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Abstract

There were two principal aims to this research : (i) to gain
a better understending of the authoritérian response to the flood
hazard; (ii) to produce a predictive model of the residential
response to the problem. Following an initial review of flood
plain management techniques, three scales of spatial analysis

were identified. 1. The National Level : A broad investigation

was undertaken into flood plain management programmes in Britain.
This survey illustrated the narrow authoritarian response in the
past, and the recent move towards non - structural measures,
particularly forecasting and warning schemes, and highlighted
the need for a greater consideration of social factors in flood

plain. planning. 2. The Regional Level : Regional level studies

examined various flood types, the severity of the hazard, and the
response to the flood problem by the responsible organisations in

the county of Cumbria. 3. The Local Level : Detailed local level

surveys were carried out at Carlisle and Appleby to assess the
significance of residential and commeréial behaviour in affecting
the extent of flood losses. An extensive questionnaire survey of
residents and business—men was undertaken in the two research
centres, to examine the behavioural aspects of the flood plain
population in terms of perception and awareness of the flood hazard,
the degree of fear associated with flooding, the awareness of
authoritarian alleviation measures, and the perceived effectiveness
"of individual adjustments to the probi;m. The evidence indicated

. that the perceived hazard is more important than the actual hazard
in determining the individual response to the flood problem,

The final research model suggested certain significant social



iii
characteristics which éould be used to predict flood plain
behaviour and thus reduce potential flood losses. This is
critical to flood loss reduction programmes, especially with the
trend towards non-structural alleviation schemes, since inefficient

flood plain behaviour could significantly reduﬁe the effectiveness

of such programmes.
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Introduction

This chapter is concerned with the initial fieldwork in the
study area of Cumbria and the research centres of Carlisle and

Appleby. The chapter is divided into three;sections:
(1) The physical characteristics of Cumbria.
(2) The flood problem in Cumbria.

(3) The characteristics and flood problems in

Carlisle and Appleby.

These studies provided the necessary background information for
the later studies of perception and response to the flood hazard,
by .both the authorities and individuals. The data collected here
also served.to stress the extent of the flood problem in the
county and showed how the problem has increased significantly
since the early nineteenth century. The evidence procured from
these background studies allowed refinements to be made to the
research design, particularly in the'proposed study of the
authoritarian response to the flood hazard. The long history

of the flooding'in the county was particularly useful in this

respect.

(1) The Physical Characteristics of Cumbria

The research area conéisted of-that part of the extreme
north-west of England which lies between the Solway Firth in the
north and Morecambe Bay in the south, and stretches between the
western coast and the Pennines., This area, at one time divided

into Cumberland, Westmorland and North Lancashire, is now known
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as Cumbria (map 5-15. However, because the county boundaries

do not follow clearly defined geographical.zones, it was

decided to adjust the study area to incorporate complete

hydrological units. Thus, using the watersheds as a delimiting

factor, a line was drawn along the Pennines embracing all the

river basins from the River Eden flowing north to the Solway

Firth, to the River Kent flowing south to Morecombe Bay, and

including all other streams discharging into the Irish Sea.

The research area was quite large, covering approximately
5,400 kn® with mexioum dimensions of 96 km from north to south
and 38 km from east to west. This large area provided examples
of a wide range of flood types as well as various responses to
the hazard, within an essentially integrai unit., However, to
counteract #ny problems of generalisation within such a vast
area, two detailed studies were carried out at Carlisle and
Appleby. Apart from these variations within the research area,
Cumbria represented part of 'Upland Britain' and hence
comparisons could be made with the findingé from other similar
areas. ‘'Cumbria', therefore, was ideally suited to the research

designs decribed above. g

Geology

'The geology of Cumbria is fairly complex, since it comprises
an old core area of pre-cafboniferous rocks, surrounded by
progressively younger measures of carboniferous and post
carboniferous ages (map 5-2). The oldest rocks in the pre-
carboniferous series are the Skiddaw Slates, which are up to

1800 metres thick, and the Borrowdale Volcanic Series, which
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are over.3,000 metres thick. These two rock types, formed during
the Ordovician orogenesis, can be found throughout the old core
area of Cumbria. The inteﬁse pressures created during these
ancient earth movements produced several igneous intrusions around

Ennerdale Water' and Wastwater, as shown in map 5-2.

This pre~carboniferous core area is completely surrounded
by carboniferous rocks, except in the south-west where younger
rocks overlap directly on to the old core. The carboniferous
rocks are typified by the limestone groups either side of the
Eden Valley, the coal measures, and the sandstone/shales (Millstone
Grits) in the south. The post carboniferous rocks consist
primarily of the Penrith, Kirklinton and St. Bees Head sandstones

and the Lias and Stanwix shales.

These different rock types are important, because they have
been instrumental in producing the topography and drainage |
patterns of Cumbria and hence should be considered carefully in
any assessment of the hydrological characteristics of the area.
As far as hydrolog& is concerned, the principal difference due
to geology is found between the pervious and impervious rocks -
the old core is impervious to water, while the outer limestones
have produced a karstic environment. The implications of these
geological features on the topography and drainage patterns are

discussed below.

Topography

The topography of Cumbria is intrinsically linked with the

underlying geology. The o0ld core rocks have produced a dome
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feature in the central area while the coastal lowlands to the
north-west and south are made up of shales. In the west the‘
area is bounded by the coastline, while the east is delimited
by a major Pennine fault. Map 5-3 shows the general relief
features of the area. The central dome rises to approximately
978 metres at Scafell Pikes, 950 metres at Helvellyn and 931
metres at Skiddaw, while there are several large areas to the’
north-west and south where the reliéf is well below 50 metres.
Within Cumbria, Smailes (1968) described several planation
surfaces at 610, 1!-90-;518, 305-320, 223-244, and 174 metres which
are particularly prominent in the west and are common to all

rock types.

The geomorphological features have been formed by a variety
of pfocesses. For instance, glaciation has been a major factor
in medifying the landscape, since the central mountainous area
was once the source area of a local ice-sheet. Smailes (1968)
suggested that this first cleared away the younger deposits that
probably covered the central core at one time, thus exposing the
Skiddaw slates and Borrowdale volcanics. The ice centred on the
Appleby - Dufton area, according to the evidence of drumlins,
flowed out radially from the centre. The northward flowing ice.
vas guided by the Eden Fault and eventually met the southward
advancing Scottish ice, which split the Cumbrian ice in the region
of Carlisle; This process has been important to the drainage
patterﬁ of Cumbria, because valleys-were straightened by the
truncating of spurs, particularly the Eden Valley, while many

lakes were also created,

Post~glacial activity has been characterised by the
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siripping of the glacial drifts from the area, especially as
the land has risen isostatically following the release of ice
pressure. This has had a éignificant effect on the hydrological
characteristics of the area, since fluvial erosion, transport
and deposition of sediments has altered the timing of certain

riverse.

The present topography of Cumbria reflects much of the
glacial activity, particularly the erosional features in the
upland area, and the depositional features to the north. However,
the features still wvary according to the geology, with the ice
action merely emphasising previous differences. The massively
Jointed Borrowdale Volcanics, for example, have been particularly
susceptible to ice plucking processes, which has left craggy,
rugged features such as corries and aretes. The Skiddaw slates,
on the other hand, have undergone abrasion by smoothing and.

rounding, which has produced more conical features.

The limestone rocks of Qumbria have produced different
physical features. For exsuple, limestone pavements may be
found at Newbiggin Crags and Hutton Roof Crags, which show the
typical intermittent drainaée and dry valley features of a karst
environment. In several places, rivers have cut deep gorges
through the limestone such as Scandal Beck, or the River Caldew
at Howk, Other limestone outcrops, following major faulting,
form the escarpments such as the west facing wall of the northern
Pennines, which culminates in the 809 metres summit of Cross Fell.
Finally, the shales of the north-west now form an area of coastal
lowlands, which are typified by marsh and bog lands often covered

in mosses. This area is generally featureless apart from various

247
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drumlin formations.A

Drainage

The last Tertiary uplift produced the elongated dome of
the Cumbrian central core, which essentially determined the
present drainage patterns of the area. The initial rivers
flowed radially outwards from the centre upon a uniformly
sloping cover of New Red Sandstone. After these earthmovements,
there followed a long period of denudation, as the rivers
established themselves in deep valleys. During this period, the
newer rocks, which had guided the original drainage pattern,
were gradually stripped away from the higher parts of the dome.
However, the old river pattern was maintained as the whole
system was superimposed on the complex geology of the underlying
older rocks. Thus, the rivers now cross different geological
outcrops at all angles, preserving the radial drainage pattern
particularly in the west. The main watershed of the dome now
lies on a line west to east, from the Pillar over Great Gable,
Sty Head, Langdale Pikes, Esk Haus, Dunmail Rise, Kirkstone
Pass to Wasdale Pike in Shap with the principal rivers flowing

north, west and south (map 5-4).

A’common feature of this general drainage pattern is the
straight nature of many of the valleys. This characteristic owes
much to the superimpositioh of the drainage and also to the
processes of glaciation and underlying geology. For instance,
fairly straiéht channels would have developed on the original
uniform surface, and these would have been enhanced by the later

glaciation processes, which would have eliminated any minor

249
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irregularities by tfuncating the minor spurs. Also in Cumbria,
many spurs apparently coincided with shatterbelts, and hence were
structurally weak, so the straightening process was probably the

product of all three factors.

Another consequence of the glaciation was the formation of
numerous lakes and tarns; there are sixteen major lakes as we;l
as many smaller ones., Map S5-4 shows the location and features
of the larger of these in relation to the general drainage
pattern. The largest lakes are principally long and narrow, such
as Windemere, Wastwater and Coniston, which have been the product
of glaciers straightening and overdeepening the fluvial valleys.
Wastwater, for example, is over 80 metres deep with the lake
floor well below present sea level. Windermere, on the other
hand, was f§rmed by a terminal moraine blocking the valley, now

the southern end of the lake.

Changes are occurring in tﬁe lakes, especially through the
processes of fluvial deposition. Bassenthwaite and Derwent Water
were once one vast lake, but deposition has gradually divided the
two. The lakes now regain their previous form during periods of
high flooding. At Kentmere, two smaller lakes have alreaéy
disappeared completely due to the transport and deposition of
sediment by the River Kent. Even the larger deeper lakes are

showing significant signs of infilling, including the north-eastern

end of Wastwater. .

Hydrologically, the lakes are extremely important in Cumbria
because of the storage capacities they add to the various river
basins, especially during periods of high flows. The lakes

significantly increase the time to peak discharge response of a
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river, and thus can be highly beneficial in providing adequate
time for flood warnings in what would otherwise be an extremely

flashy environment.

There are seven principal drainage areas in Cumbria, all of
which originate in the central éore and flow outwards to the
peripheries, except those rivers in the north-west. Map 5.5 shows
the main drainage areas in Cumbria, each of which is discussed

below.

The Eden catchment:

The Eden drainage basin is the largest of the Cumbrian
catchgents, extending over an area of approximgtely 2,300 kma.
The river Eden rises in the liﬁestone area of Mallerstang to
the west of High Seat and flows in a northwards direction for 130
km before discharging into the Solway Firth below Rockcliffe
(map 5-6).. During its course, the river falls approximately
715 metres, at an average of 5.5 m/km, although the largest falls
occur within the first 50 km. The stream frequency for the
catchment is 1.59.junctions/km2, which, according to the Flogd
Studies Report (1975) is fairly typical of Upland Britain.
(Various theoretical calculations have been made on the Eden basin

with data gathered from the 1:25,000 0.S,maps. Details of these

calculations can be found in appendix IV),

There are four principal tributaries of the Eden, the River
‘Irthing on the right bank and the Rivers Caldew, Petteril and
Eamont on the left bank. The majority of the right bank tributaries

are generally short because of the steep escarpment slope of the
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Pennines. Only thelIrthing flows for any distance and this
river rises in the far north-east of Cumbria. Other right bank
tributaries include the Croglin, Ravensbeck, Milburn Beck,
Troutbeck and Swindal Beck. However, the major source of drainage
into the Eden is supplied by the left bank tributaries. The
Caldew, for instancg, rises as two streams from Caldbeck Fells
and north of Skiddaw, from where it joins to become the Caldew,
cutting deeply through the pervious rock, to flow northwards to
Join the Eden at Carlisle. The Petteril follows a similar
pattern, rising near Greystoke, crossing the limestone area and

finally joining the main river immediately west of Carlisle.

The River Eamont is not as long as the other main tributaries
but, along with the River Lowther, draine a much larger area. The
River Eamont is dominated by Ullswater reservoir, into which flow
many smaller streams which originate at Helvellyn, Grisedale and
Kirkstone Pass. The Lowther drains the area to the east of
Ullswater and is also dominated by another reservoir - Haweswater.
The tributaries flowing into this lake rise in the Shap Fell and
High Street areas. There are several other left bank tributaries
of the Eden, such as the Leith and Lynnett which also flow

northwards from Shap.

The Wampool drainage area:

The Wampool catchment area to the west of the Eden, consists
of the complex drainage patterns of the coastal lowlands in the
far north-west. The River Wampool and River Waver are fairly
short, but tend to meander across relatively low lying land from

the limestone and sandstone areas in the north to Moricambe Bay.



In this area, particularly the Cardunock Penninsula, there are
considerable bogs and marshlands. The River Ellen, further

south, rises on the periphery of the central core at Uldale Fells,
but flows for only thirty kilometres to the Irish Sea., The area
drained by the Ellen is very small, and it is.priucipally fed by
short left bank tributaries, flowing off the upland foothills.

The Wampool drainage area, in general, is characterised by lowland
drainage problems and the associated aspects of flooding, and

~ hence provides several examples of lowland flood problems in

contrast to the rest of Cumbria.

The Derwent-Cocker catchment:

The second major catchment in Cumbria is the Derwent-~Cocker
system, which drains most of the north-west central core. The
Derwent rises as sevéral tributaries at Great Gable, Sty Head
and Bow Fell on the northern slopes of Scafell Pikes, from whence
the main river énd the two tributaries, Stonethwaite Beck and
Greenup Gill, flow north into Lake Bassenthwaite and on to Derwent
Water, At this pbint the river course turns west to flow into
the Irish Sea at Workington. Both Derwent Water and Bassenfhwaite

Lake drain extensive areas. Newlands Beck, for example, drains

most of Derwent Fells before flowing direct into Lake Bassenthwaite.

The River Greta is another major river in this system, which rises

at Bowscale and Matterdale Common in the east of the catchment. This

river is joined by St. John's Beck, which rises at Wythenburn,

and is dominated by Lake Thirlmere.

Further downstream the River Derwent is joined by the River

Cocker, a major left bank tributary. The Cocker rises near
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Honister Pass on Buttermere Fells as Gatesgarthdale Beck, flows
down through Lake Buttermere and Crummock Water, then through
the Lorton Valley to Cockermouth, which is situated on the
confluence of the Cocker and Derwent rivers. A further tributary

feeds Crummock Water draining Loweswater Fell and emanating from

Loweswater Lake.

The Derwent-Cocker catchment, therefore, drains a considerable -
area of the upland core, and includes five of the larger Cumbrian
lakes. But for the delaying processes of these and other smaller
lakes, the catchment would be exceedingly responsive to any given
input of rainfall. The behaviour of this river system is

critical to the understanding of flooding in settlements throughout

the catchment (see below).

The Ehen catchment:

South of the Derwent~Cocker system is a smaller catchment,
comprising of the Rivers Ehen and Calder, which together drain
the western section of the central core. The Ehen, the larger of
the two rises at Great Gable and flows westward to Ennerdale
Water receiving water from both banks. After the lake, the river
flows in a gradual - curve in a southward direction, where
eighteen kilometres later it reaches the Irish Sea. The only
tributaries of any significance are the Keekle and Dub Beck which
flow south from Dean Moor to join the Ehen at Egremont. The other

river, the Calder, flows directly south from Ennerdale Fells.
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The Duddon drainage hrea:

The south-west of Cumbria is drained by a series of small
rivers - the Irt, Mite and Esk drainﬁge basin which discharges
into the Esk ria, and the Duddon basin which flows into the
Duddon Sands ria between Barrow-in-Furness and Millom. All four
rivers drain the south-west central core area, rising in the '
Copeland Forest and Langdale Fells. The River Irt flows through
a deep valley, reputably one of the deepest valleys in Britain, tp
Wastwater. This valley, although fault assisted, represents an
area of intense glacial erosion, which has resulted in a deep
trench along the valley currently filled by Wastwater, The overall
depth from the peak to valley floor is nearly 700 metres.
Subsequent freeze-~thaw action on these slopes, particularly those
facing north, has created spectacular scree slopes falling
several hundred metres into Wast water. However, as with many
other lakes, Wastwater is now experiencing a degree of infilling

at the upper end.

The River Mite is the smallest of the Esk ria rivers and
drains the area of Miterdale to the south-west of Scafell., The
river Esk itself, is much larger and drains the area knowﬂ.as
Eskdale., The river rises at Bow Fell as Lingcove Beck and at
Scafell Pikes as the Esk, from where the river flows south-west
to the coast. These rivers essentially drain the Borrowdale

Volcanics and Eskdale granitic intrusions.

The River Duddon catchment is another small south-west basin
dominated more by the large ria of Duddon Sands than the drainage
pattern. The river system drains many of the small fells in this

area, including Thwaites Fell and Ulpha Fell to the west, and
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Furness Fell and Dunnerdale Fell to the east. The river Duddon
rises at Wrynose Pass and flows almost directly south to the
coast, receiving drainage from many small left and right bank

tributaries throughout its course.

The Leven drainage area:

The Leven drainage area is also located south of the central
core, but differs hydrologically from the previous catchment,
because the river systems are dominated by several lakes, in
particular Windermere and Coniston. The smaller of the two
rivers, the Crake, rises in Furness Fell as Yewdale Beck and flows
directly south through Lak? Coniston, emerging as the Crake for
the short distance to the sea, Tributaries from both east and
west drain parts of Furness Fell and Grizedale Forest. Howgver,

the Crake is quite clearly dominated by Lake Coniston.

- The River Leven catchment drains a larger area of the south
and south-easf central core, rising as many small tributaries north
of Lake Windermere. The Micklen and Oxendale rise at Bow Fell,
and together fofm Great Langdales Beck which flows south-east to
join Elterwater. This small lake is also fed by the Litti;
Langdale river system to the south, which drains the area of
Tilberthwaite Fells. The River Brathay rises on the opposite side
of Wrynose Pass to the Duddon and flows down thiough Elterwater
to Lake Windermere., To the north of Langdales is the River Rothay
drainage system which flows south through Grasmere Lake and Rydal
Water to join the Brathay immediately abo;e Windermere. Many smali
tributaries drain the area of Grasmere Common, Wytheburn Fells

and Fairfield. Two further tributaries flow directly into Lake
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Windermere : Troutbeck which flows from Caudale Moor to the east
bank, and Cunsey Beck on the west side, draining Grizedale Forest
and Esthwaite Water. The River Leven itself represents the outflow

from Lake Windermere down to the ria at Leven Sands, to the east

of Ulverstone.

The Kent drainage area:

The final catchment in the Cumbria research area is the
Kent river system, which drains the area to the south-east of
the central core. The main river Kent and its tributaries the
Bprint and Mint rise at Kentmere, Longsleddale and Bannisdale
respectively, from where they flow south to the ria at Milnthorpe
San@s. These rivers are typical of the southerly flowing streams
in Cumbria,'particularly at the coast where the changing sea level
in Morecambe Bay is a predominant feature, The immediate post-
glacial period produced deeply incised valleys, and as more
teaperate conditions returned sea levels rose thus flooding the
lower valleys. Siltation has since led to the partial or even
complete infilling of the bays with deposits brought down by the

rivers and redeposited by the sea movements in Morecambe Bay.

The drainage systems within Cumbria, therefore, are quite
varied, although they all represent a part of the overall radial
pattern. Catchment areas vary between the large Eden basin in the
north-east and east of the region and the smaller systems found in
the south-west. Most of the basins represent upland river systems,
often incorporating large lakes or reservoirs, except in the north-
west where a lowland drainage pattern has evolved. This variation

of hydrological characteristics within Cumbria has led to many



different flood problems, throughout the county (these are

described in detail in part 2 of this chapter).

Settlement Patterns

The general settlement pattern of Cumbria consists of small
villages and hamlets in the upland valleys, particularly in the
central mountainous area, with a few larger towns on the
peripheries. This pattern has evolved following a series of
invasions by various people, including the Romans and later the
Scandinavians and Norse-Irish settlers, who have left their mark
in many place names throughout the country. (Details may be
found in Chancellor 1954). During a later period defensive
settlements developed because of the assaults from Scots across
the border, but the necessity for these diminished following the
Act of Union in the eighfeenth century. Larger towns have since
developed on the lower land, principally as ports, route centres
or market places. For example, Carlisle, with a current population
of 71,582 (Census, 1971) was originally an old defensive site
dominated by the castle and cathedral and central market place,
but since the eariy nineteenth century, has developed into the
wajor ceatre in the north-west. Other large settlements in
Cumbria include Whitehaven (27,000) Workington (28,500) Millom
(14,000) Kendal (21,500) Barrow in Furness (64,000) Maryport
(11,500) Dalston (11,000) Ulverston (12,000) and Penrith (11,000).
" These settlements emerged as defensiv; sites and market centres
. or were the product of the industrial revolution. Indeed,
Maryport was created in 1748-1749 because the Senhouse Coalmines

required a port from which to export coal and somewhere to house
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the work force.

Smaller centres such as Cockermouth (6,500) Keswick (5,000)
Windermere (3,500) Ambleside (2,000’ Appleby (2,000) Brampton
(4,000) Wetheral (4,000) Egremont (7,000) Aspatria (3,000)
8illoth (2,500) and Wigton (5,000) may incorporate some industries
but their main livelihood comes from tourism or agriculture.

These settlements have changed least in the last 200 years in

comparison with the larger centres.

Figures of population increases in Cumbria show that by far
the greatest expansion occurred between 1801 and 1900, although

the process has continued in some areas though at a slower rate

(see table 5-1).

Table 5-1 Population of Cumberland and Westmorland - census data

1801 1901 1971
Cumberland 117,230 266,933 292,187
Westmorland k0,805 64,409 72,836

Between 1801 ana 1901 the population of Cumberland increased by
127.7% while in the following 70 years it only expanded by 9.46%
Figures for Westmorland indicate a similar trend, 57.85% and 13.08%
respectively. The present population for Cumbria, including
Cumberland, Westmorland and the relevant areas of North Lancashire
is 472,589, During the past 200 ye;rs the smaller settlements

have remained relatively stable or even experienced a decrease in

populations, while the lowland towns have expanded rapidly.



The settlement pattern is critical to any consideration of
flood problems in the area, because the increase in population
and the resulting expansion of urbanisation has meant that more
people are now at risk from flooding than in the past, Thus,
given that there has been little change in the physical
characteristics of the area, the development of settlements would
appear to have been instrumental in aggravating the flood proﬁlem,
particularly in the lowland flood plains where urbanisation has
been greatest. The studies of Carlisle and Appleby (see part 3)

show the contrast between upland and lowland sites in this respect.
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(2) The Flood Problem in Cumbria

The flooding in Cumbria does not produce the large damages
which are experienced in other parts of Britain, and seldom poses
a serious threat to life. On occasions people have been killed
during high flows, but this is nothing like the large numbers who
die annually in such places as India, Pakistan and Bangladesh.
However, the flood problem is significant enough to warrant further
consideration, particularly in the larger centres of population
such as Carlisle, Penrith, Cockermouth, Keswick and Kendal, which
frequently suffer losses from flooding. Flooding iq also a
widespread feature throughput the county, causing damage and

inconvenience in both rural and urban environments,

The flood hazard in Cumbria takes three basic forms: the
flash flooding of smallisettlements in the upland valleys c#used
by thunderstorms on highly responsive streams; the downstream
flooding of.urban and rural areas by less responsive streams
generally as a result of more prolonged frontal storms; and the

‘flooding 6f coa;tal settlements usually from a combination of
large river discharges and high tides. Thus, the differen;es in
flood types-may be the product of different meteorological and
hydrological features, as well as determined by the geological
and topographical characteristics. The land-use patterns may also
influence the extent of flooding within settlements.

Meteorological characteristics

The meteorological characteristics in Cumbria are conducive
to flood producing conditions with heavy storms and a high average

annual rainfall frequently recorded for large areas of the county.
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Precipitation is exceedingly high, amounting to over 2,500 mm a
year in ; large part of the central mountain area (Flood Studies
Report, 1975). This situation is a product of the location and
topography of Cumbria. The western approaches maturally
experience many depressions crossing the are¢a, while at the same
time the Cumbrian mountains act as ; barrier, thus causing
orographic rainfall. Away from this central core the precipitation
' falls off rapidly. Most of the northern coastal strip, for
example, receives less than 1000 mm, and there is even a small
enclave at the head of the Solway Firth, near Bowness, where the
average annual precipitation drops below 750 mm a year. Similarly
the Eden Valley is in the rain shadow of the Cumbrian mountains,
and as a consequence only receives between 800 and 900 mm in the
main part of the vale. Significantly, however, the catchment area
for the Eden receives considerably more than this, rising in the
east at Cross Fell to 2000 mm (Map 5-7 shows the mean annual

isohyets for Cumbria).

The type of rainfall varies between heavy storms and prolonged
rain. During the summer, the central core in particular is
subject to thundery conditions with very heavy and intense falls
of rain. These storm events can cause extensive flash flooding
in many of the upland valleys such as Borrowdale or‘Langdale.
For instance, in August and again in September 1966 between 100 mm
and 130 mm of rain fell in little over an hour in Borrowdale
(Cumberland River Authority personal‘conmunication, 1974) .
However, since heavy falls of rain are very c§mnon to mountainous
region flood producing storms are liable to occur at any time of

the year.
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Map, 5~7. Cumbria: mean annual precipdtation.
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Further studies (Flood Studies Report, 1975) have calculated

the maximum potential rainfall for a two hour and a twenty-four
event. These events have an exceedingly low probability of |
occurrence, but if they did occur would cause unprecedented
flooding throughout Cumbria. Maps 5-8, and 5-9 indicate that
Cumbria is typical of upland Britain with respect to the two
maximum precipitation calculafions. The storm events in Borrowdale
in 1966 would appear to be fairly close to the maximum two hour

event proposed by this map evidence.

The prolonged rainfall in Cumbria probably causes more serious
flooding throughout the county. Since most of the Cumbrian rivers
originate on the central core area where the annual rainfall is
fairly high, the rivers are pafticularly prone to high discharges.
The catchment area for the River Eden, for instance, incorporates
both a large part of the central area, as well as the western
slopes of the Pennines. A widespread storm over the central

- mountains, therefore, could cause flooding in many parts of Cumbria.

Snowfall may also add to the problems of flooding in Cumbria.
On the coast, snow falls on average for only ten days in #he year
and seldom lies for any length of time, except when an intense
anticyclonic weather pattern settles in folloging a snowfall,
Further inland, however, the duration of snow cover increases &0
that the mountain areas are covered for three months most years.
Snowmelt ddring the spring>period,when the so0il moisture deficit
is zero, can be a particularly hazardous time since the melting
snow may add significant quantities of water to any heavy rainfall
and thus exaggerate flooding downstream. In fact, wmost major

floods in Cumbria have incorporated some degree of snowmelt,
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including those of 1925 and 1968 (see below).

Hydrological characteristics

AThe hydrological aspects of flooding in Cumbria are highly
individualistic to the particular catchment, and specific examples
of these variations are discussed below. In general, Cumbrian
rivers show the typical contrasts in hydrological characteristics,
between the upland and lowland ieaches. Such factors as time to
peak discharge or the response time of the stream to a given input,
the duration of flooding, the velocity of flood water, the extent
of flooding, and the sediment yield of the stream during high
flows, all change significantly from the source to the mouth of a
river. For instance, in the narrow upland valleys, streams tend
to be very responsive, produce floods of short duration but often
of high velocity, and to have a low sediment yield. The steep sided
valleys combined with the heavy rainfall events produce the flash
flooding which is typical of these areas. Further downstream the
reverse condition may be fouhd, with the flood waters more
extensive spatially because of the wider flood plains, and flood
flows lower in velocity but of greater duration. The sediment
yield may increase also, because of the accumulation of material
by the river throughout its course. The different conditions
prevailing between upstream and downstream areas quite clearly

produce different flood conditions.

These differences, between the upper and lower reaches have
been somewhat idealized, since no account has been taken of the
effects of local characteristics on the flood hydrology. For

instance, the presence of lakes along the course of a river can
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delay the response of the river andmay lead to complex_timing of
rivers within the same system. The Derwent-Cocker catchment
illustrates how lakes can affect river response times. The flows
of the River Derwent are delayed by éhe presence of Bassenthwaite
and Derwent Water, whole flows of the River .Cocker are retarded
by Crummock Water and But%ermere, and Thirlmere, being a controlled
reservoir, stabilises the flow of St. John's Beck. The timing of
these rivers is critical to Cockermouth situated at the confluence
of the Derwent and Cocker, for if the peask discharges coincided

at the town then major flooding could ensue., Fortunately, the
flood flows from the Cocker have normally passed through the
system before the Derwent flows arrive. However, one of the
major flood dangers to Cockermouth is that a heavy storm will at
some time fall first over the Derﬁent catchment then later over
the Cocker so that high peak discharges from both systems will

coincide at the confluence (Hudleston, 1935).

In contrast to the Derwent~Cocker system, the Eden basin is
not affected by lakes to any great extent, although the Eamont and
Lowtker are retarded by Ullswater and Haweswater respectively.
The danger from flooding i§_obviously greatest if the flood‘peaks
from the main river and the tributaries coincide, although either
system can cause flooding downstream. In the major flood of 1968,
the contribution of water from the Eamont and Lowther was equivalent
té that of the Eden, approximately 500 m3/sec (for details'see below).
In 1974 however, the peak discharge from the Eamont and Lowther
reached similar levels to that in 1968, but bécause the Eden was
only a little above average only minimal damage from flooding

was reported (Cumbrian River Authority, personal communication 1974).
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Extent of flooding in Cumbria

Different meteorological and hydrological conditions have
produced a variety of flood environments throughout Cumbria,
fanging from the uppermost forms in the cengral mountains, to
the ports at the mouths of the larger rivers, The distribution
of known flood sites is shown in map 5-10 while a full list
appears in appendix IITI. These sites have been collected from a
variety of sources, although primarily the data have been obtained

from old newspaper reports.

Upland flooding:

The small farms and hamlets in the upland valleys are
particularly prone to flash flooding from'heavy thunderstorus.
In these cases, water tends to sweep rapidly down through the narrow
valleys causing extensive damage. The Borrowdale flood in 1966,
for example, was caused by a thunderstorm and the resulting runoff
swept down the valley damaging buildings and bridges, and moving
large boulders along the stream bed. On this occasion many of
the small villages suffered losses, including Stonethwaite aﬁd

Rosthwaite (Cumberland and Westmorland Herald, 20.8.66) while on

other occasions the villages 6f Seathwaite, Seatoller and

Borrowdale have also suffered.

Many bther valleys undergo periodic flooding similar to that
in Borrowdale. Newlands Beck, which flows into Bassenthwaite,
frequently floods the villages of Newlands, Portinscale, and
Braithwaite. Great Langdales is anothef valley system particularly

susceptible to flash flooding, which has in the past caused damage
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to the villages of Ambleside, Grasmere, Clappepsgate and
Elterwater. The Buttermere valley also floods, affecting the
settlements of Crabtree, Scalehill, Loweswater and Kirkhead.
Even the head waters of the Eden suffer from flash flooding as a
result of thunderstorms, and damage has been reported at Spurrig

End Farm, Kirkby Stephen, Brough-under-Stainmore and Warcoep.

While the incidence of flash flooding is fairly common to
these upland valley sites, such events may, on certain occasions,
occur in other areas. For instance, if a particﬁlar intense storm
affects a settiement elsewhere in the catchment, the drainage
network may prove inadequate for the sudden flows of water and
hence flooding may result.. This situation occurred in Applebdby
in 1965 when 76.5 mm of rain fell in 90 minutes, which caused

flooding throughout the town (Whitehead papers).

Lowland flooding:

More extensive flooding can be found further down the valleys
where the natural flood plains become wider. Unfortunately, these
flat flood plain areas are ideal for urban development and as a
result towns have expanded on to the flood prone areas. Many houses
and business properties are now subject to flooding in Cumbria
because of this process. For example, nearly all the towns and
villages along the Eden Valley from‘above Appleby to the Soiway
- Firth, including the City of Carlisle, have experienced flooding
at one time or another. Other larger settlements which have suffered
quite frequent flooding include Cockermouth, Keswick, Kendal and
Penrith (see map 5-10). Details of the flooding at these sites are

discussed beloy.
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Coastal flooding:

Coastal flooding, the product of high tides and high river
levels can be found extemnsively round the Cumbrian coastline.
The larger towns particularly prone to this type of flooding include

Silloth, Maryport, Workington and Whitehaven.

In conclusion, the spatial extent of the flood problem in’
Cumbria is both extensive and varied. As shown by map 5-10, the
hazard occurs in all environments, from the narrow upland valleys
to the wider coastal plains, affecting small hamlets and large
settlements. Appendix III lists those places with flood

experience over the last 200 years.

Flood frequency in Cumbria

The significance of the flood problem in Cumbria should not
be measured purely by the spatial extent of fhe hazard throughout
the county, bﬁt should incorporate an indication as to the degree
of risk at each site. A town which experiences flooding on average
once every ten jears is more 1likély to ramnk the hazard higher then
a town flooded only once every fifteen years. For this re;son old
newspaper reports, local records and archives were consulted to
give some idea of the frequency of flooding at various sites in
Cumbria (Carlisle and Appleby are examined separately in part 3

~ of this chapter).

References to flooding in Cumbria have been found dating

back to the November flood 1771 and has beéen confirmed by several

independent sources (Garret, 1818; Carlisle Patriot 9.2.1822).

Information on floods previous to this has not been verified by



alternative sources, and hence is difficult to assess. One
reference was made to a major flood in 1571 which changed the
course of the Eden and this event is apparently confirmed by map

evidence (Smith Kenneth, 1973).

More reliable evidence is available from the‘early years
of the nineteenth century with the publication of regular newspapers,
and the reporting of local news and events., It was from this
source that a great deal of information was obtained,both on flood
frequency and the spatial extent of the hazard between the years
1809 to 1975. For instance, according to various newspaper
reports, Penrith has experienced flooding on fourteen occasions
and while not all these were major events, they still warranted
reporﬁing. Similarly, references to flooding indicated that
Cockermouth had been flooded fourteen times, Keswick fifteen,
Kendal fourteen and Kirkby Stephen ten. Other settlements héd
been flooded less frequently according to the reports, although
they could well have been flooded on other occasions and the
events ﬁot recorded. For example,flooding was reported six times
at Langwathby, four times at Temple Sowerdby, five at Brampton,
four at Carleton, seven at Plumpton, four at Broughham, six at
Eamont Bridge, four at Pooley Bridge, four at Brampton, six at

Maryport and three times at Whitehaven.

Many other settlements, particularly in the upland valleys,
are flooded guite freguently, but the events are not always
reported. In Borrowdale flooding has always been a problem,
although it is only in recent years that reports have appeared in
the newspapers and that the River Authority has acknowledged the

problem. This century flooding is known to have occurred on at
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least eight occasions in the small villages on the River Derwent,
at Grange, Longthwaite, Seatoller, Thornythwaite and Seathwaite,
and on the Langstrath Beck-at Stonethwaite and Rosthwaite. It may
be conjectured from the evidence of the last 75 years that a
similar number of floods occurred during the preceeding 75 years

given that climatic conditions have remained relatively stable,

The data collected from the newspapers and other local
sources, therefore, are not comﬁlete, although every attempt was
made to reduce errors by cross-checking. However, errorsin this
case represent floods not reported rather than over-representing
the flood problem, Also, it is reasonable to assume that the
accuracy of inforﬁation has increased since the 1920's when
newspapers became increasingly orientated towards local events,
rather than national problems. Even s0, enough evidence exists
from the past 200 years to suggest that many areas have been
subjected to quite regular flooding, while others may be affected

only during the major events.

During the historical research,it was discovered that flooding '
was recorded for 75 separate occasions during 51 of the 2QF years
of record from 1771 to 1975; Of course, there may have been other
years when flooding occurred but was not reported, or was overlooked
during the newspaper survey. Nevertheless, the large number of
floods found gives a clear indication of the extent of the
problem in Cumbria. Table 5-2 lists the years of flooding between
1771 and 1975 and the number of separate events reported for each
year. Clearly 1891 is the worst with five, but none of these was

a serious as wmany of the other events.
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Table 5-2 Years of recorded flooding in Cumbria 177151975

1771 1891 (5) 1924 (3) 1947  (2)
1809 (2) 1892 1925 1952
1815 1894 1926 (2) 1954 (3)
1822 1895 1927 1962

1831 1896 1928 (3) 1964
1851 1898 1929 (2) 1965
1852 1899 (2) 1930 (2) 1966
1856 1903 (3) 1931 (2) 1967
1857 1914 (2) 1932 1968

1861 1916 1933 (2) 1972
1868 1918 1938 1974
1874 1921 1941 1975
1883 1922 (3) 1945

Total flood events

75 (numbers in parentheses represent

Total flood years = 51 total floods in year).

From this list of flood events, several years stand out as major
episodes in the history of flooding in Cumbria. During these
particular years flooding was usually of such a scale that many
places experienced their largest floods for many years. While

not all the Cumbrian rivers would have been reached major flood
proportioné, the floods of these particular years were sufficiently
large enough in both spatial extent—and volume to warrant special
consideration. On this basis,the years of 1771, 1822, 1856, 1925
and 1968 stand out as particularly important. The approximate

return period for such major events would appear to be once every
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forty years, although the period between floods actually varies
between fhirty-four (1822-1856) and sixty-nine years (1856-1925).
However, during this latter period the flooding in 1903 was almost
‘as large as the other events. It should also be noted that not
all settlements have experienced their largest floods on these
occasions. Kendal, for instance, was reported to have been most
seriously flooded in November 1898 (Flood Studies Report, 1975)
and Cockermouth in 1938 (Cumberland River Authority personal

communication 1974),

17713

The flood event of 1771 caused widespread damage throughout
the whole of Northern England including Cqmberland, Westmorland,
Northumberland and Durham (Garret, 1818). In writing about the
flooding of the Eden, Garret quoted the case of a whole mill being
washed away at Bolton, while on the Kent at Kendal three men were
drowned when the Wennington Bridge collapsed. At Betham he
stated (page 23) 'that graves were washed open and corpses and
coffins were floating for some time.' Although the 1771 flooding
was a major event in Cumbria the lack of evidence prevents any

detailed examination.

1822:

The 1822 flooding was featured in the Carlisle Patriot

(9.2.1822) under the heading 'Storm and Flood'. On this occasion
the River Eden was said to be 'higher than in 1771' and was
reported to have caused much damage and destruction throughout
its course. For instance, the bridges at Eastfield Wath, Kirkby

Stephen, Church Brough and Cliburn were all destroyed by



flood waters, while others at Coupland Beck, Kirkby Thore,
Longmarton and Bolton were damaged quite seriously. At Keswick,
floods completely destroyed several houses and at Cockermouth

.and Penrith many parts of the towns were inundated.

1856:

In 1856 flooding occurred in Cumbria of a similar nature
to that in 1822, although in several areas the flooding was of

even greater magnitude. The Carlisle Patriot (13,12.1856) and

the Carlisle Journal (12.12.1856) reported widespread flooding

throughout the county.

1925:

The flooding of 1925 was given even wider coverage by the
newspapers than any previous events, although compared to 1856
the flooding was not as great. The flooding in 1925 was the
culmination of three floods in December 1924, building up to the
major event in the following.January. During this period much
of Cumbria experienced widespread flooding and particularly high
flood losses were reported from the catchments of the Eden, the
north-west lowlands, the Derwent~Cocker and the coastal areas of

the south.

The River Eden apparently flooded many of the'settlemﬁnts
along its course from Kirkby Stepheh to Warcop, Langwathby,
Lazonby and Kirkandrews. Many of the tributaries were also in
flood, including the Caldew, Petteril, Eamont and Lowther, which

inundated the settlements of Lannercost Priory, Kirkoswald,
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Hesket~New-Market, Millhouse, Carleton, Penrith, Plumpton, Brougham,
Eamont Bridge, Pooley Bridge and Thrimby Grange, The rivers éf
the north-west were also in full spate flooding many small
villages such as Wigton, Gamelsby, Kirkbridge and Lessonhall.
Along the west coast high tides and full rivers added to the
problems, and Maryport, Whitehaven, Workington and Silloth all
experienced major flooding. The Derwent-Cocker river system
caused extensive flooding from the upper villageé of Borrowdale

to the coastal flooding at Uorkingfon. Reports of flood losses
were received from Stonethwaite, Rosthwaite, Seathwaite, Seatoller,
Borrowdale, Grange, Portinscale, Cockermouth, Cammerton and
Braithwaite. The Leven drainage areas were also in high flood,
especially above Lake Windermere where the Brathay and Rathay
caused considerable damage down through the Langdales Valley.

The settlements of Ambleside, Grasmere and Elterwater were

inundated as well.

The 1925 flooding may not have produced the largest
recorded‘flood levels, but the extent of flooding throughéut the
county warranted particular attention. For instance, the local
newspapers indulged in headlines such as 'New Years Day Havoc'

(Cumberland and Westmorland Herald, 3.1.25) and 'Torrential

Rains over Christmas - Flooded Rivers' (Cumberland News, 3.1.25.)

The Herald went on to describe the flooding as the worst for

many years, stressing the widespread flooding throughout

Cumberland and Westmorland.

1968:

The most recent major flood event in Cumbria took place in
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March 1968, when again aconsiderablse number of towns and villages
suffered the most serious flooding for many years. Because this
event occurred so recently, there is considerable information
available on the meteorological and hydrological characteristics
of the flooding, as well as details on the épatial extent of the

flooding in the. county.

The meteorological conditions which led up to the event of
March 23rd 1968 were such that a flood occurred almost immediately
in the upper reaches of the catchment. Four days earlier there
were several heavy falls of rain in excess of 50 mm which
produced high flowing rivers (map 5-11). However the storms of
the 22nd and 23rd March brought even heavier falls of rain which
on the already saturated catchments rapidly reached the river
channels. Map 5-12 shows the extent and intensity of these
storms, which brought the heaviest storms of the year to many
Places, such as Borrowdale, Keswick, Thirlmere, Braithwaite,

Eden Place, Appleby, Patterdale, Burn Banks and Spadeadam
(British Rainfall, 1968). Several of these places received over
five percent of their average annual rainfall in one day (Table 5-3),

P

Table 5-3 Sites with more than five percent of mean annuaiv
rainfall during 23rd March 1968

(Source : British
Rainfall 1968)

nm % Annual Average
Eden Place S5h.1 _ Se
Appleby Castle 50.8 5.5
Appleby Highfield s8.4 6.5
Burn Banks ' 96.5 53

Spadeadam 67.1 6.1
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Apart from raiﬂfall, other meteorological factors were also
involved in creating the very high flows on the 23rd March. The
s0il moisture deficit would have been minimal, which meant thaf
rainfall would soon become runoff. Potential evapotranspiration
would also have been very low and hence would have no effect in
reducing flood levels. Snowmelt, on the other hand, significantly
increased the flood peaks of many streams. Snowfall, for instﬁnce,
was recorded in parts of the Lake District during March on seven
occasions with snow remaining on the ground for between two and
five days. Maximum accumulations of up to 8 cm of undrifted snow
were found on the 20th and 21st March at Ashey Croft, Dale Head
Ennerdale, Patterdale, Haweswater and Langdales (British Rainfall
1968). These snow accumulations disappeared following the storms
on éhe 22nd and 23rd March and hence were bresumed to have added

to the runoff during this period.

The hydrological characteristics in 1968 varied between the
different catchments, although in general the rivers in the east
were the worst affected. The River Eden, for example, reached its
highest level since 1856 with a peak discharge of approximately
1400 m3/sec, me;sured immediately above Carlisle. Contributions
from the main tributaries amounted to 274.92 m3/sec and 231.55 m3/sec
for the Eamont and Lowther respectively (Cumberland River Authority
personal communication, 1974). The Caldew and Petteril rivers were
also at their highest for many years. In the south, the River Kent
experienced a major flood, discharging 188.23 m3/sec at the peak
of the flood at Kendal, where the channel capacity is only 76 ms/sec.
The rivers in the south-west were less severely affected and flood

levels failed to attain the peaks reached the previous October.

283



284
Table S-4 shows the corresponding flows for the October and March

events on three of the west and south-west rivers.

Table 2-4 Measured river flows for three Cumbrian rivers

(Source: Flood Studies Report 1975).

River At 9.10.67 23.3.68 Channel
ms/sec Capacity
Leven Newby Bridge 121.39 71.4 46.3
Crake Low Nibthwaite . 29.68 11.51 10.0
Derwent Camerton 245.73 180.99 113.5

As with other significant flood years, 1968 did not
represent major flooding for all areas of Cumbria. The worst hit
areas on this occasion were the north and east of the county.
Newspaper reports for these areas described the considerable
devastation particularly down through the Eden Valley. The

Cumberland Journal (29.3.68) reported the destruction of two

bridges, one at Longwathby which had stood for 280 years and the
other at Appleby, as well as damage in the settlements of Kirkby
Stephen, Warwick Bridge, Eden Hall, Crosby-on-Eden, Brampton,
Lanercost, Wetheral, Brampton, Grange and Penrith. There was

also considerable agricultural damage in the Vale of Eden.

Example Sites

(a) Kendal: .

From the various newspaper reports and local records, it
would appear that Kendal has been flooded on at least fourteen

occasions between 1831 and 1970. This frequency represents a
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& return period of approximately one in ten yearé for floods
large enough to warrant a report in a newspaper, While the
lower areas of the town, including the Main Street are quite
frequently flooded, the higher areas are only affected during
the very large floods. The worst flood on record in the town
occurred in 1898, when Stramongate was inundated to a depth of
1.6 metres, and a small wooden bridge was swept away. The total
losses at the time were estimated to be over £10,000 (Carlisle
Journal, 4.11.98). Other large floods, which also caused significant
damage in the town, occurred in 1874, 1927 and 1954. A feasibility
report on the River Kent, Kendal Improvement Scheme (undertaken
by C.H. Dobbie 1970, and quoted by the Flood Studies Report, 1975)
marked the top seven floods in the town according tq peak flows

(table 5-5).

Table 5-5 Seven largest Kendal floods.
' Pate mslsec Rank
2.11.1898 368 1
7.10.1874 280 2 =
2.12.1954 280 2 =
27.10.1927 280 2 =
26.11.1861 248 5
9. 2.1831 222 6 =
2. 2.1852 C 222 6 =

(b) Keswick:

Keswick has been flooded on many occasions between 1822 anad

1970, and, like Kendal can expect to be inundated once every ten
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Years on average. However, the last major event appears to have
been the 1924-1925 flood for since then only the lower parts of

the town have been flooded. Previous to 1924, the largest floods

on record were the 1894 and 1898 events; the latter was particularly
significant because not only was extensive damage caused in the
town, but also in the Braithwaite Pencil Mill, when a small dam

structure failed (Carlisle Journal, %4.11.1898)

(c) Penrith:

Penrith ekperiences less extensive floods than either Keswick
or Kendal although the frequency of events in the town is quite
high. At least fifteen references were found to flooding in the
town between 1809 and 1970. However, the two small streams, which
have now been culverted under the town, tend to produce - minimal

flooding compared to the larger rivers in Cumbria,

(d) Cockermouth:

Cockermouth has suffered very severe losses from flooding
for many years, from both the River Derwent and the River Cocker
(see above). A particularly bad period of flooding occurr;d
during the 1930's when three major floods and one of smaller
magnitude inundated the town. The worst of these was the 1938
event, of which the limits of the flood are shown on map 5-13,
when Main Street was under>one metre of water at the flood peak
(see plates 1 and 2). A large part of the town experienced
flooding on this occasion with many houses and shops damaged, while
the old Quaker Bridge was cracked and Barrel Bridge totally

destroyed (West Cumberland Times, 3.9.38). In 1932, flooding in
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Main Street rose to 0.75 metres and over 200 people were affected

by flood waters in the Goat area of the town (Carlisle Journai,

20.12.32). In the previous year, 1931, the Main Street had again

been flooded (Cumberland News, 7.11.31) while in 1933 only lower

parts of the town were inundated. Other notable floods have
occurred in 1874, 1898, 1918 and 1924-1925, and altogether the
town has been affected by flooding on at least 14 occasions in
the last 150 years. However, it is-eignificant that Cockermouth
has not been flooded seriously since 1938, a point which is

discussed in detail in chapter six.

In conclusion, there is a long history of flooding in
Cumbria, which in some plgces recurs with remarkable frequency,’
causing considerable damage to both urban and rural environments.
The flood problem has, if anything, increased in significance over
the past 200 years due to the activities ofbman. Many settlements
for example, have encroached onto the flood plains as the towns
have expanded during the rapid developments of the late nineteenth
century; This process has naturally put greater areas at risk
from flooding and hence given the appearance of an increase in
flood frequencies. Losses from flooding have also increased
because of the greater property at risk and hence flooding has
become more important during the years. The problem,‘though“has‘
been created entirely by man occupying flood prone areas. Whellan
(1860) also suggested tﬁat the frequency of flooding in Cumberland
had actually increased due to impro#ed field drainage techniques
which accelerated runoff and increased both flood peaks and
flood frequencies downstream. This is probably unrealistic on

any large scale, because the vast majority of the Fells or



Plate I, Cockermouth: Flooding in Main Street, 1938,

Plate 2, Cockermouth: Flooding at Victoria Bridge, 1938,




catchment areas have been left undrained. However, the effects
of the current afforestation programmes may have led inadvertently
to greater peak discharges particularly during the initial

stages of ploughing, planting and saplings.
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(3) Carlisle and Appleby

Many of the general physical and human characteristics
associated with flooding in Cumbria can be seen clearly in the
two case studies - Carlisle and Appleby. Between them, the two
towns have experienced a large number of the problems described
above, and thus in many respects are typical of many other
settlements in Cumbria. These case studies not only provided.
examples of upland and lowland flooding,but also illustrate
different meteorological and hydrological features. The development
of the two settlements and the adjustments made to the flood
hazard have also differed. More detailed surveys of Carlisle and
Appleby, therefore, are useful in explaining and analysing the

general flood problems in Cumbria.

Both towns are situated on the River Eden in the east and
north-east of Cumbria. Appleby is located approximately 41 km
from the source of the river, and is 125 m above sea level. At
this point the Eden is deeply incised, having already fallen 590m
(Millvard ané Robinson, 1972). Carlisle, on the other hand is
located 113 km from the source of the river, and is only 14 m
above se§ level. However, although thé river is only 17 kam from
its mouth at this point, the tidal effects do not reach as far as
Carlisle. The geological structure of the two locations is
predominantly sandstone (Kirklinton at Carlisle and the Penrith
type at Appieby) although lias and shales can be found in the
western part of Carlisle and small limestone deposits are visible
to the west of Appleby. The main vale of the Eden consists of
sandstone while to each side are the limestones of Caldbeck Fells,

Great Mell Fell, Mallerstang and the West Pennines (map 5-6).



Carlisle

The modern city of Carlisle is the largest settlement in
north-west England. It covers an area of approximately 2465
hectares and at the 1971 census had a total population of 71,582
The City is situated upon three rivers, the.EAen which bisects
the town from the east to west, and the two left bank tributaries
which flow in from the south, the Caldew and the Petteril. The
Caldew which rises in the Caldbeck Fells, flows into Carlisle
through the southern residential and industrial suburbs of Denton
Holme, Caldewgéte and Willow Holme, eventually reaching the Eden
at the Sauceries., The Petteril, which also flows into the south
of the city meanders throﬁgh principally residential areas to
join the main river in the far east of thg City at Stony Holme.
The ﬁden is fairly large by the time’it reaches Carlisle and winds
its way through the lower Holmes of the City. The river
effectively_separates the residential suburbs of Stanwix, Edentown,

and Etterby from the main City area (map 5-14).

Apart from the three main rivers, there are several small
streams which rﬁn through various parts of the City. Parnham Beck
and Dow Beck, for example, rise to the west of Carlisle aﬁh flow
eastwards through Newtown and Raffles to join the River Caldew at
Caldewgate. The 0ld Eden, a former course of the main river,
flows info the Eden east of Stony Holme, while Brunstock Beck flows

south to join the Eden at Rickerby. .

The old core of the City, incorporating the castle, cathedral
and market place has remained the focal point of the town, although
large shops and businesses have replaced many of the small traders

who used to occupy the site. The major residential and industrial
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areas have developed outside this central core g;adually spreading
further and further from the centre. The wmain residential centres
are now located at Stanwix, Edentown, and Etterby in the north,
Botcherby and Brunton Park in the east, Harraby Upperby and
Currock, three very large housing estates in the south, and

Holme Head, Raffles, Newtown and Belle Vue in the west (map 5-14).
The predominantly industrial aress are now situated at Willow Holme,
Caldewgate, Denton Holme and Durranhill. No ﬁrea is completely
residential or industrial, although certain areas have changed
significantly in emphasis. Caldewgate, for instance, was at one
time the most densly populated part of the City, but is now
predominantly industrial or commercial. Similarly Willow Holme

is now dominated by the industrial estate with a few caravans

housing the only residents in the area.

Development of the City:

The growth of Carlisle since the middle of the eighteenth
century shows a corresponding increase in the problems of flocding.
The development during this period, particularly until the 1920's
was predominanfly on to the flood plains of the three main rivers,
which progressively added to the extent of urban properties at
risk from flooding. The series of maps (plates3,% and 5) of
Carlisle in 1746, 1800 and 1900, as well as the current map of
the City, show clearly how the town has expanded into flood prone

areas.

The map of Carlisle in 1746 (plate %) shows that settlement
had extended little beyond the old defensive site, which had

remained relatively unchanged since being strengthened by Henry VIII,



Only a few dvellingé can be seen outside the walis, at *'Cauda Gate'
(now Caldewgate) Shaddongate and Rickergate. However, these few
houses were indicative of the development that was to follow,

and representéd the beginning of the expansion onto the low lying
area around the old town. At this time, the River Eden still
occupied the two channels around the north of the City, which had
been formed by a particularly high flood in 1571 creating the new

Prestwick Beck (Smith Kenneth, 1973).

By the beginning of the nineteenth century, the town had
undergone several major changes due primarily to the doubling of
the population., In 1763, the town was estimated to have a
population of 4,158 (Whellan, 1860) while in the first official
census (1801) this figure had risen to 9,521. The maps of this
period (plafel{) show the tremendous expansion of buildings outside
the city walls. For example, in 1801 Caldewgate was already
supporting a population of 1,990, which by 1821 had virtually
-doubled to 3,915. The Botchergate population also doubled during
this period to over 2,000 and Rickergate increased by 50% to
1,235 (Censuses 1801, 1811, 1821). This period, from the late 18th
to the early 19th centuries, saw the beginnings of the industrial
revolution in Carlisle. Thus, flooding of the main rivers from
this time on would represent a threat to urban properties rather

than the agricultural damages experienced in the past.

Two major changes within the town also encouraged the
physical expansion of the town. Firstly, the defensive walls had
been removed by 1821, which permitted greater development away
from the central core. Secondly, the southern channel of the River

Eden (the original course before 1571) was filled in to leave
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Prestwick Beck as the main river course (compare plates &4 and 5).
The development of this area was further encouraged by the
construction of a new bridge across the Eden which cost £70,000
(McIntire, - ). All these factors enhanced the flood problem in
Carlisle. The removal of the walls and the new gfidge served to
promote further development of the flood plains, while restricting
the river to a single channel would naturally aggravate the

frequency of flooding.

Throughout the whole of the 19th Century there was an immense
growth of the City of Carlisle, for by 1901 the population had
already reached 45,480, an increase of 378% in a hundred years
(census, 1901). By this time, Caldewgate had become a densly
populated area surrounded by the factories of the industrial
revolution. Shaddongate had expanded southwards to Denton Holme,
while to the east there had been some development towards
Botchergate, along Warwick Road and Londog Road. The plan of 1900
(plate 5) essentially shows the built up areas of Carlisle at this

time.

The develoément of the Brunton Park and Botcherby areas of
the City occurred during the late 19th and early 20th Cenéuries
and has been traced with the aid of the first three editions ofv
the Ordnance Survey Maps, 1:2500 and 1:10,560. For example, in
the first editions, which were published in 1868 (1:10,560) and
1876 (1:2500) there was very little -building to the east of the
central core (these maps were surveyed in 1861 and 1865 respectively).
Development was only just proceeding along the two main arteries, |
London Road and Warwick Road, from the City centre, although there

was a small block of housing at Brunton Crescent built in 1832-5.

-



By 1901, with the second editions of the map, a certain degree
of urban infilling was visible, Charlotte Terrace, Victoria
Terrace plus a few houses on Warwick Road had been built east of
Botcherby Bridge over the Petteril., To the west of the bridge,
Warwick Road was almost fully developed on theé north side, and
intermittently on the south. The London Road had also been
developed and there was further infilling between the two. This
included Greystone Road, Petteril Street and Eldred Street. In
the west of the city there was less éhange because the area was
almost fully developed by this time. Caldewgate, Shaddongate and
Willow Holme were supporting large populations housed in densly
packed dwellings and working in the nearby industries. Carrs
Biscuit Factory and Alexandra Saw Mills, two factories developed
during the mid 19th Century, have remained to the present day on

the original sites.

By 1925 the third editions of the Ordnance Survey maps show
many further roads had been developed including those along

Warwick Road, such as St. Aidan's Road, Brunton Avenue, Brunton

Crescent, Short Street, Tullie Street, Greystone Road, Waller Street,

Thirwell Avenue, Eldred Street and Petteril Street. In the west
of the city expansion continued outwards although the Caldewgate

and Shaddongate areas remained relatively unchanged.

Development up to the 1930's therefore continued the trepd
.of the previous century with growth gradually expanding outwards
from the city centre. Detailed consideration has been given to
the Caldewgate, Shaddongate, Warwick Road and Botcherby areas in
particular because this is where expansion on tb.the flood plain

was greatest. These areas also figure most prominently in the
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later discussion of flood problems in Carlisle.

Since the 1940's and 50's there has been a general slowing
down in the urban expansion of Carlisle. Probably the most
significant as far as the city was concerned was the construction
of large residential estates to the south a;d east, including
Harraby, Upperby and Currock. During the 1960's,Caldewgate
became progressively more industrial and less residential as the
0ld densely packed housing was permitted to decline and to be
taken over by industries. However, much of this may have been
the result of planning blight since in 1954 the area was
designated for industrial and commercial purposes, but, to date,
nothing has been done witﬁ the area. Planning authorities are
still unsure of what is to become of the area, although a new road
is pianned to serve Willow Hoime (Carlisle Planning Department,
personal communication, 1975). The Caldewgate area now represents
one of the poorest areas of the city, with a mixture of derelict
property, small businesses and a few residential dwellings. One
positive product of this period was the building of the Willow
Holme Industrial Estate, which has brought many new industries

to Carlisle, but is also situated in a flood prone area.

Future plans for the city are not very extensive as far aé
expansion is concerned, and most changes are_anticipated within
old areﬁs rather than developing new. Apart from the new road to
supply the Industries of Willow Holme,the‘only other planned
development is a residential estate in Brunton Park which is to be
sited between the Petteril and Greystone Road. Plans for 250 to
300 new dwellings have already gone before the ministry and county

council for final approval.
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It is obvious from the evidence of the maps that the flood

problem has been created by man during the past 200 years. The
gradual expansion of both residential and industrial areas on to

the flood plains of the Eden, Caldew and Petteril has put increasing
amounts of property at risk. 'No doubt some.of the rapid expansion
of the 19th century or even early 20th century may be excused in

the blind rush for industrial achievements, technological break-
throughs and general progress, the'result of which has been the
legacy of flood prone property. However, that the trend of flood
plain development has continued, thus increasing the flood problem
still further, is purely the result of poor planning policies
implemented by the flood plain managers, including the town planners
and other local authorities. The most blatant disregard of the
flood hazard in recent years was the promotion of Willow Holme
Industrial Eétate in an area known to have been flooded on’

numerous occasions. Even future plans for the City are little
better, for the new housing estate is to be situated in the old
course of thé River Petteril at Raven Nook, another area of

periodic flooding. It would appear, therefore, that Carlisle,

like many othef cities, has already forgotten the lessons of the

-

last flooding.

Appleby

In contrast to Carlisle, Appléby is a much smaller séttlement
with a total population in 1971 of only 1,949 people, although
until the administrative reorganisations in 1974 it retained the
status of county town of Westmorland. The town itself is situated
on an old defensive site, with the castle on a bluff surrounded

on three sides by a large bend in the River Eden (Described in
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detail by Simpson, 1950). The town extends down from the castle
to the inner side of the bend, and across the river to the east,
to an area known as the Saﬁds. Since the name 'Sands' implies
proximity to water (Gibson, 1877) this provides an early indication’
of the flood problem. From the Sands, a residential area extends
up the steep bank to the railway station, while a further
residential area can be found at Scattergate, to the south-west
of the castle (map 5-15). Another part of the town includes the
ward of St. Michael which extends from the top of Drawbriggs to

the Jubilee Bridge.

Development of the town:

The development of Appleby did not follow the same pattern
as Carlisle. In the 14th Century Appleby had an estimated
population of over 3,000, but due to a series of invasions by
the Scots and devastation by bubonic plague, this figure was
reduced radically. In 1778, Ferguson (1894) reported that there
were only 80 families, although this was probably for the St.
Lawrence ward only. By 1801 (census) the population of the
combined wards of St. Michael and St. Lawrence amounted to 1,619,
The population at this time occupied the old core of the town,
including Boroughgate, Doomgate, High Wiend, Low Wiend, Bridge
Street and part of the Sands. By 1860, the first edition of the
Ordnance Sﬁrvey showed that Chapel Street and Holme Street had
been developed, while by the 1920's‘a certain degree of infilling
had taken place along the Sénds and in'Chapel'Street, and the
residential area below the railway station was developed. The

most recent development has been the construction of a housing
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‘Map, 5~15, Appleby: the town in 1968 showing the extent of the
March flooding.
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estate at Scatt ergate, primarily for older people. Very little
has changed in Appleby, therefore, particularly in the older
centre and along the flood-plain where much of the housing is
‘over one hundred years old and a considerable number of dwellings

.

over two hundred years.

The population of Appleby experienced some growth during .
the 19th Century as numbers rose to 2,824 in 1869 which
represented a 75% increase since the turn of the century. However,
this trend did not continue, as it had in Carlisle, for by 1951
the population had fallen to 1705. It is only in recent years
with the movement from large towns that the population has risen

to its present size.

Appleby, therefore, is different from Carlisle in that the
flood problem is not really the product of rapid urban expansion
during the industrial revolution, but is instead the legacy‘of
a much earlier period., In fact the areas particularly prone to
flooding, such as Bridge Street, Sands, Cloisters, Low Wiend,
High Wiend and Doomgate were established well before 1800. Even
the development of Chapel Street, Holme Street and the reft of
the Sands was completed faiily early in the 19th century. Recent
development has avoided these flood prone areas in favour of the
higher areas, except for an old peoples' home, located next to

the Eden at the bottom of Holme Street.



The 1968 Flood in Carlisle and Appleby : Hydrological Aspects

In March 1968, both Carlisle and Appleby suffered extensive
flooding, which in Carlisle, at least, was the largest since 1856.
’The estimated losses accruing from the floo@ing were also of
record proportions, being the highest ever recorded in both
communities. The meteorological and hydrological characteristics
which caused this flooding, have already been discussed above.
However, the implications of the hydrological features of the
flooding are now considered in greater detail with reference to

Carlisle and Appleby.

The flow at Appleby began during the early evening on
Saturday 22nd March and reached its peak sometime after midnight.
By 3.00 am the following morning the water had started to recede
and by 8,00 am the town was virtually free from water. The volume
of the peak discharge has never been estimated officially, |
although the maximum flood levels at the two Appleby Bridges were
recorded (table 5-6). These figures suggest that the River Eden

rose by 6.1 metres during the night of the 22nd-23rd March.

Table 5-6 Maximum recorded flood levels : March 1968

(source Cumberland River Authority)

metres above sea level

Jubilee Bridge upstream 129.68

downstreanm 129.67
St. Lawrence Bridge upstream 128.68

downstream 128.5

306



The flood peak was transferred gradually downstream, reaching
Warwick Bridge between 5.00 and 6.30 am and the Motorway Bridge
just outside Carlisle at 8.00 am. By this time,a great deal of
Carlisle was already inundated, and the arrival of this peak
merely enhanced the flood problems. Carlisle is subject to
flooding by any of the three main rivers, although individually
they cause more localised flooding. However, on this occasion.all
three rivers were in full spate. The River Caldew was probably
at its highest since 1925 and caused flooding of houses and
businesses in Caldewgate and Shaddongate as well as the
industries of Willow Holme. The River Petteril was also very
high, and, like the Caldew, was blocked by the Eden which caused

the Petteril to flood parts of Brunton Park.

The River Eden rose to its highest level for over one hundred
years and caused widespread flooding throughout the lower Holmes
of the City. Official estimates of the peak discharge through
Carlisle have varied because no river level gauging station
remained operational throughout the flood event. The Cumberland
River Authority (records, 1968) originally quoted figures of
1557.42 u>/sec but this was later reduced to 1415.84 m”/sec.
Although estimates of the peak flows have varied, the River
Authority now assumes that the latter figure is probably the most

accurate (personal communication, 1974). In order to reach a
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flood of this magnitude at Carlisle, a certain degree of synchronisation

is required between the main river and the tributaries. The
Cumberland River Authority estimated the peak flows for the Eden
and more accurately measured flows from the Eamont and Lowther

(table 5-7).
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Table 5-7 Peak river flows : March 1968
River . Station Max. flow (WB/SOC)
Lowther Eamont Bridge 231.55
Eamont Udford 274 .92
Eden Temple Sowerby 400.97 (estimates)
Eden Warwick Bridge 860.00 "
Eden Carlisle 1415, 84 "
. (Source : Cumberland River Authority)

However, since the peak flow at Warwick Bridge reached only 860
m3/sec it would suggest that the maximum flows did not entirely
coincide. All figures on the River Eden were estimates because
of failures of the gauging stations during the flooding. Some
controversy developed over estimates of the Warwick Bridge flows
for an early River Authority estimate put these as high as
1135.5 ms/sec. This may have been reduced on reflection of the
total contributions from the Petteril and Caldew. The only
large tributary, the Irthing, reached its peak at 2.00 am
(193.97 m3/sec) and so did not add significantly to the peak flows
on the Eden. The different timing of these rivers probabiy
increased the duration of the flood, which was reported to have
lasted for most of the Sunday (see questionnaire results in

chapter seven).

The Cumberland River Authority estimated the frequency of
floods of this magnitude in Carlisle to be 1 in 60 or 1 in 100
years. However, this was later revised, following a more careful

assessment of the flooding, to a recurrence interval of 38.5 years
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(Cumberland River Authority - Records).

Flood damage in Carlisle

The 1968 flood in Carlisle inundated over eleven percent of
the land area within the City boundaries, an& caused damage to
residential and industrial properties, as well as to recreational
parkland facilities (map 5-14). Local newspapers reﬁorted at fhe
time that over 6,000 people in the City were affected by the flood
in one way or another, and that 150 families had to be evacuated

temporarily from their homes (Cumberland Journal, 29.3.68). The

newspaper went on to point out that losses due to the flood were
expected to reach £500,000, without including consequential losses:

or yninsured property.

The Caldewgate area of the City suffered very high losses
because several large commercial properties were inundated (map

5-16). The Cumberland Journal (29.3.68) reported that the manager

of Carrs Biscuit Factory estimated losses to the company to be

as high as £25,000 while Alexandra Saw Mills and the Carlisle
Brewery were reported to have suffered thousands of pounds worth
of damage. The Willow Holme Industrial Estate experiencedﬂéven
greater damage, especially in the west of the site where flood
waters rose to nearly two metres. McKenzies Métors, for instance,
lost everything, including fifty new cars and many spare parts,
and immediate losses were assessed by the company to be
approximately £30,000. Plates 25 and 26 show the depth of water
at McKenzies after the flood peak had passed. (Further details of

the Willow Holme flooding can be found in chapter nine). The

Cumberland Journal (29.3.68) also reported that Adamson and Company
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Brunton Park showing the extent of flooding in 1968,

Map, 5-17.
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Botcherby showing the extent of flooding in 1968,

Map., 5-18,
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suffered £8,000 worth of damages despite taking action to prevent

serious losses. According to the information from several
industries (see chapter nine : Commercial questionnaire resulté)
two companies have subsequently left the Willow Holme Estate

as a direct result of the flood; those were United Yeast and

S and B Commercials. The authorities at Carlisle Civic Centre
denied that any companies left the area because of the floodiﬁg

(personal communication, 1975).

Beyond the Industrial Estate the electricity works and the
Sewerage works were both flooded to great depths,and were forced
to close for several days. In Shaddongate several small businesses

were inundated as well as the Border Daries which also étopped

production for a few days.

In the east end of the City, both the Botcherby and Brunton
Park areas were extensively flooded, with nearly six hundred
dwellings affected, as shown in maps 5-17 and 5-18 (Data obtained
fromquestionnaire design survey). The flood water extended up
Warwick Road as far as St. Aidans Church, inundating many of
the surrounding side streets to the west of Petteril Bridge,
including Petteril Street, Eldred Street, Tullie Street, Short
Street, Brunton Avenue, Brunton Crescent, Greystone Road, Waller
Street and St. Aidan's Road. To the east of Petteril Bridge, the
flood waters reached Botcherby, inundating properties in Victoria
Road, Charlotte Terrace, Eden Park €rescent, Tilbury Road and
Warwick Road. (The limits of the 1968 flood were established
from photographic evidence, in conjunction with the questionnaire
data). Many houses in Brunton Park and Botcherby were flooded to

a depth of one metre, while at Charlotte Terrace flood depths rose
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to 1.5 metres (Details obtained from the questionnaire survey,

see chapter seven). Many residents suffered considerable losses
during the flood both to pefsonal possessions and to the structure
of their properties. The rugby football ground and Carlisle United

AFC pitch were also flooded to depths of approximately two metres.

The Flood damage in Appleby

In Appleby the damage caused by the flood was quite extensive
and resulted in considerable monetary losses, despite the
relatively small amount of property at risk. The Mayor of
Appleby launched an appeal immediately after the flood t§
recompense some of the victims. A council official estimated
at the time of the flood that losses in the town were expected

to reach £250,000 (Cumberland News, 29.3.68). The full extent of

flooding in Appleby is shown in map 5~15.

The Sands, an area of frequent flooding, was inundated in
1968 to a depth of 1.5 metres with water extending from Burnes

Garage in the north to Bongate in the south (Cumberland and

Westmorland Herald, 30.3.68). Plate 6 shows the extent of
flooding along the Sands hours before the peak passed thro;gh the
town. In this area alone, three garages, several shops, some
houses, as well as the Methodist Church and the police station

were all flooded to various depths.

From the Sands, the flood spreah across the Butts, covering
the cricket pitch and inundating St. Lawrence;s Church, the
swimming pool, the gas works and the whole of Chapel Street. The
flooding at Chapel Street was aggravated by a brick wall between

the road and Broad Close, which retained water in the houses.



This wall was eventually demolished at one section to allow the
water to recede. Plates 8 and 9 show the conditions in Chapei ”
Street the morning after the flood. At the peak of the flood the
buildings in Holme Street, High Wiend, Low Wiend, Doomgate and
finally Bridge Street were affected. The Jubilee Bridge upétream
of the town centre was totally destroyed (Details of the flooding

were obtained from the questionnaire survey - chapter seven). -
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Plate 6. Appleby: The Sands during the 1968 flood (taken several hours
before the peak discharge),

Plate 7. Appleby: St. Lawrence Bridge during the 1968 flood. At the
flood peak water reached to the top of the bridge
arches,




Plate 8, Appleby: Chapel Street the morning after the 1968 flood,

Plate 9, Appleby: Chapel Street the morning after the 1968 flood,

o .
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Historical record of flooding

There is a very long history of flooding in both Carlisle
and Appleby, which fortunately has been reported quite regularly
by the local newspapers or recorded in local records and érchives.
Although this historical record of flooding‘is not complete, an
analysis of the more notable events, in chjunction with the
study of urban development, provides an interesting picture gf
the increasing flood problems. Table 5-8 lists the dates of
flooding in Carlisle and Appleby for which references have been
found., Appleby appears to be under represented in this table,
which is probably the result of newspapers not reporting the
smaller floods in the town, whereas this has occurred in the
large centre, Carlisle. Bowe&er, it is reasonable to assume
that all the floods of greater significance have .been reported,

since these would have greater news value for the newspapers.

Carlisle : historical record

The first recorded accoﬁnt of floodipg at the site of
Carlisle was during January 1571 (Smith Kenneth,1973) when the
River Eden was reported to have burst its banks and created a
secondary channel, which became known as Priest Beck. In fact
the Eden remained as two channels at Carlisle until early in the
nineteenth century when the older of the two channels was filled
in to improve the northern approach to the City. However, it was
in 1771 that the first recorded evidence of flood damage to
property was recorded at Carlisle. Garret (1818, 22) stated that
"On Sunday (16th November) they had there the greatest flood ever

known". He went on to describe how the flood waters were nearly
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Table 5-8 Dates of known flooding in Carlisle and Appleby (1571-1970)

(Source - Newspapers and Local records)

1571  JAN c 1903 JAN c 1933 FEB c
1771 NOV C A 1903 OCT(8) ¢ . 1941 MAR c
1809 FEB c 1903 0CT(29) C 1947 JAN C A
1809 SEPT c 1914 NOV c 1947 APL A
1815 DEC C A 1914 NOV  C 1954 0CT(18) ¢ A
1822 FEB C A 1916 JAN ~ C A 1954 oCcT(24) ¢ A
1851 JAN C A 1918 JAN ¢ 1954 0CT(29) C &
1852 JAN c 1921 DEC c 1954 DEC C A
1856 DEC C A 1924 DEC(27) ¢ 1964 DEC C A
1868 JAN C A 1924 DEC(30) C A 1965 JULY A
1874 . oCT’ C A 1925 JAN C A 1968 MAR C A
1883 JAN A 11926 SEPT C
1891 AUG c 1926 NOV c
1891 DEC(6) C 1928 JAN c
1891 DEC(10) C A 1928 FEB C A
1891 DEC(13) C A 1928 AUG A
1891 DEC(15) € A 1929 NOV C A
1892 SEPT C A 1929 DEC  C g
1894 FEB A 1930 JAN(14) C A
1895 NOV A 1930 JAN(18) A
1896 OCT cC A 1931 JAN c
1898 NOV c 1931 NOV . C A
1899 JAN(18) C A 1932 DEC ¢
1899 JAN 27 A 1933 JAN c
Reference of known flooding C = Carlisle

A= Appleby
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two metres deep in Rickergate, How a house was entirely demolished
in Caldergate (now Caldewgate) and how a whole mill was washed
away in Botcherby. Despite this major flooding of both Caldewgéte
and Botcherby, these areas still became the first areas to
experience the rapid development of the industrial revolution just

a few years later.

The next reported cases of flooding occurred in 1809 (in
February and September) and again in 1815, when the same areas of
the town were inundated. On these occasions even greater damage
was caused in Caldewgate and Rickergate because further development
had already taken place. (Plates 3 and ¥ illustrate these
developments). In September 1809, many houses in Caldewgate were
washed away while others were flooded to depths of two metres

(Carlisle Journal 23.9.1809). In 1815, the new bridge over the

Eden was damaged by flooding while the Petteril Bridge at Botcherby
was destroyed completely, as were several acres of wheat (Garret,

1818).

In February 1822,Carlis1e experienced the first major flood
following the initial development of the town on to the flqod plain.
On this occasion Rickergate was the worst affected area wiéh flood
waters reaching first floor ceilings of somé houses, Gross damages

in Rickergate were reported by the Carlisle Patriot (9.2.1822) to

be in the region of £1000. As a result of this, several subscriptions

were started to help flood-victims, and the Carlisle Patriot

appealed on the behalf of one sufferer;

“"Three pigs and a donkey belonging to poor

Hughy, the coal leader, were drowned:



We trust the benevolence of the public will
be exercised on this occasion for the sufferer

is a deserving object'.

This is the first reported case of a flood relief fund being set
up in Carlisle, and it typifies much of the responses to later

flooding.

The next serious flooding in the town occurred in the 1850's
by which time Carlisle had expanded to support a population of
26,310 (Census, 1851). The combination of this development and
large-scale flooding naturally brought a corresponding increase
in the level of flood losses. In January 1851, over 1000 acres
were reported inundated including Rickerby Holme, Stony Holume,
Willow Holme, The Swifts and the Sorceries,.as well as many houses

in Caldewgate, Willow Holme and Botcherby (Carlisle Journal, 3.1.1851).

The following year a flood of similar magnitude flooded the séme

areas of the City causing similar damage (Carlisle Patriot, 9.1.1852).

Four years later in 1856, Carlisle experienced its largest flood
on record with many areas suffering extensive damage. On this
occasion, a Relief Committee was established to distribute coal,
blankets and financial supporf to the flood victims (Carlisle

Patriot, 13.12.1856; Carlisle Journal 12.12.1856).

Flooding again occurred during February 1868 (Carlisle Patriot,

1868) and October 1874 (Carlisle Journal, 1874) when houses in

Caldewgate, Shaddongate and Warwick Road were affected. This was
the first time that flood damage was reported in Brunton Park (that
is, Warwick Road). In 1891,Carlisle was flooded on five separate

occasions, although flood levels never attained those recorded for
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1868. During the December, the flooding was particularly

persistent, inundating the lower parts of the City on the 6th,

10th, 13th and 17th (Carlisle Journal, 8th, 11th, 15th, 18th

December 1891). The following year, Caldewgate experienced a
flash flood caused by a heavy thunderstoram, which produced flood
depths sufficiently deep to stop work at Carrs Biscuit Factory

(Carlisle Journal 6.9.1892).

In November 1898, the highest floods since 1856 were
recorded in Carlisle, and all the usual areas of the City suffered

losses, particularly Caldewgate (Carlisle Journal 4.11.1898).

During the following January another flood caused more damage,

this time in the east end of the City. The Carlisle Patriot

(20.1.1899) reported damage to houses in Warwick Road, Greystone
Road, Brunton Place, Petteril Street and Botcherby, and further
inundation of the football grounds at Brunton Park. Further
floods were recorded in 1903 on three occasions, and once in 1916,
1918 and 1921. These were reported in various editions of the

Carlisle Patriot (30th January, 6th February and 9th October in

1903) and the Carlisle Journal (30th January, 9th October 1903,

Lth January 1916, 26th January 1918 and 27th December, 1921).
None of these was a major flood event, but they all caused'damage
to various parts of the City. The Petteril was particularly high
during this period and frequently inundated property in Brgnton
Park and Botcherby, while in 1916 the Eden flooded the new
electricity works in Willow Holme.. By the 1920's most of Brunton
Park and Botcherby were fully developed, while Caldewgate had
reachﬁd its peak some years earlier. Therefore, it can only be

assumed that in spite of quite frequent flooding, the development



of properties in these areas went on regardless.

The next major events occurred in December 1924 and January
1925, when a series of floods between the 27th December and 4th
January intermittently inundated the City. On the 27th all the
main Carlisle rivers were in flood and as a result Caldewgate,
Shaddongate, Willow Holme and Warwick Road were all flooded

Carlisle Journal 30.12.24). A second flood on the 30th saw the

Eden rise 15 cm higher than 3 days previously, to 6.63 m. The
same parts of the City were flooded including the electricity

station where the water was 4.27 m deep (Cumberland News 3.1.25),

On January 3rd the Eden rose again, this time to 6.96 m which
produced the largest flood for 69 years. The east end of the
City .was extensively flooded including the newer houses in
Greystone Road, Brunton Avenue, Thirlwell Gardens and Botcherby,
while the older premises in Brunton Place, Eldred Street, Tullie
Street, Short Street, Warwick Road and St. Aidenfs,Road vere

also inundated. The football grounds were again undér two metres
of water. Plate 10 shows & view near Petteril Bridge during this

flood.

The River Caldew at this time rose to its highest ever
recorded level and the resulting floods caused thousands of pounds
worth of damage. One shop keeper was reported by the Carlisle
Journal (6.1.25) to have losses of between £1500 and £2000,

Willow Holme was also severeiy flooded with many houses
{nundated to a depth of one metre. This flooding was covered

extensively by the Carlisle Journal who issued a special

flood supplement (9.1.25) depicting the whole sequence of events.

Plate 11 from this supplement shows the inundation at the new
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Plate 10, Carlisle: Flooding of Warwick Road near Petteril Bridge in

January 1925,

Plate 11, Carlisle: The new electricity works under construction
Willow Holme = flooded in January 1925,

34




Plate 12, Carlisle: Flooding of Church Street in Caldewgate in January
1925.

Plate 13, Carlisle: Flooded property in Church Street and Byron Street,
Caldewgate in January 1925,
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electricity works, still under construction, while plates 12 and

13 show the extent of the flooding in two parts of Caldewgate.

The period between 1925 and 1933 saw the recurrence of
flooding in Carlisle with increasing frequeqcy. In 1926, Carlisle

was flooded twice, and on each occasion Caldewgate suffered most

severely (Corlisle Journal, 21.9.26, 9.11.26). Flooding returned

to thé City twice in 1928 (Carlisle Journal, 17.1.28, 7.2.28) and

again in 1929 when houses in Brunton Park and the football grounds

were flooded (Carlisle Journal, 27.12+29). In January 1931, the

Brunton Park and Botcherby areas were once again inundated by

the Eden and Petteril (Cumberland News, 3.1.31). Following this

flood, some straightening work was carried out on the River
Petteril, and the part of Warwick Road extending to Botcherby

was raised, but this did not prevent another flood in November

of theAsame year. On this occasion,the River Eden rose to 6.89 m
which caused flooding similar in magnitude to the event in 1903
and 1924, Extensive flood damage was reported in Brunton Park,
but fortunately for the residents of Caldewgate, the peak flows
from the Caldew passed through the river system two hours ahead
of the Eden peék. However, even this did not prevent substantial
flooding in Caldewgate, Shaddongate and Willow Holme. Plate 14,

taken from the Cumberland News (7.11.31) shows various flood

scenes in Warwick Road, Caldewgate and Botcherby.

After 1931, there were a series of floods which caused
little more than superficial damage. These included the events
of December 1932, January and February 1933, as well as those of

March 1941 and January 1947, reported by the Carlisle Journal

(20.12.32, 6.1.33, 3.2.33, 7.3.41, 18.1.47) and the Cumberland



News (17.147). Many of these events flooded parts of Warwick
Road and the football pitches, but only the 1947 flood caused

any real concern. October.1954 brought the worst flooding since
the early 1930's and inundated all the usual lower parts of the
City. It is significant that the Willow Holme Industrial Estate
was promoted at this time, just when the area was under one metre

of water (Cumberland News, 22.10.54, 3.12.54%; Carlisle Journal,

19.10.54, 22.10.54). The only other flood of note before 1968
occurred in 1964 and was similar in magnitude to the October

1954 event (Cumberland News, 11.12.64).

In conclusion, there is a long record of flooding in Carlisle
dafing from the late eighteenth century to the present day. There
have been several very large floods during this period, notably
those of 1822, 1856, 1925 and 1968, but neither these, nor the
smaller more frequent events appear to have had any significant
effect on the City builders or dévelopers. Since the very early
days of development'at the end of the eighteenth céntury, Carlisle
has gradually spread onto the surrounding flood plains with a
total disregard for the consequences. As a result, the flood
problem has increased, and flood losses have continued to rise,
not because of any hydrological reason, but because of the
occupation of flood prone land. The selection of Willow Holme
as a site for major industrial development, and the planned
residential estate next to the Petteril indicates that the
Authorities still do not consider tﬁe implications of the flood
hazard. Admittedly, since 1968 some alleviation work has been
undertaken in the City but this only provides protection up to

limited design standards (see chapter six).
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Plate 14,
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Flooding November 1931, (1) Warwick Road under water despite being raised by
over one metre earlier in the year., (2) Botcherby. (3) and (4) Warwick Road
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A second feature to emerge from this consideration of the
flood record at Carlisle is the variability of flooding within
the City. For instance, a high flowing River Eden does not
necessarily entail extensive flooding throughout the City, for
a great deal will depend on the hydrology of the two tributaries,
the Caldew and Petteril. Caldewgate is prone to flooding
primarily from the River Caldew, but if the Eden is also in full
spate, then backing-up by the tribufary can cause even more
serious flooding. Hence, in 1925 Caldewgate experienced its
worst flood ever, whereas the Eden was still fifteen centimetres
below that of 1856, Similarly, the magnitude of floods in
Brunton Park and to a certain extent Botcherbj can depend on
the relative levels of the Eden and Petteril. Thus, the extent
of flooding in Carlisle is dependent not only on thé actual flows
of the three main rivers, but also on the timing of the peak

discharges.

Appleby ¢ Historical record

Appleby has experienced more damaging floods in the past
than Carlisle, although the newspaper reports and local. records
of the events are less comprehensive than was the case for
Carlisle. The news value of a small flood in Appleby is not as
great as a small flood in Carlisle because of the relative number
of dwellings affected. However, discussions with local reéidents
in Appleby and with the Cumberland River Authority employees
would suggest that the frequency of flooding ié greater in

Appleby than Carlisle.

The earliest reference to flooding in Appleby was that of 1771



when it was reported that '"the water ran with a strong current
along Bridge Street and on the high side of Low Cross". (Garret,
1818, 22). Throughout the ﬁistory of flooding in Appleby, it was
significant that Bridge Street, the Market Place and Low Cross

wefe only inundated during the major flood events. In 1822 another
large flood inundated the town, and caused extensive damage to all
low lying areas. Bridge Street and Low Cross were again affected
with many houses, particularly those on the Sands flooded, some

up to depths of 1.75 m (Chancellor, 1954). During the Same flood

the Carlisle Patriot (9.2.1822) reported that the old Gothic

Bridge across the Eden was also damaged.

The next major event did not occur until 1856, although there
was reference to a smaller flood in 1851 which according to the

Carlisle Journal (3.1.51) caused damage to property on the Sands,

Butts, Chapel Lane and Doomgate. The 1856 flood inundated all
the low areas of the town including Bridge Street and the Market

Place. The town was again flooded in 1868 and 1874 (Cumberland

and Westmorland Herald, 28.1.1868, 31.10.1874). On both of these

occasions the flood levels were only high enough to inundate
the cellars of the property along Bridge Street. The most damage

was caused on the Sands, Butts, the Vicars Croft and Chapel Lane.

In the 1880's and 1890's Appleby experienced a series of flood

events (Whitehead papers). In 1883,the Cumberland and Westmorland

Hersld (30.1.1883) reported 'the largest flood for nearly thirty
years' which inundated the lower parts of the town. The Sands,
Butts, and Chapel Street were also flooded in 1891, 1892, 1894,
1895 and 1896 (Cumberland and Westmorland Herald, 15.12.1891,

19,.11.1895, 13.10.96; Carlisle Journal, 6.9.1892; and the Whitehead
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papers). In 1899 Appleby suffered from two larger events, and

the Cumberland and Westmorland Herald (28.1.99) reported that

water in Bridge Street was several centimetres deep, and houses
and shops in the Sands and Chapel Street were inundated to a

depth of one metre.

In 1903 (Cumberland and Westmorland Herald, 31.1.03) and

1916 (Carlisle Journal, 4.1.16)flood damages were again reported
along the Sands and Chapel Street. In 1924-25, Appleby experienced
another large flood, althgugh on this occasion water levels were
not high enough to affect the property on Bridge Street. The

Cumberland and Westmorland Herald (3.1.25) however, described the

flooding on the Sands from Burnes Garage fo the south of Bongate,
which inundated all the intervening shops and houses apart from
the Co-operative which is slightly elevated. The houses in both
Chapel Street and Holme Street were also flooded. Three years
later there was an even larger flood in the town with water over
two metres deep on parts of the Sands (Whitehead papers). Both
Bridge Street and the Low Cross market area were flooded and the
property on the Sands, Chapel Street and Holme Street suffered

considerable damage. E

Smaller floods occurred in 1929 (Cumberland and Westmorland

Herald, 16.11.29) twice in 1930 (Whitehead papers) and again in 1931

Cumberland News, 7.11.31). In 1947 the town suffered frqm‘flooding
on two occasions, the January event being the largest for many years.
This flood inundated over 100 houses along the Sands, Chapel Street,
Holme Street, Doomgate and Low Wiend, as well as St. Lawrences
Church, the cricket pitch, football pitch and bowling green

(Cumberland and Westmorland Herald, 18.147). Chapel Street the
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Sands and the Buttsvwere flooded again seven years later

(Cumberland and Westmorland Herald, 4.12,54), while a larger
flood in 1964 caused more extensive damage to all the usual aréas
in the town. Plate 20 shows the flooding of the Sands at this

time. In 1964,the structure of the Jubilee Bridge was twisted

by the high flood flows (Cumberland and Westmorland Herald, 12.12.64)

and further weakening occurred the following year when a violent
thunderstorm, which produced 76.5 mm of rain, caused flash flooding
in the town (Whitehead papers). The Jubilee Bridge was finally

destroyed in March 1968.

In conclusion, the flood problem at Appleby has existed
for many years and given more comprehensive records would show
an even longer history than Carlisle. Unlike Carlisle, Appleby
did not experience the rapid devélopment during the nineteenth
century and only Chapel Street and Holme added significantly to
the problems of flooding. The basic pattern of lower parts of
the town were established long before this, and hence given this
later evidence, it is reasonable to assume that flooding has
always been a constantly recurring probleﬁ in the town. The
hydrological asbects of the flooding at Appleby are also fairly
straight forward with only one river to consider. However, the
situation of the town means that flood waters, during particularly
high floods, tend to meet at the Market Place with water flowing
from both sides within the river meander. In general,thé floods
in Appleby are usually of short duration, rising to a peak in less

than six hours and receding in two to three hours.
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Assessment of the flood risk in Carlisle and Appleby

In an assessment of the flood risk in Carlisle and Appleby
several hydrological characteristicé are quite similar while others
illustrate the differences between upland aqd lowland flooding.
For example, the frequency of flooding is very high in both towns
according to the data collected from newspapers and other local
records. The floods in Carlisle and Appleby between 1800 and 1970
have been ranked according to the approximate extent of flooding
in the two settlements (tables 5-9 and 5-10). In Carlisle, the
recurrence interval for flooding affecting the Lower Holmes of
the City is once every 3.5 years, while in Appleby floods

occur just as frequently, although
missing data has prohibited a full evaluation of these non-

damaging floods in the City.

The historical data would indicate that major floods occur
more frequently in Appleby than Carlisle. In Appleby, since 1815,
there have been five very large floods in 1822, 1856, 1899, 1928
and 1968, which wpuld suggest a recurrence interval of once every
31.2 years. Carlisle, on the other hand, has only experienced
four major floods during this period, the largest in 1856 followed
by three floods of equal magnitude in 1822, 1925 and 1968, at a
frequency of once every 42.75 years. Clearly, the probability of

a major event occurring is greater in Appleby than Carlisle.

In Carlisle, the first four classes of flooding in table 5-9,
which included the fifteen largest floods since 1800, invariably
caused extensive damage throughout the City. Floods of this

wagnitude may be expected to recur on average once every 11.4 years.
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Table 5-9 Magnitude of flooding in Carlisle (1800-1970)

Major floods (known) since 1800. Ranked according to the

. approximate extent of flooding in the City.

No. of floods Recurrence Interval

1 1856 1 171 years
2 1822, 1925, 1968 ‘ 3 42.75 years
3 :gggz 1852, 1874, 1903, 1924 6 17.1 years
& 1809, 1815, 1868, 1899, 1924 5 1.4 years
5 1851, 1891, 1891, 1891, 1892, 1% 5.9A years

1903, 1914, 1916, 1918, 1921,

1926, 1929, 1933, 1947.
6 1891, 1891, 1896, 1898, 1903 20 A

1914, 1926, 1928, 1928, 1929 3+49 years

1930, 1931, 1932, 1933, 1941,

1954, 1954, 1954, 1954, 1964,
Recurrence Interval = Tr =n + 1

m

n = Yyears
m = magnitude

>

Total number of floods = 49

Years of record = 170



_ 335
The fifth ranked floods have generally produced more localised
flooding, while the sixth resulted in little more than superficial
damage and inconvenience. 1In Applebj; all the floodsranked in |
table 5-10 caused some damage in the town, although by far the
greatest losses resulted from the top two catégories. Quite
serious flooding, therefore, may be expected once every 8.5 years
and floods which cause some damage once every 4.22 years. Thus;
the frequency of damaging floods is much greater in Appleby than

Carlisle.,

These figures compare favourably with the estimates of
flood probabilities made by the Cumbrian River Authority. For
instance, the revised estimate of the return period for the 1968
flood was once every 38.5 years (Cumberland River Authority records
1975) which compared.to once every 42.75 years from the historical
records. Thus, the probability of such a flood occurring in any
one year would be approximately 0.025. The official estimates of
flood frequencies in Appleby also compared favourably for the
larger floods, 30.6 years by the River-Autbority and 31.2 years
from the historical survey. However, these calculations made by
the River Authoriiy were not undertaken until early 1975, before
which the return periods for such floods were considered to be
much greater. For example, at one time the return period for the
1968 magnitude of flooding was thought to be once every sixty
years, or even once every one hundred years (Cumberland River
Authority records, 1968). Calculations on flood frequencies
based entirely on catchment characteristics suggested that these
earlier estimates of recurrence intervals may be correct. However,
this theoretical technique was thought to be less reliable than

actual historical records. (For full details of these calculations,
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Table 5-10 Magnitude of flooding in Appleby (1815-1970)

Major floods (known) since

of flooding in the town.
1 1822, 1856, 1899, 1928,

2 1815, 1868, 1883, 1892,
1924, 1925, 1928, 1930,
1947, 1964, 1965.

3 1851, 1874, 1891, 1891,
1894, 1895, 1896, 1903,
1924, 1928, 1929, 1931,
1954, 1954, 1954, 195k,

Recurrence Interval = Tr

-}
]

yYears of record

magnitude

Total number of floods =

Years of record

1815. Ranked according to the extent

No. of floods Recurrence Interval

1968 S 31.2 years

1

13;3: 13 8.67 years

1891

1926: 19 4,22 years

1947,

= n+ 1

a

37
155
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based on a technique proposed in the Flood Studies Report, 1975,

see Appendix IV).

Despite the differences in floéd frequencies both settlements
experienced flooding at the same time of the year. Flooding of the
two towns appears to be a winter phenomenon, with ninety-two
percent of the floods in Carlisle and eighty-nine percent in
Appleby occurring between October and March (figure 5-1). In>fact,
over half the floods since 1800 have occurred in December and
January, fifty-five percent in Carlisle and fifty-seven percent in
Appleby. The few floods which have occurred during the summer
months were primarily the result of exceptionally intense

thunderstorms causing flash flooding.

There does not appear t§ be any significant link between the
seasonality of flooding and flood magnitudes except that the major
events usually occurred between January and March. Fer instance,
in Carlisle the four major floods occurred in December, January,
February, and March, while in Appleby two occurred in January and
one each in December, February and March. These larger floods in
January to March may reflect a degree of snow melt, which can
significantly increase the magnitude of flooding. Howeve;, this

has been recorded only for the events of 1925, 1947 and 1968.

Other differences between the flood problems of Carlisle
and Appleby were found in the hydrological features of duration
and velocity of flood waters. At Aﬁpleby,the flooding is
normally of short auration but of relatively high velocity as
flood waters virtually sweep through the town. The River Eden,

at this point, can rise from normal levels to peak discharge and
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fall back to normal again within eight to twelve hours. A flood
such as this can cause considerable damage by sweeping rapidl&
through the town. Plate 7 shows how a car has been carried along
the Sands and dumped on the river bank. At Carlisle, the flooding
is a slower more prolonged affair. Flood waters often take‘many
hours to rise and gradually spread over the wider flood plain
areas, where the water may remain for up to twelve hours before
receding. In this respect,Carlisle and Appleby typify the flood

characteristics of lowland and upland flooding respectively.

Apart from the hydrological differences, the major conclusion
to emerge from the historical flood review was the contrasting ways
in which the flood problem has developed at the two sites. In
Carlisle, the flood problem was created almost entirély during the
nineteenth and early twentieth centuries by the rapid development
of flood plain properties. This intensive urbanisation process
continually aggravated the flood problem and has caused a general
rise in flood losses throughout the period. The process has even
continued to the present day, although at a much slower rate, with
the promotion of the Willow Holme Industrial Estate and the
planned estate at Ravens Nook. In Appleby, the flood problem is a
remnant of pre-Industrial Revolution. Britain, since the tdwn has
changed very little in form for several hundred years. Only Chapel
Street and Holme Street houses have added significantly to the
flood problem in the last 150 years. Any new development has been
away from the flood prone areas such as the old peoples estate at

Scattergate.

Thus many differences exist between the flood hazard at

Carlisle and the hazard at Appleby. The following chapter examines
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these differences with respect to how the various responsible

authorities have responded to the problenm,



CHAPTER SIX

THE AUTHORITARIAN RESPONSE TO THE FLOOD HAZARD



Introduction

The official responsibility for &alleviating flooding in
England and Wales lies with the River Authorities (now the Regional
Water Authorities) and the local councils in the areas where the
flooding occurs. It is the combined policies of these organisations
which provide the basis of the authoritarian response to the flood
hazard. While there are numerous constraints on both these
authorities, not least being the economic restrictions, they are
legally obliged to review the flood vroblem regularly and if
necessary to implement measures to alleviate the hazard. However,
whcreas Local Authorities are responsible for the whole of their
area, the River Authorities are only officially responsible for

designated main rivers.

Other official bodies, for example the police force or.fire‘
brigade, may play an active short-term role in flood alleviation
programnme, Sut are rarely called on to implement such policies.

For instance, the police are normally requested to participate in
the operation of flood forecasting and warning schemes by
dissemination of the warning message to the flood plain population,
put are seldom required to evaluate the probability of flooding.
Voluntary organisations, such as the Womens' Royal Voluntary
Service are not usually concerned with either the implementation
or the running of flood alleviation programmes, although they

frequently provide valuable assistance during an actual flood.

The strategic response to the flood hazard, therefore, is
essentially a product of the combined policies of the Local Authority
and the River Authority. This chapter examines the official response

to the flood hazard in Cumbria based on the historical record of
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flooding described in the previous chapter, Firstly, the chapter
considers the general response of Local Authorities and the |
Cumberland River Authority (in places the Lancashire River Authority)
to the various flood problems throughout the county. Secondly,

the authoritarian adjustments to the flood hazard in Carlisle and
Appleby are examined. This includes not only the historical
development of the present flood alleviation.schemes, but algo’

the proposals for future schemes in the two communities. In this

way the overall efficiency of the authoritarian response is

reviewed.



344
(A) Cumbria

In spite of the great variation in the hydrological
characteristics of flooding throughout Cumbria and the different
Local Authorities involved, the authoriterian response to the
flood hazard has been remarkably narrow. There are essentially
only three types of alleviation scheme to be found in the county,
apart from the more negative non-structural measures of accepting

the loss or maintaining public relief funds. These are:
(i) the construction of flood embankments.

(ii) channel improvements such as canalisation

and straightening.
(iii) flood forecasting and warning schemes.

Thus, despite the wide range of structural and non-strﬁctural
alleviation schemes avaiiable (described in chapter one) very few
schemes have been tried in Cumbria. Although many of these
adjustments would be unsuitable on physical or economic grounds,
others would probably have proved feasible alternatives to those
jomplemented. However, in general the attempt to alleviate the
flooding in Cumbria has been a piecemeal approach to individual.
flood problems, rather than a comprehensive flood alleviation
programme. It is only in recent years that some degree of overall
flood plain planning has been considered., This is a trendAwhich
has developed along with the techniéal advances made in flood

forecasting and warning systems.

A second factor, common throughout Cumbria, as in much of

the world, is the way that authoritarian response invariably
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follows immediately after a flood event. In general, the greater
the flocd the greater is the response by thg authorities to the
hazard. The response by the Cumberland River Authority and the‘
various Local Authorities in Cumbria show that inadequate attention
has been given to these aspects of the flood problem. Also the
lack of co-operation between the various authorities has clearly
made flood alleviation a bigger problem. This was illustrated in
chapter five with the expansion of settlements into known flood

hazard areas.

In Cumbria, much of the responsibility for the failure to
control flooding, at least during the 1950's and 1960's, must be
attributed to the River Authority (originally fhe River Board),
During this period the River Authority repeatedly stated that.gg
flood problem existed in Cumberland. For instance, in 1962 the

Engineer (Cumberland River Authority records, 1962) stated:

“"The Cumberland River Board are peculiar in

not having a great flood risk, and in fact

it is many years since there was any flooding
of urban areas. In consequence my Board have
not considered the problem to be a very serious

one here,"

(Letter to Ministry of Agriculture Fisheries and Food

14,6.62).

Examples of this general lack of concern by the River Authority
can be found throughout the county in spite of directives from
several Government Ministries encouraging the close liaison between

River Authorities and Local Authorities (see chapter three).
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During the 1960's several councils approached the River

Authority for help on matters relating to flooding. For instance,
the Ennerdale Rural District Council required inférmation on the
safety of a new housing estate in Egremont. The somewhat terse
reply from the River Board suggested that this was the responsibility
of the District Councils own consultants (Cumberland River Authority
records, February 1964). 1In 1961 the Whitehaven . Borough Council
requested advice over repairs to a surface water culvert, but also
received no help (Cumbe?land River Authority records, November 1961).
In the same year, the Penrith Urban District Council required
information on #the probability of flooding to a new industrial
estate, and were told that this was of no concern to the River

Board because flooding would not be caused by a designated main

rivér (Cumberland River Authority records, August 1961).

Thus, during the early 1960's it would appear that some Local
Authorities in Cumbria were becoming increasingly aware of the
flood hazard and saw the need t6 congider the problem in relation
to urban development. Unfortunately, at this time the Cumberland
River Board remained unwilling to acéept any responsibility for
flooding, even iﬁ an advisory capacity, and continued to advance
the view that no real flood problem existed within its area. This
belief is clearly disproved by the historical evidence of flooding

outlined in the previous chapter.

By the mid 1960's, after flooding had occurred in Carlisle
in 1964, the River Board showed greater concern over flood problems.
For instance, following the severe flooding of the Upper Derwent
Valleys in September 1960, the Cumberland River Board agreed to

join a meeting to discuss the flood problem with the National Trust,
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which owns large areas of Borrowdale, and the Borrowdale Parish
Council, The Council wanted the designated main river extended
one mile upstream so that help could bé obtained with alleviation
schemes for several small villages. Although this meeting failed
to produce any positive action,it was indicative of the role the

Cumberland River Authority were to play during the following years.

Authoritarian response to the flood hazard : Case studies

Borrowdale

After the 1966 meeting, there were further calls for a flood
alleviation programme in Borrowdale in 1967 and 1973 following
more flooding. A flood forecasting and warning scheme was
considered for the area but was found to be impractical,because
the e*tremely flashy nature of the streams would leave insufficient
time to disseminate any warning message. Field (1974) calculated
that for Mountain View the maximum river lag time would be twenty-
three minutes and considerably less from other parts of the
catchment., Map 6=1 illustrates the estimated peak flow times
for Seathwaite, Honister and Mountain View in Borrowdale. Clearly
with these flow times a flood warning scheme would not be feasible,
and hence because of the added economic restrictions of implementing
any structural measure, no adjustment has beéu made by the
authorities to the flood hazard in Borrowdale. Figures 6-1 and 6-2.

show the response rates of the River Derwent to two storm events.

Kendal

The town of Kendal has a long history of flooding and it is
only recently that any major scheme has been implemented in the

town to alleviate the problem. The present scheme consists of an
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extensive channel system throughout the built up area. Although
constructed with concrete and stone, the banks have been successfully
designed to blend with the surroundihg landscape. This work wag
originally proposed by the Lancashire River Authority in 1970 and,
according to the design standards of the proﬁect,should significantly

reduce the incidence of damage producing floods.

Langdale Valley

Another responsibility of the Lancashire River Authority was
the Great Langdales Valley which used to suffer sévere flash
flooding. Flood alleviation works in the valley were undertaken
as early as the 1950's, which included the straightening,
regularising and dredging of the upland stream. In this way
several small settlements in the valley have been protected at

least from smaller floods.

Keswick
AcsSWith

Keswick also has a very long record of flooding but has
still not received adequate protection from a full alleviation
programme. Flood banks were constructed at the Bullfield area
of the town early in the 1930's, to protect the main Carlisle Road
and some new residential property. However, Hudleston (1935)
believed that these banks had in fact increased flood levels by
0.6 metres,‘because by raising the banks the greater cross-
sectional area of the channel had encouraged further deposition
on the stream bed. In turn, Hudleston suggested that this would
lead to higher flood levels and larger flood banks. To solve this

problem he suggested the construction of a flood relief channel
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to be used when the main channel became over charged. However,
no such scheme was forthcoming, and the authorities continued fo

solve' the Keswick flood problems as and when they arose.

In 1939, the KeswickbUrban District Council put forward
further suggestions for alleviating the flooéing in the town.
For instance, it was suggested by the council to the Clerk of the
Catchment that the water level of Lake Thirlmere should be
maintained one metre below the sill during winter months to allow
a degree of flood storage in the system (Cumberland River Authority
records, March 1933). Nevertheless, the principal aim of the
reservoir is water supply and this has generally been adhered to.
Large flows of water have ﬁeen reported over the spillways in
October 1954 and sgain in October 1260 (Cumberland River Authority

records 1954, 1960).

Cockermouth

The authoritarian response to the flood hazard in Cockermouth
clearly illustrates the changing views towards the flood problem

in recent years. In 1933, the Carlisle Journal (3.2.33) reported

that discussions were teking place on a proposed flood alleviation
project for Cockermouth following several floods during the
preceding years. However, nothing was accomplished to alter the
flood problem, and the town was inundated again in 1938. In 1936,
the stream at Derwent Bridge had been widened and two new a?chways
constructed in the bridge to accommodate high flows and thﬁs
prevent backing-up of flood waters. This work had little effect
on the 1938 flood when both the River Derwent and the River Cocker

were in full spate. Map 5~13 shows the extent of this flood in
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the town. Following the flood,the local council constructed
several embankments to try and prevent flooding in the Goat area

of the town.

In 1954, following more flooding in Cocgermouth, further
discussions took place between the Cumberland County Council, the
County Surveyor and Bridgemaster, and the Cumberland River Board.
On this occasion it was suggested that the lowering of the outlet
of Bassenthwaite Lake would alleviate the flood problem in
Cockermouth. However, the River Board pointed out that this had
been done in the past but had since silted up and there were no
immediate plans for the future (Cumberland River Authority

records, December 1954).

The lower parts of the town were flooded again in 1960, when
the Fitz weir was destroyed. This was b§1ieved to have aggravated
f1lood levels by backing up the waters, although the effect would
be relatively insignificant during a major flood,such as occurred
in 1933. However, a further small flood occurred in the Geat area

of the town in 1968 when the flood embankments were breached.

In the 19?6‘5 the attitudes of the two responsible authorities
in Cockermouth had changed significantly. The Cumberland River
Authority proposed a flood warning scheme for the town in 1971,
but was forced to delay these plans due to the attitudes of the
Cockermouth Urban District Council. The Cockermouth Council
would not commit itself to any expe;diture towards the scheme,
because it believed the probability of flooding from rivers to be
too remote (Cockermouth Flood Warning Scheme - Cumberland River

Authority, Engineers Report, 24.8.72). Because of this delay, the



scheme was postponed for two years,by which time the estimated
costs had risen to over £10,000. However,by 1974 a flood
forecasting and warning scheme was operating for Cockermouth

based essentially on river flows of the Derwent and Cocker.

Before 1974, Cockermouth had experienced many floods which
had produced only a minimal response from the authorities. Any
remedial action was usually small scale and dealt with the problem
in one particular part of the town. It was not until the introduction
of the flood warning scheme that any more general alleviation
policy was proposed. Although this scheme will do nothing to
reduce the physical characteristics of the flooding, efficient
action can reduce flood losses. The weaknesses of such a scheme
have been disqussed in chapter three. One significant aspect of
the Cockermouth scheme, however, is that it has been proposed and
implemented at a time when the last major flood in the town occurred
nearly thirty years previously. This is unusual since most
alleviation schemes are implemented immediately following a

flood event.
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(B) The Authoriterian response in Carlisle and Appleby

The responses of the Cumberland»River Authority and the Local
Authorities to the flood problems in Carlisle and Appleby were

examined in several ways:

(i) as detailed examples of different

authoritarian adjustments to the hazard.

(ii) as a means of assessing the efficiency

of certain authoritarian responses.

(iii) through an analysis of the development
of particular schemes as a means of
indicating the important factors

influencing authoritarian response.
The two settlements also provided the contrast between authoritarian
responses in upland and lowland flood environments.
Carlisle

In Carlisle the authoritarian response to the flood hazard
can be divided into two totally different periods - the response

before 1968, and the response following the 1968 flooding.

(i) The authoritarian response before 1968

The alleviation schemes currently employed in Carlisle are
the culmination of many years flood experience and the result of
various adjustments made in the City to the flood hazard. Never-
theless, the development of the authoritarian measures at least

until 1968, consisted of piecemeal attempts to control local
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flooding in various parts of the City,

The earliest recorded response to flooding in Carlisle was in
1809 and again in 1822, when subscription funds were started by

‘young ladies' for aiding the flood victims in those years

(Carlisle Journal 23.91809, Carlisle Patriot, 9.12.1822). However,

these relief funds were not strictly authoritarian responses, but
really the philanthropic gesture of the upper classes to the

poorer sector who suffered in the Caldewgate area of the City.

The first evidence of authoritarian response fo the flood
hazard was small embankments constructed at Rickergate, sometime

prior to 1851. These were reported by the Carlisle Journal

(31.1.1851) and the Carlisle Patriot (13.12.1856) to have saved the

Rickergate area from extensive flooding in both 1851 and 1856.
Also in 1856, another relief fund was set up, this time on a more
official basis and was run by a Committee of 'responsible' persons
in the City. On this occasion relief to the flood victims
amounted to 8 cwt of coal, 36 blankets and £70 which was

distributed to over 200 families.

In the second half of the nineteenth century, the Cify
Authorities showed greater concern for the now frequent flood
problem in various parts of the city. However, the attitude
prevailed that the flocods should be controlled,rather than that
further development of these low lying areas should be prevénted.
For example, in 1861 the City Surveyér made a report to the Lozal
Board of Health on the problem of flooding in certain parts of
Carlisle (Gordon, 1861). This report noted three particular areacs

of flooding, Caldewgate, Water Street and Botchergate.
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In Caldewgate, the report referred to the construction of
embankments at Willow Holme and the use of sluice gates on the
River Caldew as it flowed through the land owned by the brewery;
The Surveyor could not see any material improvements which could
be made to this system to prevent future flodding. Suggestions,
though, were made for the culverting of Dow Beck, or even for
enclosing the stream completely in an underground sewer, becauéé
during dry weather over one third of the flow was sewerage.

While these measures failed to eliminate the flooding in Caldewgaté
and Willow Holme, at least some attention was being devoted to the

problem as early as 1861.

In the second area, Water Street, the City Surveyor could see
no immediate remedy for the flooding because county magistrates
had refused permission for the gsol culvert to be incorporated into
a nev system, which was essential for the alleviation of flooding

in the area. Of the third area, Botchergate, the report added:

"This District is the only remaining one
amongst those liable to flood, besides

those already reported, that can be
relieved, if not entirely cured of the
inconvenience of flooding at a cost
compatible with the improvement of the
system of sewers carried out so as to make
fhem available for extraordinary storms
without materially interfering with existing

arrangements."

(Carlisle Sewerage Report, 29.10.1861).



Thus, even in 1861 consideration was given to improvements in
the City sewer system to cope with extraordinary storms and hence

reduce the flood risk.

By the end of the nineteenth century, the City Authorities
were more appreciative of the frequency of the flood hazard. For

example, it was reported in the Carlisle Patriot (20.1.1899) that

flooding on both sides of the Petteril Bridge was a recurrent problem
seen once every ten to fifteen years. Early in the twentieth
century several large embankments had been completed around Bitts
Park and the Sorceries, probably as a result of the relative success
of similar structures in Rickergate. The two mew embankments,
Mayor's Drive and Weavers Bank were reported by the Carlisle

Journal (30.1.03) to have reduced the extent of flooding in the

City énd to have removed the possibility of flooding in Bitts Park
and the Sorceries, as they were in the 'great floods of former
days'. While this was not strictly accurate, the apparent success
of the measure promoted similar structures at Sheepmount and

Willow Holme. At the turn of the century, therefore, there is

ample evidence to suggest that the flood problem was being

treated seriously by the Carlisle Authorities.

Further response to the flood hazard by the authorities occﬁrred
in 1931 following flooding in the January of that year. During the
year, the authorities widened the river channel at Petteril Bridge
~ and straightened part of the river course. At the same time the
height of Warwick Road was raised one metre from the Bridgebto the
Star Inn at Botcherby to prevent flooding of the road (Cumberland

News 17.1031). Unfortunately, these measures were soon discovered

to be grossly inadequate, for in November of the same year the

358
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vhole area was again flooded including the raised part of Warwick

Road (plate 14, Cumberland News 7.11.31).

This piecemeal approach to the Carlisle flood problem continued
until 1968, particularly during the 1950's and 1960's when the
Civic Authorities and the River Board paid little attention to
the hszard. For example, in 1954 following a series of petitions
from Carlisle residents, the Engineer of the River Board statea
that the River Eden had already been lowered by over one metre,
which had increased the channel flow by twenty-five percent,
which he concluded must reduce flood peaks to some extent

(Carlisle Journal, 29.10.54). The City Authorities also provided

little help or compensation and were reluctant to accept any

responsibility for the flooding. The Carlisle Journal (22.10.54)

reported:

“"As to who is responsible for the flooding
itself, a City Councillor told me yesterday
th#t it was suggested at a special meeting
of the City Council on Tuesday morning that
the ﬁill might be sent to Mr., Eisenhower or
Mr. Malenkov - or to any person who had been

exploding hydrogen bombs recently,"

The general lack of authoritarian concern for the flood
hazard persisted until the late 1960's despite the quite sérious
flooding in 1964. For example, the Willow Holme Industrial Estate
was developed at this time by the Civic Authorifies in a area
known to be prone to flooding. In fact, the area was inundated
in both 1954 and 1964, The Cumberland River Board also ignored

the hazard, and in 1961 was the only authority not to attend the



first conference on flood warning schemes held by the Ministry

of Agriculture Fisheries and Food. In a written reply to the
Ministry's invitation,the Engineer of the River Board stated;

"My Board feel that no useful purpose would be served by my
attending as there is little flood danger in this area where
warnings would be possible or useful" (Cumberland River Authority
records, April 1961). By 1963, the»River Board appeared to acéept
that parts of Carlisle were subject to infrequent flooding (Response
to Ministry of Agriculture, Fisheri;s and Food questionnaire on
flooding, 14.6.62) although it was stressed that this was

strictly under control. The Engineer's Report (Cumberland River
Authority records, September 1963) made it clear that the River
Board could cope with the problem without the need for the new

flood warning instruments which were being developed at the time.

"Upstream river levels will give adequate warning
of possible flooding in Carlisle and this would
be partly the case in flooding from the Caldew
and the Petteril. But in Carlisle flooding from
the river is not extensive and in the past a close
watch on local river levels has proved quite
sufficient for everyone concerned to be warned.
On the balance it is felt that flooding of a
serious proportion within this area which
would cause material damage is comparatively
rare and has been reduced by channel improvements.
Therefore any elaborate flood warning system is

not really necessary."

(Engineers report, 10.9.63).

360
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In 1963, therefeore, the Cumberland River Board clearly

underestimated the flood risk in Carlisle and failed to
appreciste the future potential of flood forecasting and

warning schemes in reducing flood losses.

In November 1963, the River Caldew inundated the Industrial
Estate at Willow Holme and Denton Holme, which produced a response
from the River Board in the form of emergency work on the Caldew
at a cost of £1860 (Cumberland River Authority records, December
1963). However, despite further flooding throughout Carlisle in
1964, the River Board still denied there was a flood problem in
the City. The River Board_believed that work on the Eden between
1947 and 1952 which cost £200,000 *( primarily on reducing the
channel level) would control the flooding. The authorities,
‘therefore, appeared totally to_-ignore the smaller floods since
the early 1950's and the River Board paid little attention to
circulars from the Ministry of Agriculture, Fisheries and Food
to review the problem. This situation, however, could not remain

and the major flooding in March 1968 completely reversed all

previous policies and views of the various authorities.

The situation in Carlisle in 1968 was probably the mo;t
critical ever as far as flooding was conceruned, for never beforé
had so much property been exposed to the dangers of flooding with
little or no protection. All previous warnings had been ignored,
including several small flood events, petitions from local
residents and circulars from the Ministry. The Civiec Authérities
had even continued the process of floéd Plain encroachment by
establishing the Industrial Estate at Willow Holme. On previous

occasions when large floods had inundated the City, the same areas
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were flooded but there was less property at risk from flooding.

The 1968 flood caused extensive damage throughout the City
and brought widespread criticism from a variety of quarters.
The Ministry of Agriculture, Fisheries and Food, for example,
accused the River Authority of 'Leaving the.back door open' with
respect to the Caldew flooding Willow Holme (Cumberland River
Authority records, April 1968). There were also many complain£s
from residents in Brunton Park and Botcherby areas which involved
the local M.P. However, it was this major flood event which
finally stimulated a more effective response from the Local

Authorities.

(ii) The authoritarian response to the flood hazard since 1968

Following the serious flooding of March 1968, two separate
alleviation schemes have been implemented in Carlisle. The first,
a structurél measure, was constructed by the Civic Authorities,
and consists of a system of flood embankments throughout the
City, designed to restrict fiood water to an artificially defined
flood plain. The second scheme was installed by the Cumberland
River Authority and provides forecasts and warnings of impending

floods.

(a) The structural scheme:

The structural scheme employed'in Carlisle was essentially
an extension of the existing measures in the City, which had
been constructed seventy years earlier. The new scheme incorporated

the 0ld flood banks into a more comprehensive emﬁankment system
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Plate 15, Carlisle: Eden Bridge with the cricket ground to the left,

Plate 16, Carlisle: Part of the flood embankment scheme on the Sauceries,
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throughout the City. New banks were built from the railway

banking in the west of Willow Holme, round to the railway bridge,
then across the Caldew to link up with the o0ld banks on Bitts

Park. Plate 16 shows a part of this original system at Bitts Park,
on which the new structures were modelled. Other banks were
created in the extreme east of the City, extending from Low
Durranhill, along the backs of the housing.in Warwick Road, across
the northern side of Brunton Park football ground, round the_end

of St. Aidan's Road, to meet the 0ld system at the Swifts. The
complete extent of the embankments in Carlisle is shown on map 6-2
The system was designed to withstand flooding up to a magnitude

of the one in one hundred year event, which required the tops of
the embankments to be constructed approximately 14.34 m above

sea level. This would allow 30 cm freeboard for a flood the size
of the 1968 event (Cumberland River Authority records, August 1969).
However, following the reassessment of the return periods and
magnitude of flooding in Carlisle (Field, 1974) the level of
protection offered by the banks may be considerably lower thanb

was anticipated at first.

Further structural refinements included the culverting and
redirecting of the Litile Caldew back to its former course
through Willow Holme. The river banks were also strengthened,
and a non-return valve was placed on the outlet of the Little
Caldew to érevent water backing-up and flooding Willow Holme. 1In
1968 the Industrial Estate had been-inundated due to several factors
which these refinements were designed to prevént. For instance,

the Little Caldew, which had been directed into the Caldew broke

through a sluice vhich had been damaged since 1963 and added to
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the flooding of Willow Holme. A wall alongside the G.P.O,

building had not been completed and water backing~up the Caldew
rushed through this breach. However, since'the water eventually
over topped this wall, it was not considered a prime cause of

the flooding (Circular from the Engineer of the Cumberland River

Authority to industries on Willow Holme, 11.3.69).

By 1969, therefore, the first stage of the structural schéme
had been completed in Caldewgate and Willow Holme at a cost of
£10,000 (Cumberland River Authority records, August 1969). The
rest of the embankment system,which provides pfotection to
essentially residential areas,was finished during the following
two years. Thus, a structural alleviation measure now operates
throughout the City, and according to the design standards offers

protection up to one percent flood probability.

The structural echeme has never been fully tested by a major
flood, although there have been several small events in 1972, 1974
and 1975, Nevertheless, on all threg occasions flood damage would
have occurred in the Warwick;Road area of the City, but for the
embankment scheme and hence the adjustment would-appear to be
effective at least against the smaller floods. For example,
the January 1975 flooding produced a peak on the Eden of 670 mj/s,
while flood levels in the previous December were even higher.
These and the 1972 flood passed safely through the City because

of the flood embankment system.

Unfortunately, this flood embankment scheme is probably not
as efficient as it would appear, and even the small floods have un-

covered some of the inherent weaknesses in the adjustment.
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Firstly, it was discovered in 1972 that the pressure of water outside
the embankments could create localised flooding inside the 'safe
areas' by the backing up of water through the sewer system., During
the 1972 flood, heavy rocks had to be placed on several man~hole
covers, two in Warwick Road by Petteril Bridge and two in Catholic
Lonning, which were being lifted by internal water pressure. It

is feasible that a larger flood would create greater pressures and
hence cause serious flooding in these areas. A further problem
resulting from differentia1 water pressure may occur with the

emall streams flowing through the embankment system. Again in

1972, Durranhill Beck in Botcherby inundated a field on the safe

side of the flood embankment. While this stream, or other small streams
are unlikely to cause any major flooding, damage could result in
particular localities if the main rivers remained high for any

length of time. This would involve the sluices in the main
embankments remaining closed and thus could cause localised

flooding by the backing up of water.

A second weakness in the flood embnakment scheme was found
in the Willow Holme area, at the sewerage works. The design
standards of the project in this area were reported by the
independent surveyors, Waterhouse and Partners, to offer protection
from floods up to forty-five centimetres above the 1968 levels.
(Cumberland River Authority records, August 1969). It was further
added that flooding of the Industrial Estate could only occuf by
jnternal rainfall. However, the weakness of the embankment systen
could endanger the whole of Willow Holme and prébably Caldewgate.,
In the event of a flood warning, the sewerage works are obliged to

block the roadway entrance to the site through the embankment with



sandbags, since this represents a gap in the structural system,
through which Willow Holme Industrial Estate could be flooded.
Essentially;this means that the sewerage works will be allowed

to flood to save the commercial property on Willow Holme.

Although this would only occur during a 1argerhflood event, which
would slready have inundated the electricity station and possibly
backed up through the sewerage works, there is a danger that |
the sandbags would be insufficient protection against very high
flocd flows. In fact, during a recent flood alert, there were

no sandbags available at the sewerage works for this purpose.

In 1975 this situation had still not been rectified, which clearly
indicates a major insecurity in the scheme (personal communication
with the manager of the sewerage works, 1975 - also see chapter

nine).

A third apparent weakness of the embankment scheme was the
calculated design standards of the structure. These estimates
were made immediately following the 1968 flooding and the safety
factor proposed was the one in.one hundred year flood. However,
the recent calculations by Field (1974) would suggest that the
1968 flood true recurrence interval is only one in forty years,
which would imply a lower safety margin of the embankment system.
These design standards also require the banks to be periodically
maintained, to preserve the level of safety, In 1969, the
Surveyors, Waterhouse and Partners, rgported that banks on the
Willow Holme area had settled twenty centimetres (Cumberland River
Authority records, August 1969). The Local Authority corrected

this shortly afterwards.

368



369

Another weakness of the scheme is the problem of returning
water to the channel system once the embankments have been
breached or overtopped. Any floodihg which occurred in this
situation would result in longer duration floods, because water
could not be returned quickly to the river system (personal

communication, Field 1973).

A final weakness in the structural scheme is one of complécency
leading to a general feeling that t?e flood problem has been .
eliminated. If this attitude is allowed to develop then no
attention will be given to such problems as the pressure'on the
sewerage system, the backing-up of water on the small streams and
the sewerage works, nor of'maintaininé the embankments. Also,
further development may take place on the flood plain putting more
propefty at risk. In the previous chapter,it was shown that
Carlisle Corporation has already proposed a new residential‘estate
next to the River Petteril. As a result the City, which will
surely flood sometime in the future, will again suffer considerable
damage. The flood embankment system, therefore, clearly needs
some further refining before it is efficient up tb the design
standards, although this should not be allowed to obscure the
problem of flooding. The flood problem in the City should be

reviewed regularly for any changes in the situation.

(b) The non-structural scheme:

In response to the serious flooding in 1968, the Cumberland
River Authority implemented a flood forecasting and warning scheme
to help reduce flood losses in Carlisle. In 1968, several parts

of the county experienced extensive flooding which culminated in



the 'Elephant and Castle Conference' of River Authority Engineers
to discuss flood forecasting and warning schemes (Cranfield
Conference, 1968). This conference undoubtedly influenced the
Cumberland River Authority inte considering such a scheme.
Further technological advances in the instrumentation also made

this measure a feasible proposition for Carlisle,

Following several meetings with the Civic Authorities and
the local police force, the Cumberland River Authority decided to
proceed with a flood forecasting and warning scheme. However,
at this time there was very little hydrological or meteorological
data available on which to base such a scheme, and hence the first
priority was to collect this basic information. Field (1974)

pointed out that there was;

(1) virtually‘no rainfall data available for

the Upper Eden.

(2) no river flow data available for the upper

Eden, and

(3) only limited data available for the middle

Eden and most of this was unreliable.

The operation of a flood forecasting scheme, therefore, required
the River Authority to establish several rainfall and river level
sites. The initial schéme was implemented in 1970, at a cést of
£9,500, 50% of which was paid by the Central Government (Field

1974) .

The scheme, implemented in 1970, operated on the basis of

interrogable rainfall and river level gauges which also incorporated
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alarm facilities for alerting the Cumberland River Authority

headquarters, Map 5-6 shows the distribution of these gauging

stations in the Eden catchment, Other gauges outside this area are
used not only to provide further hydrological and meteorological

data, but are also employed in tracing the route ‘of storms across
Cumbria, (See map 6-3 for the distribution of rainf;ll and river
level gauges in Cumbria,) The details of the operation of the Carlisle

flood forecasting and warning scheme can be found in appendix V.

Once the 1970 scheme had been operating for a few yeafs,
the system was refined on the basis of the hydrological and
meteorological information collected during this period. ‘Essentially,
it was decided that accurate forecasts of flooding in Carlisle could
be providedentirely on the basis of river level relationships, and
that the rainfall data should be used only as a general flood alert.
The river level records maintained between 1970 and 1973 showed that
a good relationship existed between upsiream flows and dovmstream
flood levels, Figures 6-3, 6-4 and 6-5 show the relationships of
peak flows between gauging stations at Appleby and Temple Sowerby,
Appleby and Armathwaite, and the Eden-Eamont confluence to Warwick
Bridge. These figures illustrate quite clearly that the relationship
between flows at the Eden-Eamont confluence and the flow at Warwick
Bridge is very good, and hence, for Carlisle it is possible to operate
an efficient flood warning system based on these relationships. While
river levels can provide a reasonable indication of flood levels At
Carlisle, & check on flows at Warwick Bridge can provide between
six and seven hours warning for the town, The floﬁs of the other
rivers, the Irthing, Caldew and Petteril are also gauged (see map

5-6) and the time of arrival of peak flowslat Carlisle estimated,
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However, as with the original systems, heavy rainfall or high river

flows will also activate alarms in the headquarters of the River

Authority. The basic operation of the scheme remains unchanged.

This sytem will probably be further revised in future years
following the incorporation of the Cumberland River Authority into
the North West Water Authority. New proposals liave already been
outlined to improve the present flood forecasting and warning
system (Lindsay, 1975). The new écheme proposes to undertake
flood warning for the whole of the area controlled by the ﬁesional
Water Authority by using two computers (one as a standby) to
interrogate and interpret data collected by rainfall and river
level gauges. The computer will be programmed to evaluate this
information in terms of the probability of flooding and,if
necessary, issue the appropriate warnings to the headquarters of
the Division where flooding is likely. As with the present
system, it is not envisaged issuing the initial warning to the
general public, but instead allowing individual engineers to make
the final assessments on the flood probability. The new system
will also be equipped with a verbal or automatic feedback.
mechanism to ensure that the relevant engineers have been alerted.
Map 6-4 shows how this proposed system will operate based on

computers in the Regional Headquarters at Warrington.

Further refinements to the present system include the use of
radio links between gauging stations and the computer, which are
more reliable than G.P.0O. lines during bad weather conditions.
Also, the Water Authority plans to provide visual display units
at the divisional headquarters which will show rainfall histograms,

river hydrographs and diagrams of the river system to assist the
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engineers in assessing the probability of flooding. Further
in the future, it is hoped to include other measurements in
the system besides rainfall and river levels, such as estimates.

of soil moisture content, air temperatures and snow depths.

The flood forecasting and warning scheme for Carlisle,
therefore, is a highly sophisticated system, which with the
technological improvements is becoming increasingly more accurate,
as well as providing greater warning times. Unfortunately, this
represents only the first stage of flood forecasting and warning
systems - the collection and interpretation of data, and the
formation of the warning message. The other two stages, dissemination
of the warning message, and response to the warning have not been
developed to the same extent as the first stage. The three parts
of flood forecasting and warning systems were discussed in detail
in chapter one and to a certain extent in chapter three. With
reference to the Carlisle scheme, dissemination of the warning
message is examined below, while response is analysed in chapters

seven, eight and nine.

In Carlisle, the responsibility for the second stage of the
flood forecasting and warning scheme lies with the local pblice
force, who undertake to notify all those in‘flood prone areas of
any impending floods. The original scheme, which was proposed
by the police and Local Authorities,was based on a ‘pyramid system'
of flood wafning. In this.system, the warning message would be
related by the police to certain prepared 'receivers! who would be
responsible for informing several neighbours of the likelihood of
flooding. The message would be passed on in this way until the

whole flood plain population was alerted to the probability of
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flooding. The official 'receivers' were volunteers from the public
in Brunton Park and Botcherby, who were willing to act as an
integral part in the dissemination of  the warning message. The-
remaining residents were prewarned of this system by leaflets

distributed by the Local Authority in 197%0.

This pyramid system of warning dissemination would be most
efficient if kept up to date by regularly reminding the residential
population of its important role in the scheme. Unfortunately,
this has never been done in Carlisle and hence this could
significantly alter the overall efficiency of the warning scheme.
For example, there has been a forty-four percent turnover in house
occupancy on the flood plain since the last flood, which meane
there are now many people in flood prone areas quite unaware of

these warning procedures (see questionnaire results - chapter seven).

A similar 'pyramid system' wae suggested for the industries
in the Willow Holme Industrial Estate., A strict procedure was
laid down for action by the police and various businesses in the
event of a flood warning. The City police were to telephone the
managing director of McKenzies Motors, who in turn would telephone
the owners or managers of three other named businesses on the
estate. These three would then be responsible for notifying four
or five other industrialists, while the police were to contact two
other businesses direct, Chickpak Ltd. and the Michelin Tyre
Company Ltd. Figure 6-6 iliustrateS‘the formal operation of the
industrial systems. A back-up facility was incorporated into the
system by the provision of several alternative phone numbers for
each business concern. The system, therefore, was organised to

cover all industries in the minimum of time,
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However, just as the residential warning dissemination
procedure has not been updaped, 50 similar problems have arisen
with the industrial system. For instance, since the scheme was
organised in 1969, many businesses have moved away from Willow
Holme altogether, such as Homerton Tyre and Rubber Company,

White Erothers Iron Founders, and the United Yeast Company. Other
busineeses have been taken over by similar companies, Thomson ana
Brown Brethers by Brown Brothers, Ribble Motors by the National Bus
Company, and S and B Commercials by Purvis Petrol. Some Companies
are new to the estate and therefore were not included in the
original warning procedure;'these included Vibroplant, Cartwright
Electronics and Geoff Bell Haulage Contractors. The efficient
operation of the pyramid system of warning is now very suspect as
a result of the turn over in industridl sites. It is to be hoped
that the police will contact all the_industries directly, both
those in Willow Holme and Caldewgate, which were omitted from-the
original plans, in the event of a flood warning. Alternatively,

the pyramid system should be revised.

Police awareness of the hazard and attention to the warning
scheme must also be questioned. During the research, interviews
at the central police station in Carlisle failed to establish
who was responsible for flood warning activities, although the
desk sergeant assumed that the duty officer would take charge of
any emergenéy. Attempts to follow up this investigation with the
chief superintendent produced no further information. It wounld
appear therefore, that even the police have failed to maintain
their part of the system. However, in an emergency, the police

would probably cope quite adequately, although it is to be hoped

381



that both ;esidents and business-men would receive sufficient

warning to undertake remedial action.

It is clear from the way in which the Carlisle flood forecasting
aﬁd warning scheme has evolved, that considergble attention has
been devoted to improving this measure of flood alleviation. The
River Authority and later the Water Authority have spent a large
amount of time and money developing a system that will provide
Carlisle with quick and accurate Qarnings of flooding. It is
unfortunate, therefore, that the procedures of disseminating the
warning mescage have not been kept up-to-date by the police,
because this must surely reduce the efficiency of the overall
system, and hence bring into question the value of investing
expensive equipment in such a scheme. The third stage of flood
forecasting and warning schemes, response to the warning message,
has received no attention in the past and hence there is no advice
to flood glain residents in Carlisle on what to do following a
flood warning. To be effective a flood forecasting and warning
scheme requires a positive response from the flood plain residents
and business-men, but this cannot be guaranteed in Carlisle because
of the lack of concern shown by the responsible Authorities. As a
result, some Carlisle residents and business-~men would undertake
highly jneffective measures in the event of a flood warning (see

chapters eight and nine).

The structural alleviation scheme in Carlisle has also received
considerable attention, and which, with certain modifications,
could be very effective in reducing flood losses. The present
authoritarian response to the flood hazard in Carlisle, therefore,

appearsto be an over reaction to the major flooding in 1968. This
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may also be the product of the complete inactivity of the

authorities in the preceding twenty years. Nevertheless, the
two schemes complement each éther admirably. The structural
scheme provides protection from the small more frequent flood
events, while the non-structural measure,if efficiently managed,
will provide warnings of larger floods. The flood forecasting
and warning scheme will also provide a back up system for the
flood embankments, which could prove invaluable if the weakness

in the scheme result in serious flooding.



Appleby

Appleby has experienced a totally different response to the
flood hazard from Carlisle, both by the Cumberland River Authority
and the Local Councils. At present, there is no major alleviation
scheme in the town, either structural or non-;tructural, despite
a variety of proposals made over a good many years. This is rather
surprising whenone considers the freqﬁency of damaging floods iﬁ
Appleby is once every %.,22 years, which compares with once every
11.4 years in Carlisle (figures from chapter five). However, the
extent of property affected on each occasion is considerably less

in Appleby (see chapter seven).

The Council Authorities have épparently been aware of the
flood problem for a long time. In 1907, for example, attention
was called to the silting of the river at Eden Bridge, although
the opinion then was that no damage could be done to the bridge
by the accumulation of silt (Whitehead papers, quote from Appleby
Observer, 1929). In the same report, reference was made to the
floods in 1928 and 1929. On this occasion,the authorities
discussed several alternative schemes to relieve flooding in
Appleby. One such proposal was to remove a portion of the bank
upstream of Eden Bridge where the river channel was only half
the width of the downstream course. This scheme was dismissed
because during the major flooding in 1928, water had reached the
tops of the arches of the bridge and .inundated the whole of the
Sands before the water broke through the bowling green at the
narrow part of the river. The authorities decided that such work

would have little effect on future floods.
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Following more flooding in 1930, it was again reported that

the authorities were considering an alleviation scheme for Appleby.
The Borough Surveyor was looking at plans for a concrete and cement
wall to be constructed around the river banks from Eden Bridge to the

swings at Bongate at an estimated cost of £250 (Cumberland and

Westmorland Herald, 18.3.30). However, nothing came of this

proposal and the residents in the lower areas of the town had to
continue to accept any losses accruing from flooding. Occasionsally,
when the damage from flcoding was higher than usual, small relief
funds would be set up to help recompense the victims. For instance,
the Womens'section of the British Legion supplied one hundredweight
of coal to each of the ex-service men flooded in 1947 (Whitehead
papers, 1947). As a result of further floods in 1954 and 196k,

a more permanent scheme was established for flood victims by the
authorities, which became known as the 'Mayor's Fund'. This fund
represented the first official response to the flood hazard in
Appleby, althéugh it still did nothing to alleviate the actual

flood problem. Thus, while the relief.fund supplied some
compensation this was generally inadequate, and the principal
response remained one of bearing the loss. No alleviation scheme
was implemented in Appleby in the period up to 1968, and although
some proposals had been considered, these were usually rejected

. because of questions over their ability to control the flooding.

The 1968 flood did not instigate drastic changes in
guthoritarian attitudes towards the flood hazard in Appleby, as
occurred in Carlisle, However, several proposals for the town
vere f&rthcoming. The Westmorland. County Council, for example,

arranged a meeting with the Cumberland River Authority to discuss
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various alleviation schemes for Appleby, and the Appleby Borough

Council also requested action from the River Authority following

the 1968 flood (Cumberland River Authority records, October 1968).

In 1972, the Cumberland River Authority submitted proposals
for a major structural flood alleviation scheme for Appleby to the
Local Council. This scheme involved deepening the River Eden from
the main bridge downstream to Holme Farm, in a system of graded
banks to accommodate different channel discharges. At the Sands
and the bowling green, low retaining walls were planned to protect
against any flows in excess of the carrying capacity of the new
channel, The Chief Engineer of the River Authority, Mr. Marshall,
estimated that these adjustments would cost around £87,000,
However, there was a certain degree of opposition to this project.
A prominent local resident suggested that the increased flows in
the new channel system would cause problems of erosion on the
banks, and possibly put several properties at the top of Scattergate
at risk (private communication 1975 with Mr. Wood, retired local
teacher). A preliminary study was proposed to test the safety of
the banks but this, combined with the estimated cost of the scheme,
persuaded the Local Council to change its mind over the measure.
The Borough Surveyor suggested it was the responsibility of the
River Authority to prevent flooding and hence dismissed the
Council's responsibility in the scheme (Private communication with

Mr. Hirst 1975, Local Councillor, now on the new Appleby Council

and the Eden District Council).

In 1975, the River Authority amended the Appleby scheme and

resubmitted the proposals to the new administrative units, the
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Appleby Council and the Eden District Council. The modified
scheme entailed excavating the river bed from Eden Bridge to
Holme Farm, which would lower the normal level of water by
approximately one metre. This would necessitate strengthening
the present river banks which would have to be stone faced rather
than grass. Also, there were to be a series of low retaining walls
starting at the bowling green and running between the river and.
the buildings to the bridge then on downstream to the garage at
the bottom of Bongate. On the otherrside of the river, banks
approximately 0.6 m high would be constructed to protect the Butts

(Cumberlznd and Westmorland Herald 13.9,75).

At a meeting of the District Council there was only luke-warm
acceptance of these proposals and the final decision was deferred
(Hirst,private communication, 1975). The cost of the amended
scheme was estimated to be £120,000, which was to be divided
equally between the North West Water Authority and the Eden District
Council. A preliminary study was to cost a further £15,000. A4gain,
it was probably the cost of the scheme,which would have put a
penny on the rates, which discouraged the acceptance of the measure.
The Chairman of the Council did suggest a cost sharing scheme with
the County Council to make the scheme feasible. His argument was
that since the bypass road for Appleby had been shelved indefinitely,
the County Council were obliged to maintain the A66 through the
town, and hence might be interested ip the flood alleviation scheme

(Cumberland and Westmorland Herald, 13.9.75). Mr. Hirst 4id not

believe the scheme would be accepted because of the present economic
climate, and because the whole of the Eden District would be

financing a small scheme for the benefit of a few people in Appleby.
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It is significant that a similar scheme, incorporating some
form of dredging of the river and the construction of low retaining
walls along the Sands had been suggested in one form or another
as a means of alleviating the flood hazard in Appleby for a great
many years. Dredging was first proposed in 1907, while the wall
system was seriously considered in 1930. Very few alternatives
to this have been suggested, although in a report of the Eden
District Council, a Councillor was said to have asked about the
possibility of cutting off the loop of the river at Appleby

(Cumberland and Westmorland Herald 13.9.75). Apparently, a

scheme to divert water through a tunnel in the high land beyond

Bongate had been considered, but the cost was prohibitive.

The response following the 1968 flooding was little more than
reconstruction of damaged properties. For example, the banks, which
had beendamaged in several places along the Sands, were repuaired
and the weir upstream by the old mill restored. This latter work
was primarily for aesthetic reasons rather than for hydrological
improvements. The Jubilee Bridge, which had been destroyed by the
flooding, was replaced in 1971. The wall along Chapel Street was
also replaced, and redesigned to prevent a recurrence of the
problems in 1968, During the flood, the wall had actually
increased flood levels and the duration of‘flooding in property
along Chapel Street by retaining water on the Butts. The wall'was
eventually knocked down to allow the water to escape. Platés 8
.and 9 show the damage in Chapel Streéf the morning following the
flo0odé. The new wall was designed to allow water to return freely
to the river channel and according to the Surveyors would be
sufficient up to a flood of 1968 magnitude (private communication -

Binney Chartered Accountants and Surveyors, 1975). Nevertheless,
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Appleby is still waiting for a comprehensive flood alleviation

policy for the lower areas of the town. Meanwhile,the risk of
flooding remains as high as ever and the costs of implementing

a structural scheme continue to mount.

As far as non~structural flood alleviation schemes are
concerned only the 'Mayor's Fund' has ever been implemented as an
official policy. Proposals for a flood forecasting and warning
system have been put forward, but it,wouid appear that the physical
characteristics of the area preclude this form of alleviation.

The Cumberland River Authority considered a flood forecasting and
warning system for Appleby in 1970 in conjunction with the original
scheme for Carlisle, but subsequent studies proved this to be
infeasible given the current level of technology. For instance,

a warning scheme based purely on river levels was impractical,
because above Appleby the Eden is fed by numerous small tributaries,
all of which would need monitoring to predict flood levels downstreanm
(map 6-3). Furthermore, in order to predict flooding in Appleby,
the timing of all these streams would have to be assessed. In
addition, because of the very flashy nature of the river system in
this part of the catchment, there would be insufficient time to
make all the necessary calculations and issue a flood warning.
Studies also showed that high river flows at Kirkby Stephen did not
necessarily imply flooding in Appleby. Thus, a flood foreca;ting~
and warning scheme for Apéleby would have to be based on rainfall

data if reasonable warning time was to be given (Field, 1974).

In 1974, the Cumberland River Authority proposed another scheme
for Appleby based on the rainfall data received from gauging stations

situated at Barras, Castlethwaite and Scalebeck. From this
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information, the River Authority proposed to issue warnings of the
peak flows and the time of arrival of the flooding in Appleby. It
had been calculated by the River Authority that the rainfall-runoff
relationship for the Eden catchment above Appleby was only 33 to

Lk hours from the peak rainfall to peak river ievel (Field, 1974).
The scheme was to operate on hourly rainfall figures from the

three gauges and calculations of excess river flows, and when a
peak threshold was reached warnings would be issued of flooding in
Appleby. Unfortunately, even with tﬁis scheme a warning time of
only two to three hours could be guaranteed. (For full details of

the operation of this scheme see appendix V).

The rainfall data for the proposed Appleby warning scheme
was required on an hourly basis from the beginning of the storm
event, and also had to be available at all times. This was not
possible with the rainfall gauges at the three sites in 1974, and
hence more sophisticated instruments were required, which would
collect data on a more accurate basis, be interrogable and include
some form of automatic alarm faéility. The River Authority
considered renting more advanced equipment from the G.P.0. for
these gauges, but instead decided to wait until the reorganisation
of the water industry had been completed. It was hoped that the
new Water Authority would be able to implement a more sophisticated
scheme. In fact, if the plans for the computerised flood forecasting
and warning scheme is introduced (described above) then the

-Appleby plans would be relatively easy to include.

In conclusion, Appleby is in a position where a flood warning
may or may not be issued. Officially, the River Authority do not

give warnings for Appleby, but if a flood appears probable then
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the local police may be alerted. The role of the police in the

scheme is far less complicated than in Carlisle, because there
are fewer people to warn., Unfortunately, thé police station at
Appleby is no longer manned all the time, and so in the event of
a flood alert during the night, the River Authority would be
obliged to contact the Penrith Headquarters. The time taken to
reach Appleby from Penrith could effectively reduce any warning
time to less than one hour, which could be insufficient for some
residents and business~men to undertake remedial action. To add
to the confusion in Appieby, immediately after the 1968 flood it
was decided to ring the Fire Station alarm bell in the event of
future fleooding. However, few flood plain residents were aware
of this scheme in 1975, and those with knowledge of the scheme
were unsure whether or not it still operated. On the other hand,
it was found that many people in Appleby believed falsely that
there was an official flood warning scheme operating in the town

(see chapter eight for details of residential awareness in Appleby)."

Thus, Appleby has seen little response by the authorities to
the flood hazard, although there have been a number of proposals
forthcoming immediately following different flooding. The
structural alleviation measures have never been implemented,
because of the inhibiting costs, while the flood forecasting and
warning scheme cannot be implented until expensive equipment has
been installed and accurate rainfall-runoff relationships:
established for the catchment. The new proposals by the North
West Water Authority may make these non-structural plans more

realistic and financially feasible.

As a final analysis, the authoritarian response to the flood
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hazard has been through several significant changes in attitudes

in recent.years. Prior to 1968, the authorities responsible for
flood alleviation tended to édopt a piecemeal approach to the hazard,
'solving' the problem when and where it arose. This was reflected
particularly in the authoritarian response in. Carlisle, where
attention moved from Rickergate to Caldewgate and eventually to
Willow Holme, Brunton Park and Botcherby. For a long time,the -
River Board and later the River Authority were totally unconcerned
about the flood problem, especially during the twenty years leading
up to 1968. As a result no alleviation measures of worth were
implemented, and both Carlisle and Appleby, as well as many other
sites in Cumbria, suffered extensive flooding. The Local Authorities
also did very little during the 1950's and 1960's, and at tinmes,

in Carlisle, actually aggravated the flood problem by continuing

to develop property in known flood prone areas. The siting of the
Industrial Estate at Willow Holme was perhaps one of the biggest
errors made by the authorities since the rapid expansion of the

nineteenth century.

After 1968, as would be expected, both the authorities were
more aware of the hazard, and their attitudes towards the flood
problems changed quite significantly. At the same time, the
fallacy of dealing with flooding on an ad hoc basis was realised,
and their approach to flood alleviation altered accordingly. The
post 1968 period, therefore, has seen the consideration of ﬁore
comprehensive schemes which tackle the whole flood plain problem,
while the emﬁhasis on flood forecasting and wafning schemes shows

a further trend towards non-structural measures.



CHAPTER SEVEN
CHARACTERISTICS OF THE FLOOD PLATN RESIDENTS

IN CARLISLE AND APPLERY



Introduction

In Chapter 1, it was shown that in recent years the losses
from flooding have continued to mount in séite of the massive
capital investiment in flood alleviation works. Two major
hypotheses were put forward pertaining to the cause of this

apparent anomaly

(i) that the poor planning policies, inadequate
decision making and the generally ad hoc
structural response by the various
responsible authorities to the flocod
problem had failed to ameliorate the

flood situation.

(ii) that the omiséion of human studies from any
consideration of flood plain planning
policies, particularly the parts played by
residents and business-men in the flood
prone areas, had also led to ineffective

schemes.,

The preceding chapters have already looked at the merits of

the authoritarian response to the flood hazard, particularly
the heavy dependence on structural adjustments. Examples of
the authoritarian response were shown at all levels of

government, while the more detailed studies at Carlisle and

Appleby stressed the changing attitudes of the local authorities

through time. The full significance of the authoritarian
response in these settlements is outlined in the general

conclusions below.
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The second hypothésis is tested and analysed in chapters
ceven, eight and nine, based on the questionnaire data
ohtained from residents and business-men in C;rlisle and
Appleby. The change in emphasis of the authoritarian response
to the flood hazard, basiczlly from structural to non structural
measures, now means that the flood plain population is required
to undertal:e positive remedial action if flood losses are to be
reduced, Initially, this agpect of flood alleviation was ignored,
on the assumption that residents and business men in flood prone
arecs would act in a rational manner to minimise flood losses.

Hovever, since even this new policy incorporating non-structural

measures has proved relatively ineffective, serious consideration

is now being given to the somewhat critical factor of human
attitudes and behaviour, especially with resbect to non -

structural flood alleviation works.

Chapter seven examines the results of the questionnaire
surveys of the flood plain residents, and compares the results
from the two contrasting flood environments, Carlisle and Appleby.
Four groups of questions vere incorporated iﬁ the guestionnaire to
provide informatidn on various aspects of social behaviour on
‘the flood plain,

The four groups were:

(i) Social characteristics - to determine the

population features of the flood plain

residents.

(ii) Flood statistics -~ to provide detailed

information on previous flooding,

especially the 1968 event, and the degree

of flood experience of the flood plain population.
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(iii) General environmental perceptions = to

assess flooding in comparison with other

problems.

(iv) Behavioural aspects - to provide further

details on the flood plain inhabitants,
particularly their perception of the
flood hazard and personal perceived

response to future events.

(Further details on the construction and preparation of the
questionnaire can be found in chapter four in the section on
méthodology; on the actual questions themselves in Appendix
IT while the results are reviewed in this and the following

chapters).

This chapter is essentially concerned with the socio-econonic
charateristics of flood plain populations, and the degree of
flood experience of the residents. These residential traits
vere then incorporéted into the following chapter, in thé

examination of attitudes and behaviour in a flood hazard area.

Chapter eiéht, therefore, examines the latter'twq aspects
of the questionnaire survey, on the perception'and behaviour
of the flood plain population, dealing in detail with the
causes or reasons for such attitudes. Based on this data, the
hypothetical model of residential behaviour is reviewed and
some improvements and amendments suégested. A final revised

model to predict flood plain behaviour is proposed according

to the results and analyscs made in these two chapters.
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Analyses of the questionnaire data involved-several types
of statistical tests so that more accurate assessments could
be made of the relationships between different variables, and

variations in the response from the two research centres. The

principal technique employed was the chi squared test,which was used
to compare data in the form of frequency distributions. VWhere
the data was statistically stronger,. covariance (Spearman rank
correlation coefficient) or a linear regression formula Qere |

often employed.

The Questionnaire Surveys

Period of Survey:

The qﬁestionnaire surveys of the flood plain resideﬁts in
Carlisle ana Appleby were undertaken between autumn 1974 and
spring 1975. This period was kept to a minimum to reduce the
possibility of differential responses occurring due to changing
environmental conditions. The nature of the study and the -
planned intention to compare two contrasting areas precludéd a
lengthy survey period. The business questionnaire did not
involve detailea behavioural studies and hence did not have the
same restrictions as the residential survey. This survey was

conducted during the summer of 1975,

Size of Survey : Residential

In Carlisle, a full population survey of the flood plain
residents was not feasible because of the large number of
dwellings situated in flood prone areas within the city. The

limited time and resources available were insufficient for such



an extensive study, so instead, & random sample of the residents
was taken to reduce the numbers for interview, and hence
overcone these difficulties. While sampling automatically
introduces a degree of error into the study, it was hoped that
the proportional stratified random sample tgchnique employed

in Carlisle would effectively minimise any such inherent errors

involved in sampling.

The size of the sample survey in Carlisle was determined
from the response rate generated bf the pilot study, using the
formula proposed by Moser and Kalton (1971, 147). The basic
requirements of the formula are a proportion ( T ) of the
survey, the finite population (N) and an estimate of the
standard error (S.E.(p)), while n represents the proposed

sample population, and n1 the finite

(1 -T)
(S.E.(p))2

1 n

1 + (n/N)

population correction. In Carlisle, the proportion of the survey

was represented by the positive response to the pilot quesﬁionnaire,

which was 69%, the total number of flood plain dwellings was

573 while the standard error was set at 2%.

0.69 (1 - 0.69)

= = 534.75
(0.02)° '
n1 = 2}.[."_2_22__. = 2?6.6 .
’ 1+ 534.75

573

398
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According to data collected from the pilot survey a sample of

277 dwellings (48%) was required to maintain a standard error

of only 2% in Carlisle.

In Appleby, the questionnaire survey did not require the
sophisticated sampling procedures necessary 'in Carlisle, due to
the limited number of dwellings now situated in flood prone
areas. The extent of the 1968 flood was used to delimit the
areas subject to quite large scale flooding, and this showed
that forty-nine residences are now at risk. A full population

survey, therefore, was undertaken in Appleby.

Response to the Surveys:

The response rate generated by the Carlisle residential
survey was quite high at 79% and compared favourably with other
long questionnaire type surveys according to Grebenik and Moser
(1970). In all, 218 interviews were successfully completed,
which represents 38% of the total dwellings on the flood plain.
The remaining 10% (59 dwellings) were not surveyed for a
variety of reasons. 45, or approximately 8% of the total either
refused to co-operate in the survey or were unable to ans&er
due to illness, while a further two questionnaires were
destroyed by the interviewer, because of apparently flippant
responses. The remaining 12 (2%) were not interviewed due.to
the failuré to make contact with any adult at the randomly

selected address, despite repeated calls.

' The accuracy of the final survey was tested based on the
response rate to the questionnaire using the formula described

by Moser and Kalton (1971, 147) to calculate the standard error



of the proportion. In the formula,n represents the sample

population, N

S.E.(p) = \/Q -2 (- T)

n

the finite population and T the proportion of the survey, in
this case the positive response rate to the questionnaire (79%).

Thus:

S.E.(p)

\/(1 _ 2722y 0.79 (1 - 0.79)
573 277

0.0176

Hence the standard error of the final sample size based on the

response/non~response rate is approximately 1.8%.

In Appleby, the response rate towards the residential
questionnaire was even higher than that in Carlisle. Of the 49
total flood plain dwellings at risk to flooding, intervieus
were obtained from 44 or 90%. Of the Snon-respondents,.two
refused to ansver the cuestions, and the other three were
unavailable for comment due.to illness or lack of contact;
Despite the low figures, the Appleby survey was still
statistically valid because the total flood plain population

had been surveyed and was not dependent on a limited sample.

The proportion of the flood plain population surveyed in
both Carlisle and Appleby, and the response rates generated by
the surveys, compared favourably with other similar types of
studies. For instance,larding and Parker (1972) planned a 100%

study of flood plain residents in Shrewsbury, and successfully
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interviewed 69%. In the Twckesbury area, Penning-Rowsell (1972) 401

undertook a larger survey, interviewing 690 residents by either
personal contact or mail questionnaire, which amounted to
approximately 7% of the total population. In the U.S.A. James
et al (1971) carried out an interview survey of nearly ten
percent of the flood plain residents in Nbr%h Atlanta and
obtained a positive response rate of gixty-six percent. A
later study, also under the leadership of James (James et al
1974), was based on a twenty percent sample using a mail
questioﬁnaire, which, with several follow up letters, pfoduced
a response rafe of thirty-eight percent. However, in this
latter study there was a significantiy greater response fron
flood plain residents (41%) than from others (3%2%). Clearly,
the Carlisle and Appleby studies were appgrently successful in
this respect, especially in comparison with the other major

British survey in Shrewsbury.

Commercial Survey:

The commercial survey iﬁvolved a similar type of
questionnaire as the residential one, only with less emphasis
on the perception aspect of the flood hazard, since the résearch
was aimed at business-types, rather than business managers.
Secondly, since there were only 73 commercial properties at
risk in Carlisle and 35 in Appleby, it was decided to undertake
a 100 percent survey of these. This eliminated the probleﬁs
associated with sampling techniques, which would have been
more difficult than with the residential survey because of thé
great variety in business types, particularly in Carlisle.

This survey also proved highly successful since response

rates of 76.7 percent in Carlisle and 94.3 percent in Appleby
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were obtained (Full details of the commercial survey may be

found in chapter nine).

Chapter geven, therefore, exahines the factual information
gathered by the residential questionnaire surveys in Carlisle
and Appleby. Two distinct groups of questibns vere included

in the section:
(1) Social characteristics.

(2) Extent of flood experience.



(1) Social Characteristics

In determining the social characteristics of the flood
plain population the questkonnaire survey was utilized to
-distinguish two important factors : (1) Structural factors,
including such details as the area in which the respondent
lived and the type of building inhabited'; (2) Personal
factors, such as sex, age, length of residence in the area and
occupation. These variables were important to the flood studies,
to discover the type of people affected by flooding in the two
communities, and particularly for the later studies of perception

and behaviour,

Structural factors:

The fundamental structural characteristics within the flood
plain were assessed by incorporating into the questionnaire,
questions and notes on both the street and area in which the
dwellings were situated; the type and characteristics of the
building in which the respondent lived, and the proximity of
the dvelling to the source of the hazard. However, this latter
factor was eventually omitted because of the low variatioﬁ within
each flood plain and the problems of obtaining accurate and
meaningful data. Nevertheless, since Appleby residents live
in closer proximity to the hazard than Carlisle residents, a
comparison.of responses between ﬁhe two settlements would

automatically incorporate this aspect.

The individual streets were used in Carlisle as the framework,
or strata, for the proportional random sampling technique

enployed in the c¢ity. In all twenty-one streets were surveyed
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ranging in size from Warwick Road with over two hundred
dwellings, to Bridge Lane and John Street in Caldewgate with
four and five respectively. The positive response rate also
varied between one hundred percent and fifty'percept, élthough
fhe more extreme values were obfained from the small streets,
where one dwelling could represent up to twenty percent of the

proposed interviews.

In Appleby, the residential questionnaire covered six
streets which ranged in size from only one occupied dwelling in
both Doomgate and The Butts to twenty-four dwellings along
Chapel Street. .In no street in Appleby did the‘response rate

fall below eighty-five percent.

In Carlisle, three areas were defined as subject to flooding
based on air photograph evidence of the 1968 flood‘(see plates
17, 18 and 19) and river authority data. 3ap-5;4kbdistinguishesb
the three zones Brunion Park, Botcherby an&:Caldgwgate.

Brunton Park, which.éxfends alongvbothvsides of WarwicgiRoad
from St. Aidans Church to thé Petteril Bridge, is by far the
nost cioselykinhabited of the three with over #Oowdyellings..
(72% of the total flood plain dwellings). interviews wer;;‘ ’
carfiéd out at 151 of these, while a furgher,#9 represented
non-resp§?§énts, which produced a response réfe for the area of

76%. (table 7-1) .

fiﬁ'Bﬁfihe:by; to the east of Petteril Bridge, there were
120 &wgﬁii@gsgénﬁjgct to flooding, 52 of which were interviewed
with a fi}ihé; 6 rejections. The positive response rate in

this arca was the highest of all at approximately 90%.



Plate 17. Carlisle: Part of Brunton Park during the 1968 flood, showing Warwick Road and
St., Aidan's Road (taken after the peak discharge ).



Plate 18, Carlisle: View looking up the Eden Valley, showing Brunton Park in the foreground and Botcherby
during the 1968 flood (taken after the peak discharge).
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Plate 19, Carlisle: Caldewgate and Willow Holme Industrial Estate during the 1968 flood
(taken after the peak discharge).
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Caldewgate, located in the industrial sector of the city

was for a long time the most densely inhabited area in Carlisle
(see chapter five). However, industrial expansion has
gradually taken over this area and houses have been allowed to
run-down, so that today there afe only forty occupied houses
in the flood prone area. ZFifteen of these were surveyed with
a further four non-respondents, which produced a positive

response rate of seventy-nine percent.

In Appleby,flooding is less extensive spatially than in
Carlisle (again these differences were brought out in chapter
five) and now thrcatens only forty-nine occupied dwellings in
three separate residential areas in the town : The Butts, The
Holme, and The Sands (Map 5-15). The Bﬁtts represents the area
jmmediately inside the meander of the Rivéf Eden encompassing
such buildings as the Church, vicarage, and swimming pool, and
most of the dwellings in Chapel Street. In this area there
were twenty-five occupied residences of which twenty-one were
surveyed, producing a response rate of eighty-four percent

(table 7-2).

The Holme area, which is composed of several small streets,
including both High and Low Wiends, Doowmgate, part of Chapel
Street and Kolme Street can be found in the west of the town,
also within the river mecander. Of the sixteen dwellings ip
the area, fifteen were successfully surveyed, a response rate

of ninety-four percent.

' The third area, The Sands, is situated outside the meander,
to the east of the town centre and along the main A66 trunk road

(plates 20 £21). Only eight residences are subject to flooding



TABLE 7-1

Residents

Number of
dwellings

% of total

Number of

selected dwellings

% of area
dwellings

% of total
dwellings

Number of
interviews

% of interviews

% of area
dwellings

% of total
dwellings

Number of
rejections

Number not
available

Total noﬁ-

respondents

Non-response
rate per area

Response rate

per area

Response Rates per Area -~ Carlisle

409

BRUNTON BOTCHERBY CALDEWGATE  TOTAL
PARK
413 120 ko 573
72.1 20.9 7.0 100
200 58 19 - 277
L8.43 48.3 47.5 48.3
34.9 10.1 3.3 48.3
151 52 . 15 218
69.3 23.9 6.9 101
36.6 43.3 37.5 38
26.4 9.1 2.6 38.1
38 6 3 k7
11 0 1 12
49 6 b 59
2k.5 10.34 21.1 21.3
75.5 89.66 78.9 78.7



TABLE 7-2

Residents

Number of
dwellings

% of total
dwellings

Number of
selected dwellings

% of area
dwellings

% of total
dwvellings

Number of
interviews

% of interviews

% of area
dwellings

% of total
- dwellings

Number of
rejections

Number not
available

Total non=
respondents

Non-response rate
per area

Response rate
per area

Response rates per Area ~ APPLEBY

410

TOTAL

THE BUTTS THE HOLME THE SANDS
25 '16 8 49 -
51 32.9 16.3 100
25 16 8 49
100 100 100 100
51 32,7 16.3 100
21 j 15 8 1A ?
47.7 4. 18.2 100
84 | 93.8 © 100 189.8
k2.9 30.6 “3653;<» 89.8
2 0 o 2
2 'ﬁ , 0 3
L ﬂ4  o] 5'
6 2f€.3 0 10.2
8 . 93.7 100 ' 89.8



ands and St., Lawrence Bridge during the 1964 flood,

20, Appleby: The S

Plate



in the Sands and all were successfully surveyed. A fourth area
extending from the river at Bridge Street to the Low Cross/
Cioisters area did not support any residential property and

hence was excluded from this particular questionnaire survey.

The final structural factor ves building type,details .
of which are given in tables 7-3 and 7-4., Terraced housing
was most predominant in Appleby, where eighty-four’percent of.
dwellings were of this type couwpared to only fifty-four percent
in Carlisle. The remaining dwellings werc either detached or
semi-detached.houses,except for nineteen flats and bungalows in
Carlisle. The proportion of house types in each area was
significantly different at the 0.999 level of probability
according to the chi squared test. Similarly ﬁhe proportion
of residences with cellars also differed significantly between

the two communities.

House~-type was believed to be of particular importance in
determining effective remedial actions in the event of a flood.
For example, the large propoftion of residents occupying .
terraced housing would find flood proofing measures relatively

ineffective, unless the whole terrace undertook similar

precautions to prevent flooding through any communal foundations.

Similarly, those residents living in flats and bungalows would

be somewhat restricted in removiwng valuables to a higher level.

The type of building in which the resideﬁt'livgd was also
an important indicator of various social charécteristics
jncluding, the location of the residence, the age of the
respondent, the numbér of perSOns at risk ih each dweliing, the

tenure of the property and the length of residence in the
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TABLE 7-3
Residents ~ Type of building
Carlisle Appleby Total
Terrace 118 54% 37 84% 155 59%
Semi/Detached 81 37 7 16 88 3%
Flat/Bungalow 19 9 0 19 7
Total 218 100 L4 100 262 100
TABLE z-h
Residents : Cellar in building’
Carlisle Appleby Total
Yes Ly 20% 2 5% 46 18%
No 19 80 42 95 216 82
Total 218 100 k4 100 262 100
TABLE 7-
Residents : Sex of Respondents
Carlisle . Appledby Total
Male 67 31% 18 b4 85 32%
Female 151 69 26 59 177 68
Total

218 100 44 100 262 100
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building. In Carlisle,all these variables produced

significéntly different responses from the three diffefent
building types. (Unfortunsitely these responses could not be
pompared with Appleby, because the chi squared test was invalid
due to the lack of variation in house type), For example,
sixty-six percent of the housing in Brunton Park was terraced
compared to only nineteen percent in Botcherby and forty percent
in Caldevgate. Figure 7-1 shows the high proportion of semi-
detached and detached residence% in Botcherby and flats in
Czldewgate. The other figures,?7-2 and 7-3,show the large
proportion of flats rented and the length of residence relative
to each house type. Other significant differences were found
with the age of the respondent and the number of persons per

dwelling.

In conclusion,building type may be an accurate guide to
the characteristics of the flood plain population. For insﬁance,
there is a high probability that a terraced house resident will
live in the Brunton Park area, own his own house, have lived in
the area for a long time, or be a newcomer to the area, and if
the latter then he will be young and have several children.
On the other hand, a flat dweller is most likely to be a tenant
resident, older and living on his own and have only lived in

the building for a relatively short time.

Personal factors:

- The initial research hypotheses, described in chapter
four, suggested that certain social characteristics could
significantly influence individual perception and behaviour

patterns., For this reason,several personal questions were
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included in the questionnaire, which were later used for
further analyses. The responses to these questions also
provided an indication of the general social characteristics

of the whole flood plain populations.

In Carlisle, sixty-nine percent of the interviews were
conducted with female adults and only thirty-one percent with
males, while in Appleby the proportions were fifty-nine percent

females and forty-~one percent males (table 7-5).

Age Structure

Age structures of the respondents in the two communities
wvere quite similar since both had a bias towards the older age
groups. A chi squared test showed that any difference between
the two distributions was not significant at the ninety-five
percent level of confidence. Table 7-6 shows ﬁhe frequencies
of respondents in each age category.. Both centres revealed
peaks in the thirty-five to forty-four and the sixty-five
years and over age groups, although there was a slightly 6ider
age distribution in Appleby, where forty-nine percent of
residents were over fifty-five yecars compared to forty-two
percent in Carlisle. Figure 7-4 shows the two age distributions

in histogram form.

Family structure

The number of people living in each dwelling ranged from

one to eight in Carlisle, and one to six in Appleby (table 7-7).



TABLE 7-6

Residents ¢ Age of Respondent

Residents :

Number of people per dwelling

Carlisle Appleby Total
18 to 24 years 13 6% 0 =% 13 5%
25 to 34 years 42 19 L, 9 k6 18
35 to 44 years ks 21 9 21 54 21
k5 to 54 years 27 12 5 11 32 12
55 to 64 years 32 15 10 23 h2 '16
65 years and over 59 27 16 36 75 29
- Total 218 100 44 100 262 101
TABLE 7-7

Total per dwelling Carlisle Appleby Total
One 37 18 9 21% 46 18%
Two 56 26 20 46 76 29
Three 44 20 7 16 51 19
Four. 53 2k 2 5 55 21
Five 122 6 K 9 . 16 6
Six 8 & 2 5 10 ‘4
Seven 6 3 6 2
Eight 2 1 2 1
Total 218 102 L 102 262 101
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The majority of houselholds contained four or less persons,

and both distributions showed a peak et two (figure 7-5).

The mean number of persons per dwelling iﬁ.Carlisle vas 3.0
compared to 2.5 in Appleby. If these figures are representative
of the vhole flood plain, between 1711 and 177> people are at
rick from flooding in Carlisle (allowing for the standard error)
and approximately 123 in Appleby. The difference in the two
distributions was significant at the 0.0158 level, weli within

the 95% confidence limits. .

However, it was noticeable that the total number of
persons per dwelling was inversely related to the age of the
respondent. A chi squared test on the Carlisle data, indicated,
at a very high level of probability, that the two variables
were significantly different,vwhich was further confirmed by a
correlation coefficient of -0.5667 significant at the 0.005
level. Thus, younger persons tend to live in large houscholds,
while older.rpsidents frequently live alone. This is most
important to any consideration of flood response, since older
residents are often less capable of remedial action in the
event of a flood than younger residents. In Appleby, preqisely
the saume rélationships were found, with a correlation

coefficient of -0,6645 (significant at 0.001).

These family structures were further subdivided into
number of adults and children within each household. TableA7-8
shows that the majority of dwellings contained two adults,
sixty-three percent in Carlisle and sixty-eight percent in
Appleby. Again,if these figures are extended to the complete
flood plain, approximately 1200 a2dults in Carlisle and 98 in

Appleby would be living in flogd prone arcas. However, a chi
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squared test did not show any significant difference between
the two responses. The proportion of families with children,A
on the other hand, did produce significantly different results.
A chi squared test of families with, and those without

children between Carlisle and Appleby produced a significance
level of 0.0135; enough to suggest the two were different at
the 95% level of confidence. Fifty-four percent of houscholds
in Carlisle did not contain childreﬁ, compared to seventy-five

@

percent in Appleby (table 7-9).

The only 6ther aspect of fémily structure incorporated in
the questionnaire survey was the number of family groups living
in each residence. Howevér, since only five percent of the
household in Carlisle and none in Appleby contained wore than
one family, this variable was excluded from any further

analyses (table 7-10).

Length of residence in the area

The length of residence of respondents both in Carlisle
and Appleby varied quite considerably, as shown in table 7-11.
For examplé, fourteen percent of Carlisle respondents had/lived
in the same house for over twenty-five years,compared to the
forty-three percent who have moved onto the flood plain in the
sixXx years since the last flood. 1In Applebygthirtj percent of
residents had lived in the same dwelling for more than twenty-

five years and forty-one percent were newcomers. Although the

mean length of residence varied between the two communities,

17.82 years in Appleby and 12.86 years in Carlisle, this difference

was not significant aqcording to a chi squared test on the two
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TABLE 7-8

Residents ¢ Number of adulis per household
Total per dwelling Carlisle Appledby Total
One 39 18% 9 2% 48 18%
Two 137 63 30 68 167 64
Three 29 13 4 9 33 13
Four 1 5 .0 1M1 &

" Five 2 1 1 2 3 1

Total 218 100 Ly 100 262 100
TABLE 7=

Residents @ Number of children per dwelling
Total per dwelling ‘Carlisle Appleby Total
None ' 117 54% 33 75% 150 57%
One . - 35 16 b 9 39 15
Two b2 19 2 5 L4 17
Three 122 6 3 7 15 6
Four 0 5 2 5 12 5
Five . 2 1 2 1

Total 218 101 L4 101 262 101
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TABLE 7=10

Residents : Family groups per dwelling

Carlisle Appleby Total
One 208 95% Lt  100% 252 96%
Two 10 5 o) 10 &
Total 218 100 . Ly 100 262 100

TABLE 7-11

Residents : Length of residence in dwelling

Carlisle Appleby Total
Up to 6 years 93 43% 18 4% 109 L42%
7 to 12 years 48 22 2 5 52 20
13 to 18 years 30 14 7 16 37 14
19 to 24 years 6 7 L 9 20 8
25 years and over 31 14 13 30 L4 17

Total ' 218 100 4 100 262 101
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distributione,

The correlation between iength of residence in the area
and the oge of the recpondent, (0.5365 aignificant at the
0.001 level) was not sufficiently high to account completely
for the totzl lensth of residence, and hence both varizbles
were maintained in the analyses. In Appleby there was no
eignificant correlation between thg-two variables which
further supported the evidence to maintain both variables in the

analyses.

Other social variables included in the guestionnaire
survey were occupation type and level of education of the head
of household, and finally the tenure of the household., Research
hypotheses again suggested that these variables could be
important determinants of residential behaviour on the flood

plain.

Occupation of the head of household

Table 7-12 shows the proportion of head of households in
each occupation category for Carlisle and Appleby. Both
communities indicate a peak of skilled manual workers and
similar levels of semi skilled, clerical end professional
workers. (A chi squared test showed no significant difference
between the two). In this respect, therefore, the two

populations were remarkably similar.
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TABLE 7-12
Residents : Occupation of heaé of household

Carlisle Appleby Total
Self employed 122 6% L 9% 16 6%
Semi-skilled 22 10 5 11 27 10
Skilled manual 6k 29 14 32 78 30
Commercial Traveller 9 4 0 9 3
Clerical worker 25 12 5 11 30 11
Manager 29 13 3 7 32 12
Professional 31 b 6 14 37 14
Other 26 12 7 16 33 13
Total 218 100 44 100 262 99
TABLE 7-13

Residents : Age at which Head of Household finished
' fulltime education

Carlisle Appleby Total
15 years and under 127 58% 3 97% 161 61%
16 years “ Lo 18 8§ 18 L8 18
18 years 25 11 "o 25 10
21=22 years ' 15 7 2 5 17 6
Other 8 & 0 8 3
Did not know 3 1 0 3 1

Total 218 99 Ly 100 262 99
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Zducation lovel of head of houscliold

Differences in the level-of full time education reached
by the head of household were significant at the ninety-five
percent level of confidence. TFor instance, only five percent
in ippleby had becn educated beyond the age of sixteen years,
which compared to fwenty—three percent of respondents in
Corlisle (table 7-13). Seventy-seven percent and fifty-eight
percent of residents in Appleby ana Carlisle respectively,
completed their full time education by the time they were

fifteen years old.

Tenure of household

Tenure of household was included because it was
purported that home owners would be more inclined to undertake
protective measures to prevent structural damage to their
property, than tenants. The survey found that only ten percent
of Carlisle residences were rented, which compared to a majority
of dwellings in Appieby,where fifty-five percent were rented.
This'difference between the tenure of residences in the two
centres was significant at the'0.999 level of probability.
The rented accomrzodation in Appleby was essentially a combination

of the Local Authority housing and the Castle estates.

In conclhsioa,the social characteristics of the flood plain
populations in Carlisle and Appleby di}fered quite significantly
in several aspects, particularly those variableé relating to the
proportion of house types in each settlement, the elements of

emily structures, and the level of education attained by the
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head of household. However, the latter two factors

essentially reflects the more elderly nature of those residents

in Appleby, compared to Carlisle.

The social characteristics found in both Carlisle and
Appleby were similar in many respects to thése found in other
areas, in similar types of survey. For instance,the negatively
skeved age distributions, apparent in both communities, has
also been found amongst the flood plain population zt Shrewsbury
wvhere sixty-two percenf{ of respondents were over fifty years old."
(Harding and Parker 1972), in Rorth Gloucestershire where forty-
nine percent were over forty-five, (Penning-Rowsell 1972) and in
Atlanta, Georgia where forty-eight percent of respondents were |
over forty-five years old (James et al 1971 ). One possible
explanation of this éommon feature is that flood plain residences
frequently represent the older areas of cities, a relic of the
vast urban expansion during the industrial revolution, and
“hence do not attract the younger families as much as the newer
housing estates. The difference between the smaller centres
and the larger cities also réflects the general movement of
younger persons away from the small settlements towards the

large towns.

Length of residence on the flood plain also showed a degree
of similarity with other studies, particularly that undertaken
in Shrewsbury by Harding and Parker! where sixty-two peréenf
of respondents had lived in the same dwelling for over five
years. In the Atlanta studies,however (James et al 1971, 1974)
found residents less Qilling to remain in the same property for

such long periods, which was probably a reflection of the greater .
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frequency of flooding in these areas cowmpared to the British

studies. This argument is supported by further evidence from
different zones within Atlanta,for on the flood plain only
forty-one perecent of respondents had lived in the same house
for. more than seven years, which compared to fifty and fifty-

three percent in the other two areas.

These characteristics of the flood plain residents,
collected bj the questionnaire surveys in Carlisle and Appleby,
were used to test the research hypotheses on the perception
and behaviour of flood plain residents to the flood hazard as
well as adjustments to the problen. Details are given in

chapter eight.
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(2) Extent of flood experience

Two types of questions were asked of the flood plain
residents in the collectioﬁ of statistics on flooding.
Questions seven to nine and sixteen provided information of the
degree of flood experience amongst the respdndents, wvhile
questions ten to fifteen and seventeen to twenty-three
extracted more specific data on residential behaviour during

and after the 1968 flood event.

Exgerience

The questionnaire survey showed that only fifty-seven
percent of respondents in Carlisle and fifty-nine percent in
Appleby had actually lived in the area during a flood, and
that fifty-five percent and fifty-nine percent respectively
hed personal experience of flooding (tables 7-14 and 7-15). .
This left a substantial minority in each community (forty~five
percent in Carlisle'and forty-one percent in Appleby) who were
living in a flood prone area, but had yet to experience
personally inundation of their property. The evidence suggestis
that a large number of families, therefore, have moved away
from the flood plain since the last flood inb1968, although
vhether this was a result of the flooding, or a culmination of
other factors is mot clear. However, there was a difference
between thé proportidn of non-experienced residents in the
two research centres, and hence it ;ould appear that flood
frequency is not an important factor ih this case. (A chi
squared test of the data for question eight on flood experience

indicated no significance difference between the two responses).



Residents ¢

Carlisle

TABLE 2-14
Residents : Personal experience of flooding in the
neighbourhood
Carlisle Appleby Total
Yes 125 57% 26  59% 151 58%
No 93 43 18 41 111 k2
Total 218 100 kit 100 262 100
TABLE 7=15
Residents : Persomal experience of flooding in building
Carlisle Appleby Total
Yes 120 55%. 26 59% 146 56%
No 98 45 18 41 116 Lk
Total 218 100 ‘44 100 262 100
TABLE 7-16

Knowledge of the flood problem by those
not flooded

_ Appleby Total
Knew of problem 86 92% 18 100% 104 94%
Did not know of problem 7 8 o} 8 7
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in Carlisle,
For many people‘ one flood would appear to represent too great

a risk and hence they promptly'move away from the hazard area.

A further question Was asked of those residents without
perscnal experience of flooding,to assess the degree of
knowledge of the flood hazard. The responsé, shown in table
?7-16, indicates that the majority of the populations of both
comnunities were aware that the area had flooded in the past.'
levertheless, eight percent of the respondents in Carlisle
were totally ignorant of the potential hazard. This proportion
of uninformed residents on the flood plain is likely to increase

gradually, at least until another flood alters the whole

perception of the flood plsin population.

Table 7-17 shows the degree of flood experiencé of
respondents in Carlisle and Appleby, while figure 7-6 compares
the frequency of flooding expgrienced at each centre. Clearly,
there is a marked difference between the flood experiences of
the two_commﬂnities. While both centres have a similar
proportion of residents without personal experience of flooding,
the number of floods experienced by the rest of the respondents
contrasts quite significantly. In Carlisle for instance,’
seventy-nine percent of those flooded in the past have
experienced just one flood, while only eight{ percent have
experieﬁced three or more. In Appleby, the degree of
experience was almost reversed, witp twelve percent experiéncing
one flood and eighty percent three or more. As a result,the
mean number of floods experienced by the flood rlain residents
varied between 0.75 in Carlisle and 2.5 in Appleby. A chi

squared test on these reponses showed that the two were
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TABLE 7-17
Residents ¢ Frequency of flooding experience
Carlisle Appleby Total
None 98 L45% 18  42% 116  44%
One 95 4k 37 98 38
Two 15 7 2 5 17 7
Three 5 2 L 9 9 3
" More than three 5 2 16 37 21 8
Total ) 218 100 43 100 261 100
Did not know &)
TABLE 2-18
Residents : Depth of flood water (1968)
Carlisle Appleby " Total
Outer walls L1 34% 3 12% 4l 30%
Floor boards .' 2k 20 2 8 26 18
1 to 15 cm 26 22 2 _8 28 19
16 to 30 cm 18 15 2 8 20 14
31 to 75 cm 6 4 15 10 7
Over 75 cm 5 4 13 50 18 12

Total 120 100 26 101 146 100
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significantly different at the 0,999 level of probability.

The number of floods experienced was essentially a product
of two voriables, the length of residence on the flood plain
and the frequency of flooding in that area. Unfortunately,
in Carlisle and Appleby the areas defined b& the questionnaire
survey were not specific enough to distinguish'betwéen zones
of different flood probability. However, all three areas in
Carlisle were flooded extensively %n 1968, as shown in plates
17, 18 and 19, (Unfortunately these photographs were taken
after the peak flood levels). Plates 6 and 7 show the
flooding along the Sands in Appleby, although these pictures

were also taken after the peak had passed.

Length of residence on the flood plain proved ﬁore
significant than different areas within the flood plain, in
providing an indication of the number of floods experienced.
For example, the correlation between length of residence and
number of fl&ods experienced was 0.4528 in Carlisle and 0.4593
in Appleby using the Spearman rank correlation coefficieﬁt.
Both these were significant at the above the 95% level of
confidence. Figures 7-7 and 7-8 illustrate this strong pééitive
correlation between the two variables more clearly. Therefore,
flood frecuency and length of residence do appear to explain
the different extent of flood experience between the flood
plain residents, and in particular between the two research
centres. The greater flood experience in Appleby was
apparently the product of the greater length of residence and
the higher flood frequency in the town, Ne&ertheless, it

should also be noted that the difference between the length of
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residence in each community was not statistically significant,

and hence the different degree of flood experience may be

primarily attributed to the variation in flood frequency.

Several other questions on flood characteristics were
incorporated into the questionnaire to obtain further details
on the 1968 flood. Data were collected on such variables as
depth, duration and damage caused by the 1968 event, and agaiﬁ
comparisons were made between the ?xtent of flcoding in the

two communities.

Depth of flooding

The depth of flood experiencéd in 1968 varied in extent,
from water merely surrounding the exterior wallsvof‘buildings
to the internal inundation of property by over one uetre of
water. In Carlisle a large number of families and homes Qere
affected in 1968, although only sixty-six percent of these
respondents sﬁffered water inside their property. Houever,
if this proportion was extrapolated to the whﬁle flood plain,
there would have been between 368 and 388 dvellings (allowing
for the 1.8% standard error) with flood water inside, in i968.
Nevertheless, twenty-four percent of respondents reported |
flood depths in excess of fifteen centimetres (table 7-18)

wvhich would represent between 128 and 148 dwellings.

The depth of flooding ékperienéed in Appleby was generally
greater than that in Carlisle, due in part to the closer
proximity of dwellings to the river channel,and again a chi
squarcd test suggested the two experiencés~were significantly

different at. the 0,999 level of.probability. For example, in
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Appleby fifty percent of respondents reported flood depths of

greater than seventy-five centimetres compéred to only four

percent in Carlisle.

Duration of flooding

The statistics collected on the duration of the flood in
1968 did not show the differences between the two communities
anticipated from the earlier theoretical studies. It was
suggested that repondents would be less likely to remember the
precise timing of a flood event after a lapse of six years,
wvhereas in contrast, flood depths are more easily recalled, and
in the survey were frequently described by the respondent in
great detail almost with an.élement of pride. The duration
va;iable, therefore, now probably'represeﬁtsthe perceived,
rather than actual duration of the 1968 flood. Table 7-19
shows the similarity between the responses of the two
comnmunities. VWhile the mean flood duration reported vwas greater
in Carlisle than Appleby, 12.86 hours to 10.27 hours, the chi
squared test suggested there was no significant different

between the two.

The relationship between flood duration and flood depth,
vhich has been described in studies by White (1964), Penning-
Rowsell (1972), Chambers (1973) and Parker (1976) (see chapter
three) was.also tested in Carlisle and Appleby, based on the
questionnaire data. In Carlisle,the two variables produced a
Spearman rank correlation coefficient of only 0.1006 which had
a level of significance of 0.298. Clearly, this was insufficient

to suggest any significant relationship between flood depth
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TABLE 7-19
Residents : Duration of flood (1968)

Carlisle Appleby Total
1 to 6 hours 37 34% 5 23% ke 32%
7 to 12 hours 57 52 13 59 70 53
13 to 24 hours 6 6 L 18 0 8
Over 24 hours 9 8 9 7
Total 109 100 22 100 131 100
Did not know (11) %)
TABLE 7-20

Residents : Losses incurred in 1968 by Respondents

Carlisle | Appleby Total
None : 60 51% = - 2 8% 62 4h4%
Less than £100 : 36 31 12 50 48 3h4
Between £100,£250° % 12 7 29 21 15
Between £250,£500 7 6 3 13 0 7
Total 117 100 24 100 141 100

Did not know _ (3) (2)



and duration in Carlisle. Although previous studies had found
a positive correlation between the two, the absence of a
relationship in this case does not challengé the theories,
particularly as a result of the.problems of collecting
statistics on flood duration. In Appleby, the data conformed
to these previous stgdies, for a positive correlation was.
found between depth and duration of 0.7767, which was
significant at the 0.001 level. Therefore in Appleby, at least,
it would appear that increasipg flood depths are related to
floods of longer duration. It may be that Appleby residents
more accurately recall the flood characteristics, because of

their generally greater experience of the problem.

Flood damage

Table 7-20 shows the financial losses suffered as a result
of the 1968 flood, by residents in Carlisle and Appleby.
. (The monetary statistics are based upon 1968 values). In
Carlisle, just over 50% of respbndents reported no significant
monetary losses and only 6% estimated losses between £250 and
£500. The mean 1loss per household was approximately £79, which
in terms of the whole flood plain wouldrmean residential losses
in 1968 somewhere in the region of £45;OOO. (This may have béen
larger given that some houses in the Caldewgate area, occupied
during the ;lood, are now.derelict, and hence wvere not inciuded
in the questionnaire survey). By cémparison, the mean flood
loss per houschold in Appleby was considerably higher at
£163. Only 8% of those flooded reported no financial léss,
while 13% put their losses in excess of 2250, The total

residential losses from Appleby, therefore, would probably have
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been around £8,000 in 1968.

The estimated losses from flooding in the two communities
vas signitficantly different, according to a chi squared test,
at the 0.995 level of probability. 'The reason for the
proportionally greater losses in Appleby is partially
explained by the differences in the types of flooding
experienced at the two centres. For instance, there was a high
positive correlation between flood losses and flood depth at |
both Carlisle and Appleby (see figures 7~9 and 7-10), which
were both significant at the 0.001 level. Data from both
centres,thereforeyconfirmed the findings of previous studies,
that increasing flood depths are directly related to greater
flood IOSses.. Furthermore, since Appleby residents generally
experienced greater flood depths than Carlisle, it follows
that they would also suffer proportionally larger flood losses_-
(given a certain degree of similarity between the social

characteristics of the two communities - see above).

A positive correlatiqn was also found between flood
duration and flood 1o§ses, significant at the 0.001 level, in
Appleby but not in Carlisle data. >Figure 7-11 shows the full
relationships found between the three variables of flood Aepth,
flood duration and flood losses. The obvibus anomaly between
the two sets of data is the lack of a signifiéant correlation
in Carlisle of flood duration, with either depth or loss. '
While this may be a true réflection«qf thé Carlisle situation,
wvhereby flood;depthAis the sole determinant of flood losses,
it is highly unlikely given the results from both Appleby and

from previous studies.
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Nore serious flood damage was prevented by the
implementation of certain remedial actions by the flood plaiﬁ
residents, prior to, and during the flooding. These schemes,
described in greater detail below, included such méasures as
the employment of sandbags to érevent water. entering property,
and the removal of valuable possessions to higher levels. The
chi squared test suggested that there vas a significant
difference between those residents who employed these measures
and found them useful, and those who found them of no value,
the former,as expected,generally suffering less extensive
danage than the latter. In Carlisle,such significant differcnces
vere found in the responses from those resideﬁts employing
temporary measures, using the floéd warning,and removing
valuables, while in Appleby only temporary measures'and
removing valuables produced significantly different results.
The lack of time for a flood warning precluded this measure in

Appleby.

Several other social variables were also believed to
influence the extent of flood damage only by indirect means.
For example,inéreaéing age was purported to decrease the
potential efficiency of un@értaking remedial measures,
particularly heavy activities, in thé event of a flood. VWhile
the other social characteristics were believed to be an
indication of social class, and hence indicate the potentiél
value of property at risk to flooding. Hoﬁever, in both
Carlisle and Appleby the chi squared tests fouﬁd no significant
differences to suggest this was the case, except in Applecby

where increasing age corresponded to greater flood losses.
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Othervaspects of the 1968 flood were also believed to
pley a part in influencing residenticl attitudes and behaviour.
For instance, initial hypotheses suggested that help during a
flood event from various organisations may have a detrimental
effect on individual activities during future flooding,
particularly if a resident presumed that such aid would be
forthcoming. Similarly, expericnce in the use of variqus
remedial measures prior to a flood was.believed to be a
significant factor in future behaviour patterns. It was
postulated that a resident would repeat successful remedial
measures, and hence have less fear of future flooding than a
resident who in the past had unsuccessfully pfotected his
property from flooding. DBoth these groups of variables were
included in the guestionnaire tq see the extent of ﬁelp and
remedial action in 1968,while further analysis of the

significance of these factors is described in chapter eight.

Compensation

’

Compensation for flood damage was not given to Carlislc
residents after the 1968 flood, although emergency aid such
as food, blankets and heaters were distributed during the actual
event. In Appleby, sixty-five percent of the residents received
some form of renumeration from the 'Mayors Fund' which had been
set up in 1954 for just such catasﬁrophes. While this
financial outlay did not fully reimburse the flood plain
residents, it at least went some way to alleviéting personal

losses (table 7-21).
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Help from various organisations

The proportion of respondents receiving help from varioﬁs
organisations, such as the police, the Salvation Army, and the
Womens Royal Voluntary Service during the 1968 flood is
recorded in tables 7-22 to 7-27.For example, fifty-eizht
percent of Carlisle respondents and sixty-two percent in
Appleby did not receive any help from the police, whereas
thirty-seven percent and thirty-nine percent respectively found
the police helpful to some extent. This would indicate only
a lov level of involvement by the police in the private affairs
of the flood plain resident, except in the case of emergencies,
such as old people living alone. Nevertheless, only'a small

proportion of residents in Carlisle were dissatisfied with the

activities of the police force, and none in Appleby.

The Womens! Royal Voluntary Service only successfully
helped six percent of the Carlisle flood victims and twenty
percent of those in'Appleby. The Salvation Army, on the other
hand,waé quite active in Carlisle, with over fifty percent of
the respondents reporting help to some degree. No one in
Appleby was helped by the Salvation Army, although several
residents mentioned the British Legion. Help from the local
councils also varied between the two communities, with fifty
percent of residents in Appleby receiving some form of aid,
compared to only thirteén percent in Carlisle. The fire
brigade were more active in Carlislé, where thirty-three
percent of respondents, either had water pumped from their

homes, or industrial heaters installed by the firemen to dry

out the building. Only eight percent of residents in Appleby
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TABLE 2-21.
Residents : Compensation received for losses

Carlisle Appleby Total
Yes 0o =% 17 65% 17 12%
No | 120 100 9 35 129 88
Total 120 100 26 100 146 100
TABLE 7-22

Residents : Police action 1968

Carlisle ~Appleby Total
Helpful 28 23% 3 12% 31 21%
Partly helpful 17 4 | 7 27 24 16
Not helpful 6 S o] 6 &
No help received 69 58 16 62 85 58
Total 120 100 - 26 101 146 99
TABLE 7-23

Residents : Womens Royal Voluntary Service
action 1968

Carlisle Appleby - Total
Helpful 2 2% 2 8% b 3%
Partly helpful 5 b 312 8 5
Not helpful 0 0 0
No'help received 113 94 21 81 134 92

Total 120 100 26 101 146 100



TABLE 7-24 .
Residents : Salvation Army action 1968

Carlisle Appleby Total
Helpful L6 38% 0o % 46 32%
Partly helpful 14 12 0 % 10
Not helpful 2 2 0] 2 1
No help received 58 48 26 100 84 58
Total 120 100 26 100 46 101
TABLE 7-25

Residents : Council action 1968

Carlisle Appleby Total
Helpful 5 b% 2 8% 7 5%
Partly helpful 11 9 1 k2 22 15
Not helpful ¥ 3 0 L 3
No help received 100 83 13 50 113 97
Total 120 99 26 100 146 100
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TABLE :2-26 .
Residents : Neighbours action 1968
Carlisle ~ Appleby Total
Helpful 2 20% 5  19% 29 20%
Partly helpful 62 52 13 50 75 51
Not helpful _ 1 1 0 ' 1 1
No help received 33 28 8 31 41 28
Total | 120 101 26 100 146 100
TABLE 7-27
Residents : Fire Brigades actions 1968
Carlisle | Appleby Total ,
Helpful 25 21% 2 8 29 18%
Partly helpful il 12 o] 4 10
Not helpful 3 3 0] 3 2
No help received 78 65 2k 92 102 70

Total : 120 101 26 100 146 100
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were helped in this way, which is not surprising since the

fire sfaiion itself was inundated. Finally, both communitics
reported a similar degree of he}p from their neighbours -
approximately seventy percent. Thus, apart from the police
and neighbours,the most significant help in.Carlisle in 1968
came from the Salvation Army and the fire brigade, while in
Appleby the local council and the Yomens' Royal Voluntary

Service were most active.

Remedial measures

The use of various remedial measures in the event of =a
flood and the relative success or failure of such actions is
recorded in tables 7-28 to 7-32, Temporary measures, such as
sand bagging doors.and openings, to prevent the inundation of
property by flood water, was a technique employed by forty-six
percent of the flood victims in Carlisle. However, of these
only four percent thought the measure was very helpful, whilst
twenty-nine percent suggested the technique was of né value
vhatsoever. In Appleby, a similar trend was apparent with
forty-three percent of those flooded employing the measure,
and only four percent stating they found the measure very
helpful. This quite high failure rate reflects the genersl
lack of knowledge of effective flood proofing measures, which
according to Sheaffer (1967) can significantly reduce flooa'

losses.

One further significant aspect of the employment and
relative effectiveness of temporary measures in 1968 was thes

strong correlation with flood depth. Both in Carlisle, and
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in Applcby, the chi squared test suggested that there wvas a
significant difference between those respondents flooded to
great depths znd those flooded only to lower levels, and the
reported effectiveness of tewporary ﬁeasures such as sand

bagging. This response indicates that while such remedial

meosures may be highly inefficiént in the centre of a flood
where flood depths tend to be greater, on the periphery such

schemes may be employed quite effectively.

In 1968 only twenty-nine percent of respondents in Carlisle
and fifteen percent in Appleby recéived an official flood warning.
Probably the main reason for this relatively small proportion .
getting prior warning was the timing of the event. 1In Appleby,'
there is little time for warning at normal times (see chapter
si#) but in 1968 the flood reached it peak early on a Sunday .
morning, which reduced the chances of a warning being raised.

In Carlisle, the flood similarly took many people by surprise,
and there were numerous stories of reéidents waking up to find
'their houses flooded. As the‘flood spread over wider areas so
the alarm was raised, but not before considerable damage had

already been done.

The most popular and effective remediai measﬁre in 1968
was the removal of valuables to a higher level. This was
undertaken by forty~nine percent of flooded respondents in
Carlisle, while all those flooded in Appleby employed this '
measure to some extent. In this way, Appleby respondents
appeared to be more adjusted to the hazard since they all
undertook some form of effective action to reduce their flood

losses, whereas a large proportion of Carlisle respondents did
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TABLE 2-—28
Residents : Personal action 1968 ~ Sandbagging
Carlisle Appleby Total
Very helpful 5 U% 1 4% 6 L%
Helpful 15 13 3 12 18 12
Not helpful 35 29 7 27 k2 29
Did not use 65 54 15 58 A 80 55
Total 120 100 26 101 146 100
TABLE 7-29
Residents : Received tofficial'flood warning
Carlisle Appledby Total
Very helpful ’ 9 8% b 15% 13 9%
~ Helpful 18 15 0 18 12
Not helpful 7 6 o 7 5
Did not receive 86 72 22 85 108 74

Total 120 101 . 26 100 146 100
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TABLE 7-30 -
Residents ¢ Removed valuables to higher level

Carlisle Appleby Total
Very helpful 36 30% 19  73% 55 38%
Helpful 23 19 7 27 30 21
Not helpful 0 - o 0
Did not use - 61 51 0 61 b2
Total 120 100 26 100 146 101
TABLE 7-31

Residents : Evacuated premises

Carlisle Appleby Total
Very helpful 16 13% 1 L9 17 12%
Helpful 1 1 0 1 1
Not helpful 0 0 : 0
Did not use 103 86 25 96 128 88

Total 120 100 26 100 146 101




TABLE 7-32 -
Residents : Other actions

Carlisle Appleby Total
Very helpful 15 13% 0 -% 15 10%
Helpful 1 1 0 1 1
Not helpful o 0 0
Did not use 104 87 26 100 130 89
Total | 120 101 26 100 146 100
TABLE 7-33

Residents : Proportion of Respondents insured against
flooding

Carlisle Appledby Total
Insured ’ 150 69% 39 89% 189 72%
Not insured 36 17 b 9 ko 15
Did not know 32 15 1 2 33 13
Total 218 101 44 100 262 100
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nothing throughout the flood.

liowever, common to both communities was the significant
difference between responses when controlled by flood depth.
That icy those residents flooded to the greatest depths found
this measure most helpful and also a larger proportion of such
residents employed this technique. Other measures, such as
evacuation of the premises were only employed by a small

minority of the population. .

As a final consideration of the extent of the individual
response to the flood hazard in Carlisle and Appleby, respondents
were acked whether they had taken out any flood insurance
policies, or undertaken any permanent alterations to their
property to prevent inundation by flood watefs. The results
of the questionnaire survéys indicated that sixty-nine
percent of households in Carlisle, and eighty-nine percent in
- Appleby had sémg form of insurance, Seventeen percent and
nine percent respectively were not covered by‘insurance,
while residents ip the remaining househqlds were uncertain
whether they were insured or not (table 7~33). The responses
from the two bommunities were significantly different at thé '
0.975 level of probability according to‘a chi squared test.

. From the results therefore, it would appear that the greater
frequency of flooding in Appleby had stimulated a more positive
response to flood insuranée than in Carlisle., In Builth Wells
and Shrewsbury, Parker (1976) found that only thirty-five
percent and twenty-seven percent respectively had taken out
flood insurance. These figures correspond to estimations by

Relph (1968) of a maximum fifty percent cover,
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Residents with flood insurance were also asked when they
had taken out the policy, before or after the last flood, to
test the effect of the flood as a stimulous to individual
response. In Carlisle,fifty~one percent of those residents
with £lood insurance had taken out the policy prior to the
1968 event compared to forty-six percent in Appleby. Only ten
percent in Carlisle and gishteen percent in Appleby reported
taking out insurance since the last flood, although a further
thirty-nine percent and thirty-six'percent respectively could

not remember when the policy had been taken out (table 7-34).

The second individual response, floocd proofing, was
believed to be implementeé only where floodiqg was perceived as
2 major hazard, and where there had been only limited
authoritarian response to the problem. To a certain extent,
this was confirmed by the response to a question on flood
proofing, as shown in téble 7-35. Only three houses in Carlisle
had been protected from flooding in this way, and even this had
been reétricted to minor adjustments such as the blocking of
air vents, and the building of low fééaining walls. In Appleby,
wvhere the flooding is a more frequent problem, and where there
has been no authoritarian response, the individual response
has been greater. Eighteen percent of Appleby respondents
had implemented some form of indivjdual adjustment to the
hazard. Several residehts, for instance, had designed doérways
so0 that boards could be slotted into place and act as temporary |
retaining structures in the event of a flood. 'One resident haad
even gone so far as cementing a board approximately forty

centimetres high, across the QOorway of the house to prevent
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TABLE 7-34 -

Residents : Proportion of Respondents with insurance
who started the policy before 1968,

Carlisle Appleby Total
Before 1968 flood 76 51% 18 L46% 94 50% .
After 1968 flood 15 10 7 18 22 12
Did not know 59 39 4 36 73 39
Total ' 150 100 - 39 100 189 101

TABLE 7-35
Residents : Proportion of dwellings floodproofed
Carlisle Appleby Total-
Floodproofed : 3 1% 8 18% 19 7%
Not floodproofed 215 99 36 82 243 93

Total 218 100 by 100 262 100




21. Appleby:

22, Appleby:

The Sands during normal river flow,

The permanent floed proofing measure employed by an
Appleby resident, This board has been cemented into
place to prevent flood water entering the property.
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flood vaters inundating the property. (See plate 22). The

difference in the response from the two centres was again
significant at the 0.995 level of probability, indicating a
greater individual response to the flood hazard in Appleby

than Carlicle.

In conclusion,a large amount of data has been generated
both on the historical aspects of flooding in Carlisle and
Appleby, and on the 1968 event in particular, while the latter
tvo variables have looked at the individual response before and
after the eveﬁt. While the straight forward analyses of the
responses to these questions has described the residential
behaviour during a flood, many of the variables were believed
to influence significently future decision making through the
medium of experience. (Further analyses of these results can
be found in chapter eight). However, probably the most important
factor to emerge at this point is the greater individual response
in Appleby, where there has been less authoritarian action in
the past, and also a greater frequency of flooding. The
difference in social characteristics between the two centres
was less noticeable, being confined to house types and the
eléments of the family structure. Both communities exhibited
similar types of residents in terms of age ond length of

residence in flood prone areas.



CHAPTER EIGHT
PERCEPTION AND BEHAVIOUR OF FLOCD PLAIN

RESIDENTS IN CARLISLE AND APPLERY



Introduction

Whereas the preceding chapter was concerned with the past
adjustments to the flood hazard, and the characteristics of
the flood plain population, this chapter examines the attitudes
and behaviour of flood plain residents and business-men towards
perceived future flood problems. Data for this further analysis.
were collected by the same questionnaire surveys (Appendix II)
and similar statistical techniqueshwere employed in testing
the relationships between the different variables. The
principal aim of this aspect of the study was to improve the
understanding of individual decision making and response to
the flood hazard, that is to determine which particular factors
are most influential in governing flood plain behaviour. The
final conclusion examines these findings with respect to the
theoretical model (figure 4-1) proposed in the research hypotheses

on flood plain decision-making.

Essentially this chapter attempté to explain flood plain
behaviour of residents, It was purportéd in the research
hypotheses that certain independent factors would interact in
various ways to influence a respondent’s conception of the
flood problem. To test these basic hypotheses, the relationships
between the independent factors and those variables associated
with perception and behaviour were analysed for significant trends
or filiation. The objective of this analysis was to produce a
. predictive model of flood plain decision making by classifying
residents and business-men into given 'types! according to
established relationships between dependent and independent

variables.
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To study residential perception and behaviour patterns,

three groups of questiéns were incorporated in the questionnaire
(1) Perception of the flood hazard

(2) Awareness of the Authoritarian

response to the flood hazard.

(3) Perceived response to the flood

hazard by the individual.



1. Perception of the flood hazard

The research hypotheses purported that perception of
the flood hazard was considerably ﬁdre important than the
actual flood hazard because the individual would respond
according to his beliefs, no matter to what.extent these

beliefs were at variancé with the real situation. In a

study of flood plain behaviour patterns, therefore, perceptioﬁ

of the hazard is of utmost importance, and for this reason,

much attention is devoted to .this aspect of the research.

Three groups of questions pertaining to the perception

studies were included in the questionnaire:
(i) general environmental perception,
(ii) Perceived future flood problems.

(iii) Degree of fear of the flood hazard.

(i) General Environmental Questions

The first ?wo questions in the survey were included

both to"warm-up" the respondent, and to put the flood problem
into perspective as far as other environmental hazards iﬁ the
area were concerned. Respondents were requested to state
both the perceived advantages and disadvantages of living in
the particular area. Whilée the question on advantages héd |
little direct value to the survey, the disadvantages cited

by the respondents ﬁrovided an early indication of the extent
of the flood problem, as perceived by the individual resident.

In Carlisle, the largest single disadvantage was traffic,
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mentioned by twenty-five percent of respondents,;followed by
trouble at the football ground (sixteen percent), and with

only three percent perceiving flooding to be a disadvantage.
Thirty-eight percent of respondents.reported no disadvantages

with the area at all. However, this sort of response distribution
had been anticipated, since the day to day events, such as

traffic problems are more likely to be reported as a disadvantage
than other events, such as flooding, which occur less frequently.
Hence, the degree of annoyance of a problem is related directly

to the frequency of thé event.

In Appleby, twenty-seven percent reported that flooding
was a problem, twenty-one percent complained about the lack of
public transport to larger centres, and thirty-nine percent
of.the flood plain residentsstated that there were no disadvantages.
This response differed gquite significantly from that in Carlisle
due to the contrasting problems and environmental conditions at
the two centres. The large proportion mentioning flocoding
Aclearly reflects these differences, both of the greater frequency
of the event, and the closer affinity of Appleby residents to

the River Eden,.than Carlisle residents.

Residents of both communities were also requested to
evaluate the general living conditions of the area (question
three) which provided an oppoftunity for the respondent to
weigh up the advantages against disadvantages of living in the
area. In Carlisle,fifty two percené stated that the area was
very good, forty-five percent that the area was fairly good
and only three percent said it was poor. A slightly different

response was returned by the Appleby survey, where sixty-six



466

percent of flood plain residents reported that the area was

a very good place to live, with the remaining thirty-four

percent ans&ering fairly good. (table 8-1)

" The perception of the flood hazard was further tested by
questions four and five, in which a direct comparison was made
between flooding and other named environmental problems and
natural hazards in the area. Tables 8-2 to 8-7 show the
response to these particular questions. In Carlisle, traffic
was considered the most serious environmental problem in the
area, whi;h again reflects the greater frequency of the event
compared to other problems. However, eighteen percent of the
respondents saw flooding as the most serious environmental
problem, which was considerably more than the proportion
reﬁorting flooding in the previous questiéns. In Appleby,
flooding was mentioned by more respondents,fhan any other
problem, which also reflects the greater significance of

flooding to this community.

The most frightening natural hazard in both communities
was flooding, reported by thirty~two percent of respondents in
Carlisle and thirty-four percent in Appleby. This response
was somewhat anomalous to previous trends for it placed
flooding above other hazards of greater frequencies. However,
the other natural hazards are less likely to cause damage to
personal property than flooding, auq thus, this may be

reflected in the response to the most frightening hazard.

In conclusion, the general environmental questions served
to place the flood hazard in context with other problems in the

area, as perceived by the flood plain residents. The importance



TABLE 8-1
Residents : Living conditions

Carlisle Appleby Total
Very good 113 52% 29 66% %2  s4%
Good 99 45 15 34 14 L4
Poor 6 3 0 6 2
Very poor 0 0 o
Total 218 100 L4 100 262 100
TABLE 8-2

Residehts : Most serious perceived environmental problem

Carlisle Appleby Total.
Crime Ak 6% ~% % 5%
Noise 22 10 11 25 33 13
Flooding 39 18 16 36 55 21
Pollution 8 &4 8 .3
Traffic 109 50 122 27 121 46
Others b 2 L, 2
None 22 10 5 11 27 10
Total 218 100 by 99 262 100
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TABLE 8-3
Residents : Second most serious perceived environmental
problem
Carlisle Appleby Total
Crime 10 5% ~% 10 4%
Noige 38 17 3 7 ks 17
Flooding 38 17 18 L6 18
Pollution _ 17 8 17 6
Traffic 30 14 8 18 38 15
Others : : 5 2 5 2
None 80 37 25 57 105 4o
ki 100 262 102

Total 218 100

TABLE 8-4

Residents : Perceived environmental problems - combined

Carlisle Appleby Total
Crime 2L 1% -% 24 | 9%
Noise A 60 28 % 32 7% 28
Flooding 77 35 2k 55 101 39
Pollution : 25 N 25 10
Traffic 139 64 20 Ls 159 61
Others 9 &4 9 3
Total (334)153 (58) 132 (392)150

(% of Respondents 218 & b4 & 262)
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TABLE 8-2
Residents : Most frightening natural hazard
Carlisle Appleby Total
Gales and wind ke 21% 3 7% b9 19%
Fog 15 7 1 2 16 6
Thunderstorms 25 12 6 b 31 12
Flooding 70 32 . 15 34 85 32
- Snow and ice - 6 3 4 9 0 &4
Other L 2 L 2
None 52 2k 5 3 67 26
Total ' 218 101 Ly 100 262 101
TABLE 8-6

Residents : Second most frightening natural hazard

Carlisle Appleby _ Total

Gales and winds 26 12% 2 5% 28 11%
Fog . 16 7 16 6
Thunderstorms 11 5 b 9 5 6
. Flooding 35 16 ?7 16 L2 16
Snow and ice 19 9 | 3 Vi 22 8
Other 3 1 - 3 1
None 108 50 28 64 136 S2

Total : 218 100 4y 101 262 100
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TABLE 8-7
Residents : Most frightening natural hazard - combined
Carlisle Appleby Total
Gales and winds 72 33% 5 11% 77 29%
Fog 31 14 1 2 32 12
Thunderstorms . 36 17 10 23 46 18
Flooding 105 48 © 22 50 127 48
" Snow and ice _ 25 1 ?7 16 32 12
Other 7 3 7 3
Total (276)126 (45) 102 (321)122
(% of Respondents 218, k4 and 262)
PABLE 8-8
Residents : Source of knowledge of flood problem
Carlisle Appleby Total
Estate Agents 0 =% 0 -% o %
Neighbours B 1 25 52 20
Personal inspection 2 1 1 2 3 1
. Experience . 136 62 % 32 150 57
News media . 26 12 o 26 10
Surveyors report 6 3 0 6 2
Others - 7 3 18 41 25 10

Total 218 100 44 100 262 100
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of flooding to these residents in Carlisle was minimal, until

compared.directly with other environmental problems andlnatural
hazards, whén flooding assumed greater significance. Initially,
it was found that the degree of annoyance of a problem was
proportional to the frequency of its occurrence. In Appleby,
where the frequency of flooding is greater, and the authority
response to the hazard minimal, flooding was reported as a
problem by a large proportion of the flood plain population.
Similar studies have produced identicgl results, with flooding
rarely regarded as a problem, or disadvantage, unless mentioned
by name, by the interviewer. (Harding and Parker 1972,

Penning-Rowsell 1972).

The responses to the general perception questions were
significantly related to certain characteristics of the flood
plain residents. For exauple,a chi squared test on the most
serious environmental problem perceived in Carlisle as a
function of area in which the respondent lived, proved different
at the 0.005 level of significance. (To satisfy the
requirements of the test, 'crime' and 'pollution' were combined
jn the 'other' category). de the three arcas in the city,
sixty-four percent of respondents in Brunton Park stated that
traffic was the most serious problem, compared to thirty-seven
percent in Botcherby and thirty-six percent in Caldewgate.

The proportion of those residents in each area perceiving '
flooding as the major problem were thirteen percent, thirty-

three percent and thirty-six percent respectively.

These results to some extent confirm the earlier findings

that awareness and frequency of a hazard are directly related.
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For instance, the Brunton Park area is situated either side

of the main road, which now forms the shortest route from
Carlisle City centre to the M6 motorway. Taking this into
consideration, therefore, it is not surprising that residents
of this area perceived traffic to be the major environmental

problem.

In Appleby, an analysis ofAthé_same two variables producéd
similar results to Carlisle., For example, the major problem in
The Butts was noise, sixty percent of respondents, which was
probably a reaction against the swimming pool and youth club
located in this area. Similarly, the Sands, where seventy-five
percent of respondents mentioned traffic, a result of the main

A66 trunk road dissecting this area.

Areal location, therefore, appeared to produce significantly
different responses to the question on the perceived environmental
probleﬁs in both Carlisle and Appleby. However, in reality this
association masked fhe true causal relationship between frequency
of occurrence of the hazard and awaréness. Areal location bore
little relatioﬁship with the most frightening natural hazard in
the area, nor with the earlier questions on general advantages

and disadvantages of the flood plain location.

The perceived major envi:onmental problems were also, to
some extent, explained by the degreé and extent of flood
experience of the reépondent. In Carlisle, there was a significant
difference between those respondents with and those without
flood experience, within the ninety-five percent level of
confidence, to the question on the perceived most serious

environmental problem in the area. For example, twenty-four



percent of residents with flood experience, compared to only
fourteen percent of those without, believed flooding to be the
most serious environmental problem in the area. In general.'
those residents without personal flood experience tended to
propose more wide ranging problems. In Appleby, although the
overall awareness of the hazafd waS'significantly greater than
in Carlisle, the same trend was apparent, with fifty-two percent
of the experienced residents comparéd to twenty-one percent of
the non-experienced stating flooding to be the most serious

environmental problem.

'Characteristics of the flooding did not appear to produce
any further expianation of environmental awareness. However,:
because of the poor distribution of data, some of the Carlisle
respénses were unsatisfactory for more detailed statistical
analyses, and hence many causal relationships could have been
overlooked.- The responées from residents with experience of
different numbers of floods were virtually tﬁe same in both
Carlisle and Appleby, which would indicate that actual experience
is the prime causal factor rather than‘frequency of the
experience, The other flood characteristics of depth, duration
and damage.produced fairly similar results of environmental
awareness. However, although the relationship could not be
tegted stétistically, it was noticeable that those respondents
flooded to the greatest depths and for the longest duration
perceived flooding to be the most serious problem. The
proportions, forty percent and thirty-three pefcent respectively,
were considerably higher than for respondents less severely

flooded.



Social factors did not appear to explain the response to
the general perception questions. Sex, 1ength of residence,
occupation, education, and family structure all produced
remarkably similar responses in both Carlisle and Appleby,
particularly sex which produced virtually identical results.

Age of respondent and the perceived most serious environmental

problem did produce éignificantly different results (0.02 to 0.05),

but this was probably a response to other problems than flooding,

since there was little difference between the proportions
mentioning flooding. Percepfion of flooding as a problem,
therefore, does not vary with age, as it would first appear from
thé statistical evidence. Tenure also showed no association
with the general perception responses, although because of the
low proportion of rented accommodation in Carlisle, this could

not be tested statistically with any degree of accuracy.

In conclusion, the major factor which appears to explain
the response to the initial question on perception of the flood
hazard is personal flood experience,. while other social
characteristics have little association. Areal location would
probably be important, given the results to these questions i f
a distinction could be made between areas of varying flood
frequencies. This is illustrated to a certain extent by the

contrasting levels of awareness between Carlisle and Appleby.

Perception of the flood hazard_was also measured by‘
question eighteen, which required respondents to state.how they
had discovered that the area in which they lived was'prone to
flooding. In Carlisle, sixty-two percent of respondents

reported that they had found out through personal erperience of

- flooding and nineteen percent from their neighbours. (table 8-8).
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In Appleby, only thirty-two percent mentioned flood experience
and twenty-five percent neighbours, although a further forty-
one percent of residents said they had always lived in the town,
and hence could not recall the precise source of this knowledge,
In general, surveyors and estate agents were very poor in

advertising the flood hazard in either community.

It is clear from these results that knowledge of the floéd
hazard is least likely to be perpétuated by those persons who
deal in the buying and selling of property, and most likely to
be the product of actual flooding. While such a policy is
undoubtedly advantageous #o the estate agents and surveyors,
they must be held responsible, to a certain extent, for
know1ng1y locating people 1n a hazardous area. In personal
commun1cat10ns with six estate agents in Carllsle, not one
admitted to the flood problem in the city, and even when

confronted by evidence to this effect (viz aerial. photographs

guch as shown in plates 17 and 18) promptly assured the researcher -

that such problems had now been eliminated. For example,
Telford and Scott Limited stated that district house values had
remained high after 1968, while Tiffen said that there had been
no change in prices following the flood, statements which seem
all the more remarkable considering the extent of damage caused
by the 1968 flood. The other four estate agents, Carlisle and
Border, Gibbing and Johnston, Smiths and Gore, and Balderstone
reported_tﬁat, while records for this period were not available,
there was definitely no sudden exodus from the flood plain
following the flood, because to quote a typical comment, 'the
council had dealt with the problem.' Thus,full awareness will

only be achieved when flood plain residents and persons moving
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into floodprone areas, are more readily inforumed of the hazard.

General perception of environmentél problems and hazards
is essentially a product of the frequency of the occurrence
of the event itself. However, when mentioned by name, and in
comparison with other problems, flooding aséumed greater
importance, especially in Appleby with the greater risk invoived.
Perception of the flood hazard as a problem was also greatest;
as would be expected, amongst thOS? respondents with personal
flood experience. The other independent factors however, did
not appear to influence perception of the hazard, to any great

extent.

(ii) Perception of future flooding

Perception of future flooding was measured by questions
tventy-four and twenty-five (part i) which concerned both the
perceived future risk, as well as the perceived change in flood
risk. Responées to these questions were compared with statistics
of actual flood frequencies, obtained from the theoretical

calculations and the historical surveys.

Table 8-9 shows the residential response to the question
‘Do you think this building will be flooded again in the next
twenty-five years?' Only éighteen percent of respondents in
Carlisle‘éxpected flooding in this'period, although a further
fourteen percent were undecided. The majority of residents,
pixty-eight percent foresaw no flooding in the‘next twenty-
five years. Sincerthe return period for damaging floods in
the town, according to the historical data (chapter five) is

approximately 11.4 years, this proportion seems remarkably low.
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However, if the alleviation schemes implemented in the town
are effective up to their design standard of fifty years, then
the converse is true, and the proportion expecting future floods
appears fairly high. Nevertheless,in reality the flood
alleviation scheme has never been fully tested, and since there
appears to be some inherent wegknesses in the project, the true
level of protection may be considerably lower (Chapter six),
The proportipn expecting future flooding therefore, either have
little faith in the ability of the - authorities to overcome such
problems, or are unaware of the authoritarian adjustment to the
hazard. Both these points are discussed in detail in section

2(i) of this chapter.

In Appleby, where there has been no positive response to the
problem by the authorities, and where the‘recurrence interval
for damaging floods is approximately 4.22 years, the expecfation
of future flooding is quite high. Seventy-three percent of
residents thought the area would flood again in the next twenty-
five years, a further eighteen percent vere undecided, and only
nine percent did not anticipate further flooding. This high
response rate at Appleby was significantly different from_that

at Carlisle at the 0.001 level.

While the Carlisle response was complicated by the
authoritarian adjustmenfs to alleviate the problem, and hence
made comparisons with other areas difficult, the Appleby
response could more readily be compared with similar flood
environments. For example, Parker (1976) at Builth Wells,
which has a similar record of flood frequencies as Appleby, found
that only thirty-five percent. of respondents expected future

flooding, with a further eightegn percent who did not know.



TABLE 8-9

Residents : Respondents expecting floods in the next

25 years (Perception of future flooding)

Carlisle Appleby Total
Expect floods 39 18% 32 73% 71 27%
Do not expect floods %48 68 L 9 152 58
Did not know 31 14 8 18 39 15
Toteal ' 218 100 Ly 100 262 100

TABLE 8-10

Residents : Perception of future flooding as a function
of flood depth experienced in 1968

* CARLISLE
Depth Perceived flooding Did not perceive Did not
‘ Flooding Know
Outer walls 2 5% 32 - 98% 2 17%
Floor boards 2 - 8 ‘ 21 88 1 4
115 cm 5 19 17 65 4 15
16 - 30 cm 6 33 10  s6 .2 M
31 - 75 cm 2 33 3 50 1 17
Over 75 cm 2 bk 3 60 0 0

Total , 19 16 86 72 15 13
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James etal (1971) in Atlanta where the flood return period is

about 3.5 years, found that eighty-six percent of the respondents
expected flooding at some future date. However,this area‘had
suffered five damaging floods in the nine years prior to the
survey, which meant the problem was still relatively fresh in

peoples' minds.

The association between the perception of the future floéd
hazard and various independent var%ables wvas - tested by chi
squared analyses, to see if any significant relationships
existed to expiain the response to this question. 1In Carlisle,
there was no sigﬁificant relationship between the perception
variable and personal floéd experience, although there was a
slight trend to suggest that respondents with flood experience
were.;ggg likely to perceive future flooding then those without.
(Sixteen percent compared to twenty percent). In Appleby,fhe
response was the reverse, for eighty-six percent of those
residents with personal flood experience, compared to only
fifty pércent of the others percgived future flooding. A
revised hypothesis for Carlisle, suggested that this somewvhat
anomalous response could be explained by awareness of thgiflood
alleviation schemes. It was purported that flood experienced
respondents would be more aware of schemes implemented to
alleviate the problem. ©Some differences in responses were
observed between flood4experience-and avareness of authoritarian
actions, particularly with the flood forecasting scheme, which
suggested this was the case. (Details of percéption and awareness

are discussed in part 2).

Experience of different numbers of floods also d4id not

appear to effect the perceived future flooding, for there was only
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a slight trend to suggest that those flooded most frequently

perceivea future flooding. In Appleby however, this tfend
was more pronounced with séventy-six percent of residents

flooded once, and ninety percent of those flooded on three
or more occasions, stating that the town would flood in the

next twenty-five years.

Other significant relstionships were obtained between thé
perception of future flooding, and the more extreme the flood
experienced in 1968. For instence, there was a distinct trend
in the responses of residents inundated to different depths.
Only five percent of Carlisle respondents who were flooded to
the outside walls of their premises and eight percent to the
floor boards, believed the area would flood again in the next
twenty-five years. These figures comparea with nineteen percent
of those flooded to a depth of fifteen centimetres, thirty-three
percent to thirty centimetres, thirty-three percent to seveﬁty-
five centimetres, and forty percent of those respondents whose
dwellings suffered even more extensive flooding (table 8-10).
Unfortunately, these figures were statistically invalid for a
chi squared test, and hence.no relationship could be proved.
However, thg response in Appleby to some extent confirmed these
findings, since the proportion of residents perceiving future
flooding, for the same flood depth categories, were sixty-eight,
seventy-five, fifty, one hundred, and one hundred percent '

respectively. -

The duration of flood experienced in 1968 was similarly
related to the perception of future‘flooding. That is, those
respondents who experienced the longest duration flood were more

‘likely to perceive future floods, than residents only inundated
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for short periods. This association was significant at the 0,97

level of'probability, although the flood duration categbries had
to he amalgamated to three to satisfy the requirements of the
chi squared test. Only sixteen percent of those respondents
flooded for the shortest periods, compared to forty-four

percent in the longest duration category, perceived future
flooding. In Appleby, despite the greater perception, the same
trend was apparent with eighty percent of those flooded for up

to six hours, compared to all those flooded for longer durations.

Thus, in both Carlisle and Appleby the more extensive the
flood experienced'in 1968, the greater the perception of future
flooding in the area. This particularly applies to flood depth
and duration, although only a small trend was found with flood
losses. Actual flood experience, and number of floods experienced

were less important in this respect.

As well as_flood experiences, the perception of future
flooding was also related to certain social characteristics of
the flood plain resident. Age of the respondent, for instance,
wés inversely related to perception of future flooding at the
99.9% confidence level. Only thirteen percent of all respondents
in Carlisle perceived future flooding, while seventeen percent
of the middle-aged group, and forty-five percent of the youngest
residents ﬁerceived flooding. This relationship was again
probably a’function of awareness of the authoritarian adjustment
to the flood hazard in the qity, since other residents tended to
'be more aware of such schemes than younger residents (section 2(i).
In Appleby, there was a small trend to suggest that, where there

had been no authoritarian response to alleviate the problem, the

perception of future flooding increases with increasing age.
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Cf the other social variables only tenure of household

produced significantly different responses fo the perception
of future flooding (0.01). Only sixteen percent of house
owners foresaw future flooding comba;ed to thirty-thrée percent
of tenants, while the proportion who completely dismissed the
idea of future floods was seventy-one percent of owners and
thirty~eight percentAof tenants. Several hypotheses were put .
forward to explain this response. Firstly,it was postulated
that because house owners have more at risk than tenants, they
may be more aware of the schemes implemented to alleviate the
problem. There is also a strong association between flood experience
lehgth of residence, and home ownership, which may add to the
greater awareness. Secondly, house owners may, because of the
greater risk, subconsciously deny the existence of the flood
hazard as suggested by Burton etal (1968). Third, it was
suggested that the reamponse may be reflecting the influence of
other independent variables. Since the response in Appleby

- showed no such trends, this may indicgte other factors at work
in Carlisle. In general theiefore, éocial characterisfics do
not appear to determine the perception of future flooding,
except for age Af respondent and tenure of household. Other
social traité, such as sex, education, occupation, length of
residence, and family structure showed no such significant
relationships.

The perceived change in the flood risk in both Carlisle and
Applebybis shown in table 8~11. Eighty-one percent of respoundents
in Carlisle perceived a decrease in the hazard in the city, .
four percent an increase, and nine percent saw no changes in the

.risk. In contrast, of the total Appleby residents, forty-six



percent perceived a decrease, two percent an increase and
forty-three percent saw no change. These fwo responses were
significantly different at the 99.9 percent level of confidence
according to the chi squared test. While this response had
been anticipated in Carlisle, where the local authority had
implemented a large-scale flood alleviation scheme throughout
the city,and hence hbpefully reduced the flood risk, in Applebhy
no such adjustment to the hazard had been made, and so the high
proportion perceiving a decrease was somewhat surprising.

(The reasons given by respondents for the perceived decreased
in the hazard are analysed in the followingAsection of this

chapter).

The response to the perceived change in thé flood hazard
précluded any statistical tests on the dafa from Carlisle,
because of the vast majority perceiving a decrease in the rick.
However, even by visual obsefvation of the figures,no apbarent

trends ewmerged ffom-these responses to suggest that either
Aflood experiences or social characteristics were the main
determinants of this response. Greater understanding is

gained from the - analyses of the reasons given for the perqeived

decrease in the hazard.

Perception of the flood hazard, therefore, was significantly

related t§ several independent variables, notably the degree of
flood experiénce in 1968. ‘In general, the more extreme fhe-
flooding, the greater the perceived probability of future
flooding. Actual flood experience was less important, although
residents with personal experience were less likely to perceive
future flooding than those without. This apparently inverted

relationship is explained by the greater awareness of the flood
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TABLE 8-11

Residents

: Perceived change in flood risk

Carlisle Appleby Total
Increasing risk 8 4% 1 2% 9 3%
Decreasing risk 176 81 20 L6 196 75
No change in risk 19 9 19 43 38 15
Did not know 15 7 4 9 19 7
Total 218 101 L4 100 262 100
TABLE 8-12

Residents : Respondents fear of flooding '

Carlisle Appleby Total
A lot 8 L% 5 1% 13 5%
Some 17 8 12 27 29 11
A little 36 17 15 34 51 20
Not at all 154 72 12 27 166 64
Total 215 101 bt 99 259 100
Did not know (3)



485

alleviation project implemented in Carlisle. Social factors,
particularly, age and length of residence produced similar
reSults to flood experience and hence probably reflected the
same trends. However,the perceived change in the flood rick
was apparently not related to any of these ?ndependent

variables.

(iii) Degree of fear of the flood hazard:

¢

Fear of the flood hazard was assessed, both directly and
indirectly by the response to qﬁestions nineteen to twenty-two.
In reply to the direct question on the degree of fear of flooding
(number nineteen) seventy-two percent of respondents in Carlisle
expressed no fear what so ever, and, at the opposite extreme,
only four percent worried excessively. Ih Appleby, only twenty-
seven percent of residénts did not worry about flooding and
eleven percent worried a lot, while a further sixty-one percent
worried about the problem to some degree (table 8-12). The
responses from the two communities were significantly different
at the 0.999 level of probability, with considerably greater
fear expreséed by those respondents in Appleby. This difference
essentiall& confirms an earlier hypothesis, that the degrée of
fear of the.hazard'is directly related to the frequency of the |
event. In Appleby, where the actual flood frequency is greater
than in Carlisle, and where the flood plain inhabitants live in
closer proximity to the hazard sourece, the.degree of fear

expressed by the residents is correspondingly higher.

The degree of fear of the flood hazard could be partially
explained by the inherent characteristics of the flood plain

population (described in the previous chapter). For instance,
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a significant association was found within the ninety-five
percent confidence limits between personal-flood experience
and the expressed fear of flooding, Thirty-two percent of
respondents with personal flood experience, expressed some .
degree of fear of the hazard, whereas only twenty-four percent
of those who had never been flooded worried about the problem.
In Appleby the same trend was apparent, despite the greater
fear of flooding, eighty-eight percent of the experienced
residents, compared to fifty percent of the non-experienced

expressing some fear of flooding.

Flood frequency illustrated a more complex relationship
with the degree of feer of the flood hazard, although in
Carlisle the data were not statistically vali& for a chi
sqﬁared test. However, analysis showed that thirty-one percent
éf respondents flooded only once, forty-seven percent of those
flooded twice and only twenty percent of those flooded on three

or more occasions exp;essed some fear of the flood hazard.
(table 8-13) While this response was probably the product of
the limited data in the final category, it could also
demonstrate a break point between two and three floods. ;t was
postulated,therefore, that fear of floods would increase until
two floods (one may produce a low response, if the respondent
believes it to be a once in a life time event, while two could
probably increase the anxiety) when either fhe respondent would
leave the érea or become more adjusted to the floodplain
environment. A similar trend emerged in Appleby, where everyone
flooded.in the past worried to some extent about the problem,
except for fourteen percent of thdse flooded three times or more.
Nevertheless,this does not confirm the hypothesis one way or the

other.
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TABLE 8-13
Residents : Degree of fear of = flooding as a
function of the number of floods

experienced

CARLISLE .

Number of floods - Worried about Did not worry

experienced : flooding about flooding

None 23 2h% 73 76%

Cne ' 29 31 66 69

Two 7 k7 8 53

Three or more 2 20 8 8o

Total 61 28 155 72

TABLE 8-14

Residents ¢ Proportion of residents considering the

flood problem before moving into the area

Carlisle  Appleby Total

Considered problem 5k 25% 10 23% 64 24%
Did not consider problem 158 73 28 64 186 71
Did not know - 6 3 6 122 6

Potal o 218 101 b 101 262" 101
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Other flood characteristics showed a variable relationship
with the degree of fear. For instance, in Carlisle the fear
of flooding was significantly different (0.019) between
residents inundated to various depths in 1968, although it
should be noted, this did not constitute a linear relationship.
The results indicated that residents with flood water inside
their premises and up to a depth of seventy-five centimetres
were more worried about flooding thén_residents flooded only
to the floor boards,; or above sgeventy-five centimetres. This
latter category could represent an anomaly in the data or
genuinely reflect a greater tolerance of flooding by persons
flooded to more extreme depths. However, the Appleby response

did not substantiate this hypothesis.

The duration of the flood in 1968 and the losses incurred
from the inundation made no significant difference to the
degree of fear of the hazard. Nevertheless,there was a slight
trend towards a positive correlation between fear and losses.
For example, only twenty-three percent of those suffering no
financial losses worried about flooding, compared to forty
percent of those with losses up to one hundred pounds, and
forty-three percent of those with even greater losses. The
response in Appleby again showed no significant trends with

either of these variables.

Furfher hypotheses suggested that the remedial action |
undertaken in 1968 could also affect the degree of fear of the
flood hazard. For example, it was postulated that the successful
utilisation of individual adjustments to the hazard would produce
less fear than unsuccessful measures. The Carlisle response

regarding the employment of temporary measures, to some extent,



confirmed this. Of those residents using temporary measures,
thirty percent of those who were successful, compared to forty-
six percent who were unsuccessful, worried about flooding.

The Appleby data again failed to confirm the Carlisle findings.

In conclusion,the fear of flooding appcared to be related
to the actual flood event rather than the other flood
characteristics. However,because the data on certain flood
characteristics was limited, further research is essential

to confirm or reject these particular hypotheses.

The third group of independent factors which appeared to
influence the degree of fear of the flood hazard were social
characteristics. The difference between the sexes in the
expressed fear of flooding was most significant in both Carlisle
and Appleby (within 95% confidence limits). In Carlisle, sixteen
percent of males.and thirty-three percent.of females worried
about flooding, while in Appleby the two percentages were
fifty-six and'eighty?six for males and females respectively.
Two'propositions were put forward to explain this difference :
(i) Males were generally less concerned about the flood problem
than females; (ii) Males were more reluctant to admit to any
fears than females. Whatever the actuél reasongythere is clearly
a significant difference between the expressed fear of the two

8€XES5.

Age of the respondent showed only a slight association with
the degree of fear of the flood hazard., For example, in Carlisle
twenty-seven percent of the youngest, twenty-seven percent of the
middle-aged and thirty‘percent of the eldest worried about

flooding to some extent. Howefer,the proportion of residents

i
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who werried more than just a little were eight, éight and

seventeen percent for the three age categories. The same
trend was found in Appleby, where ol@er residents expressed

a more intensive fear of flooding. Naturally, older residents
are less mobile, frequently live alone, and .incidentally often
have greater experience of flooding, and are more likely to

fear flooding than a young newcomer to the area.

The other social characteristics such as family structure,
length of residence, education and occupation showed no significaﬁt
trends as far as the fear of flooding was concerned. One |
noticeable aspect was that in Carlisle semi-skilled workers
(32%) and professional workers (42%) expressed the greatest
fear, which also corresponds.to the groups suffering the
greatest losses in 1968. In general however, these social
factors did not appear to influence the extent of fear of the

flood hazard.

Fear of flo;ding was directly related to those variables
measuring the perception of the flooa hazard, as illu#trated
in figure b, ‘For example, residents perceiving future flooding
in the area also had greater fear of the hazard. 1In Carlisle,
foQty-nine percent of the respondents who foresaw future
flooding also worried about the flood problem, whereas by
comparison, only nineteen percent of those who perceived no
future flooding, expressed any degree of fear., These reéponses
were significantly different within the ninety~nine percent
confidence limits. In Appleby, the same relationship was
apparent despite only a small proportion of respondents

perceiving no flooding.
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Perceived change in the flood risk was also related to the

degree of fear. In Appleby, forty~-seven percent of residents

who perceived no change in the hazard were worried about the
problem, compared to only twenty percent of those who perceived
a decrease. Naturally, fear diminishes with a perceived decrease
in the risk. The Carlisle results showed only a small trend
because such a large majority perceived a decrease in the
hazard, twenty-six percent compared to thirty-nine percent

&

worried.

In Carlisle,those residents who perceived that enough had
been done to alleviate the problem worried significantly less
than those who believed that insufficient measures had been
taken and those who did not know. The proportion of
respoﬁdents worried about flooding in each case were twenty-two
percent, fifty-one percent, and thirty-three percent respectively.
The Appleby response, alfhough not strictly comparable because
of the altered question structure, did not produce significant

results.

The faith placed in government and individual actions was
purported to influence the fear.of flooding. However, in Carlisle
these two variables made no appreciable difference to the |
expressed degree of fear, although in Appleby, residents with
faith in.either the government or individual adjustments were
less likeiy to worry about the flood hazard, than those with.
little §r no faith. For example, fifty percent of those who
believed the individual could overcome the flood problem did not
worry about flooding, while conversely seventy-eight percent of

those residents without such faith worried about the problem to
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some degree., Similarly, for government action, thirty-two
percent compared to fifty-four percent worried more than a
little about flooding. Hence other perceived aspects of

the flood hazard are inextricably linked with fear of flooding.

A further assessment of the degree of fear of the flood
hazard was made by examining the responses to questions twenty,
twenty-one and twenty-two. Question twenty asked which
residents had considered the flood problem before locating in
their present residence, since tho;e who had were more likely
to value a flood-free site highly in their reasons for choosing
such a location. The response to this question is shown in
table 8-14, twenty-five percent of respondents in Carlisle and
twenty-three percent in Appleby had considered the problem.
There was no statistically significant difference between the
two, although seventy-eight percent of those residents in
Carlisle (fifty percent in Appleby) who had considered the
flood problém, had moved into the flood prone area since the
last flood. The proportion who had considered the problem was
fairly low in.qomparison with the first Atlanta study (James
et al 1971) where forty-three percent of residents had
considered.the flood problem before locating on the floodplain,
although, in Britain, in a similar study the figure was only
thirty pefcent (Penning-Rowsell 1972). The current studies,
therefore, would indicate a distinct difference between the

two countries -in this respect. o

To some extent, the degree of fear was also measured by a
relocation factor, although this could also be termed the
tolerance level of the respondent. Interviewees were requested

to state, if given the same choice they would relocate in the
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same building. Table 8-15 shows the similarity between the
responses from Carlisle and Appleby, with eighty-six and
eighty-nine percent respectively, replying positively to thev
question. These figures, therefore, suggest that flooding is
not regarded as a major problem by the majority of residents.
However, those residents who have moved away from the flood
areas, since the last flood, may have had an entirely different

perception of the hazard.

¢

To further test the tolerance levels and degree of fear of
flooding, respondents were asked the hypothetical question,
twould you leave this building forever if you were flooded each
year for the next three years?' 1In Carlisle, sixty-eight percent
of respondents said they would definitely leave and only twenty-
four éercent stay. This contrasted significahtly with the
Appleby response (0.001) since only thirty percent would 1eéve
and fifty-nine percent remain (table 8-16). Thus, it would
appear that while Appleby residents are living under considerably
greater stress with respect to the greater flood risk, they are
at the same time more attached to their home environment. For
instance,Appleby residents worry about flooding to a greatgr
extent than residents in Carliéle, and yet fewer Appleby
residents would leave if the flooding became more serious.
However,-éiven the present conditions the majority of both

communities are content to remain in the same building.

As expected,there was a close association between these
latter variables and the degree of fear. That is,those
residents in Carlisle who would not relocate in the same building,

and those who considered the flood problem before locating



TABLE 8-15
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Residents : Proportion of respondents who given the

same choice would relocate in the same area

Carlisle Appleby Total
Would relocate 188 86% 39 89% 227 87%
Would not relocate 22 10 L 9 26 10
Did not know 8 4 1 2 9 3
Total : 218 100 kb 100 262 100

TABLE 8-16

Residents : Proportion of respondents who would leave

the area if flooded three years in succession

Carlisle

Appleby Total
‘Leave : 48 68% 13 30% 161 61%
Stay ' 53 24 26 59 79 30
Did not know ' 17 8 5 11 22 8
Total 218 100 44 100 262 99




expressed greater fear than others. Nevertheless, only the
relocation factor was significant in Carlisle and no

associations were apparent.in Appleby.

The relationship between the independent factors of
structure, social and flood characteristics' with the dependent
variables of general perception, perception of the flood
hazard and the degree of fear of flooding, confirmed many of
the hypotheses set up during the formative stages of the
recearch. The complete relationship , significant at the 0.05
- level, between these variables is shown diagramatically in
figures 8~1, 8-2 and 8-3/i.(The key to the variable numbers
can be found in appendix II). These figures, based on the data
from Carlisle, clearly illustrate the relative importance of the
various independent factors in determining residential perception
end fear. The general perception variables, for example, show‘
the gfeatest association with social characteristics - and
structural features, rather than a relationship with any degree
of flood experience., This t?end in fact confirmed the results
of earlier studies,‘that the perception of a problem is related
to the frequency of the event, The different conditions in the
three flood zones of Carlisie produced significantly différent
results in this respect. In contrast to this, perception of
the flood hazard in relation to other named hazards and problens,
showed a greater association with the degree of personal flood
experience. Again the research hypothesis purported that
experienced residents would be more likely to perceive a flood
problem in the area than non-experienced residents. However,
where social characteristics and flood features were fully

expected to influence significantly residential perception, that
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was concerning the perception of future flooding and the

perceived change in the flood risk, very little association
was apparent. Only age and tenure of household bore any

relation to these perception variables.

The degree of fear expressed by the reépondents, also
confirmed certain reasearch hypotheses, when analysed in
conjunction with the independent variables. For example, it
was hypothesised that personal flood experience would lead
to greater worry about the problem unless the respondent had
been flooded so frequently, that he was now fully adjusted to
the environment. Flood experience data, and statistics on the
number of floods experienced in particular showed this trend.
Similarly, there was a signifiCant association with flood depth,
whi?h showed that those residents flooded to the lowest aﬁd
those to the greatest depths worried least about flooding. The
association of other independent variables with the expressed
degree of fear of flooding was less clear. Age, family structure
Aand length of residence were all significantly related to
different aspects of fear measure, although they all essentially
showea that younger respondents, those resident in the area for
shortest time and those with smaller families would be more likely
to leave the area if the flOOd‘problem becaﬁe worse, Structural
factors were found to have no relation with the degree of fear
whatsoever. It had been suggested that residents in flats
and bnngaloﬁs might express greater fear because of the problems
of removing valuables to higher levels, but this was not found

to be the casee.

In conclusion,perception of the flood hazard and the degrece
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of fear of flooding is'probably influenced to the greatest
extent by personal experience of flooding and.to lesser extent
by social characteristics. However, since social characteristicé
are more readily available from census data, these could prove
invaluable in pre@icting residential perception and fear of
the flood hazard. Further studies, therefore, are necessary to

confirm these findings.



Varisbles relevant to figures 8-1 to 8-7.

INDEPENDENT FACTORS

(A) Structural factors

(B) Physical factors

(i) Characteristics of flood experience.
(ii) Help received during the 1968 flood.

(iii) Actions undertaken during the 19868 flood.

(C) Social factors

DEPENDENT FACTORS

(D) Perception of the hazard

(i) Perceived future flood hazard.

(ii) Environmental problems and natural hazards.

(1ii) General perception variables.

(E) Degree of fear of flooding

(F) Perception and awareness of individual remedial measures

(i) Perceived response to a flood warning.

(ii) Perceived effectiveness of individual measures.

(iii) Other responses.

(G) Perception and awareness of suthoritarian alleviation schemes.

(i) Awareness of authoritarian schemes.

_(ii) Avareness of the flood forecasting and warning scheme.

{41ii) Perceived faith in authoritarian measures.
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Fig, 8-1, Carlisle residents: significant relationships between
structural factors (A) and variables of perception of
the flood hazard (D) and the degree of fear of flooding
(E) using the chi squared test (see appendix II for list
of variables), -
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Pig, 8-2, Carlisle residents: significant relationships between
social factors (C) and variables of perception of the
flood hazard (D) and the degree of fear of flooding (E)
using the chi squared test (see appendix II for 1ist of

variables ).
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Fig, 8-3, Carlisle residents: significant relationships between
physical factors (3B)
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2. Awareness of the authoritarian responce to the flood hazard

The early research hypotheses purported that awareness of
the suthoritarian response to the flood hazard, along with a
perceived faith in the ability of such schemes would significantly
alter flood plain residents’ attitudes and behaviour patterns.
Thus, it was suggested that the perceived effectiveness of flcod
alleviation schcmes is actually more important than the ‘real
design standards of the project in any consideration of flood
plain decision-making. Three aspects of awareness of flood
alleviation schemes, therefore, were incorporated into the

questionnaire:
(i) General awareness of authoritarian adjustments
(ii) Awareness of the flood forecasting scheme.
(iii) Opinions on different alleviation project

strategies.

(i) General avareness of authoritarian adjustments

The second part of question twenty-five was designed to
assess the awareness of any schemes, implemented in eithef‘of
the communities, to reduce the flood hazard. Respondents who
perceived a decrease in the first part of the question were then
asked what reasons they had for perceiving such a change in the
flood risk. Table 8-17 shows the proportion of respondents
perceiving a decrease in the hazard and the reasons given for
this belief. In Carlisle, eighty-six percent of these respondents
attributed the decrease to the construction of flood embankments

and walls, while twenty-three percent specified river course
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alterations o and twelve percent cleaning rivers. This response
showed a generally high awareness of the authoritarian response
to the flood hazard, for all these measures have been employed
at different times, in various parts of the city. However, the
most important and recent authoritarian adjustment was the
embankment system, which not surprisingly was mentioned by the

majority of respondents.

The response in Appleby produced quite different results.
Sixty percent of respondents who perceived a decreasse in the
flood risk, attributed the cause to the cleaning of the River
Eden, while fifty-five percent mentioned river course alterations,
and a further ten percent river banks and walls. However;none of
these measures had been carried out in the town, at least in
recent years, for the express purpose of flood alleviation. A
certain amount of work had been undertaken on the River Eden a
few niles downstream of the town of Bolton, but, according fo
thie Water Authority, this was not expected to cause any significant
difference to the frequency of flooding in Appleby. .(Personal
communication,1974). Similarly, the river banks in Appleby had
been repaired, but this was for aesthetic reasons, and not for

flood alleviation purposes.

A further six percent of respondents in Carlisle and twenty
percent in Appleby intimated that climatic factors had been the
cause of the (perceived) decrease in flood risk. While this
would be extremely difficult to ass;ss with any degree of
accuracy for such a short period, floods have occurred less

frequently, particularly in Appleby since the 1968 event. It is

also true that rainfall during the first four years of the 1970's ,
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TABLE 8-17.
Residents : Reasons given for the perceived decrease in
flood risk
Carlisle Appleby Total
Climatic changes 11 6% L 20% 15 8%
Motorway construction 5 3 0 0 5 3
Town building o o0 o o© 0 o
Cleaning rivers 21 12 12 60 33 17
Building river banks 151 86 2 10 153 78
Reservoir management 2 1 0 0 2 1
Other Lo 23 1 55 51 26
Total (176)131 (20) 145 (196)133
(% of those suggesting the flood risk had
decreased)
TABLE 8-18

Residents : Proportion of respondents who believe enough

has been done in Carlisle to prevent future

flooding
Carlisle Residents
Enough done ' 131 60%
Not enough done 33 - 15
Did not know ‘ Sk 25

Total 218 100




especially 1971 to 1973,was below the average for Cumbria,based
on the 1915 to 1950 data. (Monthly Weather-Reports 1970 - 1973).
In considering the short-term hydromgteoroiogical characteristics
of the area, therefore, some reference to climatic factors was

to be expected.

The factors influencing this perception did not emerge very
clearly from the analyses with the independent variables. In.'
Carlisle, the reasons given for the perceived decrease did vary
according to spatial location of the respondent in the town,
and results confirmed the hypothesis that residents were more
aware of adjustments in their own locality than throughout the
city. For example, the largest proportion of respondents
. mentioning the embankment system lived in Brunton Park, while
cleaning rivers, and other course alterations were favoured by
residents in Botcherby and Caldewgate. In Appleby,there waé no

clear variation between the areas.

The degree of flood experience produced no significant
relationships in Carlisle to explain'this perception, although
in Appleby several trends were observéd. The cleaning of rifers,
for instance, vas suggested as a reason for the perceived -
decrease in the hazard by seventy-one percent of residents with
personal flood experience compared to only twenty-nine percent
without. Alternatively, other course alterations were favoured
by the non-experienced group (eighty-six percent) comparéd ﬁo
the experienced residents (thirty-six percent). In general
however, flood charateristics did not appear significantly to

influence the perceived change in the flood hazard.
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The response to the causes of the perceived decrease in
the flood hazard to some extent confirmed the research
hypotheses, when analysed as a fﬁnction of social characteristics.
For instance, in Carlisle age of the respondents indicated
several variations in perception of these causes, particularly
the correlation between increasing age and the older adjustments
to the hazard. The older residents were more likely to suggest
other course alterations as a reason (correlation of ~0.2472 at
the 0.001 level of significance) frequently referring to the
work on the Eden gnd Caldew in Caldewgate, and the Petteril in
Brunton Park/Botcherby. (for details see chapter six). The
more recent scheme (flood embankments) was mofe generally known

throughout the different age categories.

bther social factors, such as, sex, length of residence,
education, and occupation did not produce significant associations
with any of the reasons.for the perceived decrease in the flood
hazard. Also. in Appleby, no trends were apﬁarent,although here
the situation was complicated because‘the authorities had not
implemented any flood alleviation programme, despite the beliefs
of the flood plain residents to the contrary. For the most
part, therefore, social factors played only a minimal role in
the perceived change in the flood hazard. In the final analysis,
Appleby résidents were probably more aware of the hazard than
residents in Carlisle, although thé Appleby residents were-more
likely to assume a high degree of optimism regarding the flood
hazard, since many respondents perceived a decfease in the
problem. Carlisle respondents on the other hand maintained a
high level of faith in the ability of the authorities to

eradicate the problem.
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Awareness of the Authoritarian response to the flood

hazard was further tested by gquestion twenty-six, which differed
slightly for the two communities. In Carlisle, where there had
been considerable authoritarian adjustment, respondents were
acked whether enough had been done in the city to overcome the
flood problem; whereas in Appleby, where there had been no
positive response by the authorities, residents were asked if -

anything had been done to alleviate the flood problem.

¢

In Carlisle, sixty percent of respondents believed that
enough had beeh done to prevent future flooding, and only
fifteen percent thought that insufficient action had been
undertaken. (table 8-18)..Thus, only six years after a major
flood, the majority of residentsbelieved the problem had been
eliminated. A frequent response to this question was to the

effect that ‘they had stopped all that (flooding)'.

An analysis of these results in Carlisle illustrated some
significant rélationships, although these beliefs were not
explained by any independent factors. For example, ninety-one
percent of respbndents who believed enough had been done in the
city, perceived a decrease in the flood risk, although seventy-
two percent of those who did not believe enough had been done
also perceived a decrease in the risk. However, these resﬁonses
were sigﬁificantly different above the ninety-five percent
level of confidence. Similarly, there was also a éignificaﬁt
relationship (within the ninety-nine percent confidence limit)
between perceived future flooding, and the belief that the
authority have stopped the flood problem. Eighty percent of
respondents who belie#ed enough had been done, perceived no

future flooding. while thirty-three percent who believed that
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insufficient action had been taken foresaw future flooding.

Appleby residents responded to the amended question
slightly differently. Fifty-two percent of residents
specified that something had been done to alleviate the flood
problem in the town, and only thirty-six pefcent were aware
that nothing had been done. (table 8-19) This response was
quite exceptional considering no alleviaticn scheme had been
implemented in the town. However, informal discussions with
the local residents gave some indication as to the causes of
these false perceptions. For instance, work had been carried
out on the river in recent years, but unfortunately this has
been construction work for a new sewer pipe, and the improvement

of the river banks for a tourist attraction, and definitely not

flood alleviation work.

While this response could not be explained in terms of
the environmental or social factors, certain relationships
similar to those in Carliele were established with other
perception variables. Seventyfone percent of those residents
who perceived some authoritarian action also perceived a
decrease in the flood hazard while only twenty-nine percent
believed there had been no change. This compared with ninefeen'
percent and seventy~five percent respectively who did not
perceive.any authoritarian response to prevent flooding.

(ii) Awareness of the flood forecasting system

To test for more detailed knowledge of authoritarian
response, a specific question was included in the survey

concerning flood forecasting and warning schemes; the response



TABLE 8-19

Residents @

Proportion of respondents who believe something
has been done in Appleby to prevent future

flooding
Appleby Residents
Action 23 52%
No action 16 36
Did not know 5 11
Total L 99
TABLE 8-20

Residents @

Respondents knowledge of flood warning
scheme for this area. (Carlisle had a
public flood warning scheme although there
is no such scheme for Appleby).

Carlisle Appledby
Warning system 92 42% _ 32 73%
No warning system 78 36 10 23
Did not know 48 22 2 5
Total 218 100 Ly 101
TABLE 8-21 )

Residents : Respondents belief in the reliability of
the flood warning scheme

Carlisle Appleby
Reliable 36 39‘% 29 91(;5
Unreliable 0 . 0
Did not know 56 61 : 3 9

Total

92 100 32 100
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to which is shown in table 8-20. However, again a strict
comparison between the two communities was not possible with
this question, because of €he different characteristics
prevailing at each centre at the time of the survey. For
instance, a flood forecasting and warning scheme had been in
operation since at least 1970 in Carlisle, whereas no such
scheme existed in Appleby, because of the technical difficultics
of providing an accurate forecast combined with an adeéuate

warning period (see chapter six for details).

Despite the sophisticated flood warning scheme employed
in Carlisle, the current level of awareness of the scheme is
very low, since only fortj—two percent knew about the scheme,_
and the rest either were not sure or said there was no such
scheﬁe. Considering that the scheme had Seen operéﬁionallfbr
several years at the time of the survey, and that the procédure
for disseminating the warning message involved all the flood
plain residents-at different levels within a pyramidal system,
very few respondents were apparently éware bfyfhe scheme. The
question remgins, therefore, how would these people respond in
the event of an unexpected flood warning, and would the varning
message be~sucéessfully transmitted throughout the flood prone
areas? It is doubtful if either of these would be very efficient

given a real flood warning.

The Appleby response was perhaps more remarkable, because
seventy-three percent of residents believed that a flood
forecasting and warning scheme operated in the town, when in
fact no such scheme.eﬁisted. This high level of awareness was

probably due to confusion over. the purpose of the river level
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recording station located at Appleby. In effect this had little 2

value for the town of Appleby, for it is essentially a part of
the back-up mechanism and check station for the Carlisle warning
system. Thus, the responses from the two communities were the
reverse of the actual situation regarding flood warning schemes.
Naturally, this wrong belief could create dangers in both

Carlisle and Appleby in the event of a flood warning.

Those respondents who were awafé of the flood warning
scheme were also requested to give ﬁn appraisal of the
reliability of the scheme. (table 8-21). Thirty-nine percent
of respondents avare of the Carlisle system found the scheme
reliable, while the rest did not know, because it had yet to be
tested. Ninety-one percent of Appleby respondents found the

scheme reliable despite the absence of such a scheme.

The awareness of the flood forecasting and warning scheme
varied significantly with certain independent factors, which
would suggest that some residential types were more likely to
be aware‘of the scheme than others. For example, in Carlisle
significantly different levels of awareness were obtained from
the three areas of the city. Forty percent of respondents in
Brunton Park, fifty-four percent in Botcherby and only twenty
percent in Caldewgate were aware of the warning system. in
Caldewgate the proportion was undogbtedly low, because the scheme
was never fully extende& to this area, however the others had
been in position to receive warning; for several years. The
relatively low level of awareness in these other cases may be
explained by the proportion of residents with personal flood

experience., Fifty-six percent of the respondents with flood

experience were aware of the flood warning system compared to
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only twenty-eight percent of the non~experienced. This

difference was significant at the 0.999 level of probability.
Further trends in the data suggested that the more extensive
the flood experience in 1968, the greater the probability of
awareness., ror example, only fifty~four percent of respondents
flooded once were aware of the scheme, while sixty percent of
those flooded twice,‘and seventy percent of those flooded on

three or more occasions were aware of the scheme,

An analysis of the response in Appleby brought about a
refinement to the above theory. Evidence suggested that the
more extreme the experience of flooding the greater the
probability that perception and reality will be equated. For
instance, fewer residents with personal flood experience (65%)
coapared to non-experienced (83%) perceivéd (falsely) the
existence of a flood warning scheme. Different characteristics
of the flood hazard also showed this trend. None of those
residents flooded three or more times, seventy percent of those
flooded twice ana all those fiooded'oﬁly once believed there
was a flood warning scheme in Appleby. Similarly, those
residents suffering the greatest monetary losses in 1968 were
less likely to perceive a warning scheme, while flood duration
and depth produced much the same trends only to a lesser degree.
Clearly, in both communities the perception of authoritarian
measures was greatly enhanged by personal experience, while more
accurate pérception was fouhd amongst residents flooded to the

greatest extremes. .

\

Of the social factors only age, length of residence and tenure

of the household were significantly related to awareness of the



flood warning schemé in Carlisle. Older residents were more
awvare of the scheme than younger residents;(0.005 level of
significance). Fifty percent of thg older residents compared -
to thirty-seven percent of the middle aged and only thirteen
percent of the youngest were aware of the warning scheme.

A similar trend was observed in the length of residence data,
which also produced.a very high level of significance. However,

since the major difference was between newcomers to the area,

and others, this probably reflects flood experience, rather than .

purely length of residence in the area. Tenure of the household
also produced significantly different results, the responses
suggesting that home owners were more aware than tenants of
measures taken to alleviate the flood problem. Thus older
residents, those who have lived in the area for longer periods
and house owners are the most likely to be aware of the flood

forecasting and warning schemes.

In conclusion, the awareness of the flooa forecasting scheme
in Carlisle, and the belief of one in.Appleby was more likely to
be accurately perceived by some residents than others. Results
suggested quite significantly, that those residents with personal
flood experience were generally more aware of the actual
situation, than non-experienced residents, and that the greater
the extent of flood experience in 1968, the more accurate the

perception. In terms of social factors, older residents,

respondents resident in the area for a long time, and home owners

were also more likely to be aware whether a forecasting scheme
operated in the town or not, compared to young newcomers in

rented accommodation.
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(iii) Opinions on different allevistion projiect strateries:

Respondents were also.requested to submit opinions on
various aspects of the flood hazard and flood alleviation works.
These questions were designed to provide further information on
the residential perception, of the effectivéncss of different
organisations, and of different proposed programmes to overcome
the flood problem. For example,table 8-22 shows the response.
to the question 'what is the most reliable source of information
on the flood hazard?' In Carlisle, the police were considered
the most reliable organisation by forty-four percent of the
respondents, while other sources of information, such as local
radio, the river authority, and own judgement were mentioned
by fifteen to twenty percent of respondents each. Where
Carlisle respondents would depend very heavily on the police,
the Appleby residents were considerably more independent, since
forty-eight percent would rely on their own judgement. Thié
independent trend was furtﬁer confirmed by the response to
other questions on perceived individual behaviour as shown in

section three of this chapter,

The contrast between the two communities reflects the"general
trend for greater independence by residents of small settlements
compared to those of large cities. It may also help that
Appleby residents can see the river more easily, and hence are
more likeli to rely on their own ju@gement. Penning-Rowseli
(1971) found similar responses to that in Appleby in the small
settlements in the North Gloucesterchire region, where thirty-

five percent suggested they would rely on their own judgement.
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TABLE 8-22 '

Residents : Most reliable source of information on

flood risk in the area

Carlisle Appleby Total
Council 8 4% 3 %% 11 4o
Police 96 L4 16 36 112 43
Local radio 33 15 - 0 23 13
River authority k1 19 3 2 b 19
Own judgement 3k 16 21 48 55 21
Others 6 3 1 2 7?7 3
Total 218 101 ki 100 262 101

TABLE 8-23

Residents : Opinions on upstream surface reservoirs

as a means of alleviating the flooding

Carlisle Appleby . Total

Strongly favour 52 24% 8 18% 60 23%
Favour somewhat 81 37 10 23 91 35
Oppose somewhat 50 23 5 11 55 21
Strongly oppose 13 6 12 29 25 10
Did not know 22 10 9 20 37 12




Question thirty~-six, subdivided into eight parts, provided
further information on the opinions of flood élain residents
towards various strategies in flood piain alleviation. To make
these relevant to the interviewee, the schemes and proposals

were suggested for the two communities by name.

Upstream surface reserVOirs, as a means of alleviating the .
flooding downstream, were favoured by sixty-one percent of
respondents in Carlisle, but by only forty-one percent in
Appleby. Twenty-seven percent of Appleby residents were strongly
opposed to such o measure compared to only six percent in
Carlisle (table 8-23). This difference between respondents for
and against the scheme was significant at the ninety-five percent

level. of confidence. The probable reason for this difference

was a perceived degree of risk in the proposed structure. Appleby

residents in response to this question frequently expressed fear
at the thought of living s0 close to a major reservoir, and
hence strongly objectea to the scheme. This kind of attitude
was never found in Carlisle,'presumably because any reservoir

would be well away from the residential areas of the city.

The support for flood embankments as a means of allevié;ing
flo0d losses vas similar for the two communities, although
several trends were observed in the more extremelattitudes
(table 8-24). TForty-eight percent in Carlisle, and only twenty-
seven percent'in Appleby weré strongly in favour of such a
measure, while four pgrcent and sixteen percent respectively,

were strongly oppésed. The response in Carlisle confirmed the

support for the present embankment scheme, and further developments

to the system were seen as adding to the safety margin. In
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TABLE 8-24

Residents : Opinions on the construction of flood
embankments as a means of alleviating
the flooding

Carlisle Appleby Total
Strongly favour 105 48% 12 27%% 117  b4s%
Favour somewhat 51 23 16 36 67 26
Oppose somewhat .51 23 7 16 58 22
Strongly oppose 8 & ? 16 15 6
Did not know 3 1 2 S 5 2
Total 218 99 L4 100 262 101

TABLE 8-25

Residents : Opinions on deepening and widening the

rivers, as a means of alleviating flooding

Carlisle Appleby Total
Strongly favour ' 70 32% 1 25 57% 95 36%
Favour somewhat 68 31 9 20 77 _29
Oppose somewhat 65 30 3 7 - 68 26
Strongly oppose 7 3 | 6 14 13 45
Did not know »8. b 1 2 9 3

Total 218 100 - b4 100 262 99




Applebys strong opposition to the scheme came from residents
concerned about the effect of such measures on the aesthetic

appearance of the town.

The final structural alleviation scheme considered was
the deepening and widening of rivers. The gesponse in Carlisle
indicated that sixty~three percent of residents were generally
favourable to the scheme, and that half of these were strongly
in favour (table 8-25). Even greater support was generated
in Appleby, vhere fifty-seven percent of the residents were
strongly in favour, out of a total of seventy-seven percent
advocating some degree of support. Only three percent in
Carlisle, and fourteen percent in Appleby were in strong
opposition to the measure. These resulis suggest that residents
in both comﬁunities saw this adjustment as effective in
alleviating the flood problem, and as less disruptive to the

loczl environment than other schemes.

Respondents were also given the_opportunity to express
their opinion on preserving the flood plain environment. Table
8-26 shows that forty-five percent of respondents in Carlisle
were in favour of preserving the status quo, which comparéd
to only twenty-seven percent in Appleby. This difference betweén
the two research centres, which was significadt within the ninety-
five percent confidence limits, would suggest that Appleby -
reﬁidents are more dissatisfied Qith the present situation ihan
Carlisle residents. This is understandable, since no adjustment

has been made to alleviate the flood problem in Appleby.
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TABLE 8-26

Residents : Opinions on preserving‘the status quo

in the area

Carlisle Appleby Total
Strongly favour 74 34% 11 25% 85 32%
Favour somewhat 23 11 1 2 2k 9 .
Oppose somevhat 55 25 1M 25 66 25
~ Strongly oppose 62 28 19 43 81 31
Did not know L 1 2 5 6 2
Total 218 99 L4 100 262 99

TABLE 8-27

Residents : Opinions on payment for flood protection -
everyone should pay through rates and taxation

Carlisle "~ Appleby Total
Strongly favour - 162 74% 30 68% 192 75%
Favour somewhat 22 10 5 1 27 10
Oppose somewhat ‘ 20 9 I | 9 2k 9'
Strongly oppose 13 6 3 ? 6 6
Did not knéw 1 : 2 5 3 1

‘Total 218 99 © 44 100 262 99
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Opinions on the finance sources for flood alleviation ‘

schemes were consistent between the two communities, asillustrated
in tables 8~27 and 8-28. Seventy-four gercent of respondents

in Carlisle, and sixty-eight in Appleby, were strongly in

favour of everyone paying for flood protection through rates

and general taxation, while similar proportions were strongly
opposed to the suggestion that only those persons at risk from,
flooding should pay for the protection. This response‘was to

be expected from residents living in flood prone areas, and a

more relevant gomparison would have been with residents living

in safe areas of the city, who would receive no direct benefits

from flood alleviation works.

The most controversial ‘opinion' questions were those
concérning direct government involvement in flood alleviation
programmes. Table 8-29 shows the opinions of floodplain
residents to the suggestion that persons living in flood hazard
areas shoula.receive a government grant to help protect
personal property from flood damage. Neither community produced
a clear majority either for or against the proposal, for
fifty-two percent in Carlisle supported the idea, and forfy-two
opposed, aﬁd in Appleby opinions were equally divided for and
against the schene. Similar opinions were expressed towards
the suggestion that flood plain residents should be rehoused
to safer areas by the government. 'Fifty percent of Carlisle
respondents were in favour of this measure and forty-four percent
opposed, while in Appleby the proportion for and against was
thirty-six percent and fifty-five percent (table 8-30). The
larger proportion opposed to such a rehousing policy in

Appleby reflgcts the greater affinity for the home environment,



TABLE 8-28

Residents

522

: Opinions on payment for flood protection =~

only those at risk to flooding should pay

Carlisle Appleby Total
Strongly favour 15 7% 3 % 18 7%
Favour somewhat 17 8 4 9 21 8
Oppose somewhat 23 11 5 11 28 11
Strongly oppose 162 74 30 68 192 73
Did not know 1 2 5 3 1
Total 218 100 44 100 262 100
TABLE 8-22

Residents

¢ Opinions on a government grant for those

in flood areas to protect themselves

Carlisle - . Appleby Total
Strongly favour 56 26% 9 20% 65 25%
Favour somewhat 56 26 13 30 69 26
Oppose somewhat 57 26 11 25 68 26
Strongly oppose 35 16 11 25 46 18
Did not know %6 4 s

218 100 L4 100 262 100

Total
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TABLE 8-30

Residents : Opinions on government rehousing of those

in high flood risk areas

Carlisle Appleﬁ& Total
Strongly favour ' ko 22% 5 11% 52 20% .
Favour somewhat 60 28 11 25 71 27
Oppose somewhat 25 11 6 14 31 12
Strongly oppose 73 33 18 41 91 35
Did not know , 13 6 3 7 16 6
Total 218 100 Ly 98 . 262 100

TABLE 8-31

Residents : Proportion of respondents who believe
individual action can overcome the

problem of flooding

Carlisle Appleby Total
Overcome problem 29 13% 8 18% 37 4%
Not overcome problem 188 86 36 82 224 86
Did not know 1 1

Total 218 99 44 100 262 100




and the reluctance of residents to leave the area, in spite of

the considerable stress from flooding.

Significantly different responses were obtained for several
‘of these opinion questions from various environmental, social
and structural factors. For example, in Caélisle the views on
government grants and rehousing varied significantly between
the three areas. Eighty percent of respondents in Caldewgate.
were in favour of the schemes.cOmpared to fifty-five percent
in Brunton Park and only thirty-six percent in Botcherby;
Similar trendé were apparent for the proposed structural
schemes, although it should be noted that areal location is not
the causal factor, but it merely reflects other social and
environmental characteristics inherent in_each area. In Appleby,
structural factors did not produce any significant different
responses, although in general the residents of Holme area were
less favourable towards flood alleviation schemes than'the other

two areas.

Personal flood experience was again an important

characteristic. More non-experienced respondents (eighty percent)

than flood experienced (sixty-six percent) favoured larger

embankments in Carlisle as a further flood precaution measure.

(These results_were different at the 0.0354 level of significance)

while the reverse relationship tended to favour upstream
reservoirs. Experienced residents, therefore, appeared to be
contented with the present embankment system, but would still
favour ‘remote' measures,whereas non-exberienced residents weré
more concerned with additional safety in the town. The same

trends were apparent in Appleby, though these were not as extreme
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as Carlisle. For example, eighty-five percent of the flood

experienéed residents compared to seventy~one percent of the
non-experienced favoured the deepening and widening of rivers.
;t is feasible that the flood experienced residents are more
avare of the value or necessity of different schemes than those

with no personal experience,

Certain social factors were also associated with the

opinions expressed in question thirty-six. There was, for
example, a significant difference between the responses from the
different age'groups at the ninety~-nine percent level of
confidence, which indicated an inverse relationship between
increasing age, and support for a flood embankment scheme.

A similar trend was observed for age response and support for
the deepening and widening of rivers, sigﬁificant at the ninety~-
five percent level. Length of residence of the respondent also
produce& significantly different support for the fiood embankment
scheme (0.0126). Clearly, in Carlisle older residents were more
conservative in their attitudes towards flood alleviation
measures and were generally more satisfied with the current

situation.

In Appleby a different trend emerged from the age and
length of residence data. 1In this case,there was a tendency
for older residents, and those of longest residence in the town
to favour structural schemes, particularly flood embankmenté
and other river course alterations. Howevef,,the overall
proportions in favour were still less than in Carlisle, except
for deepening the river. These differences may be explained by
the different environmental conditions found at each research

centre. For example, it was postulated that residents perceiving



flooding in the next twenty-five years would be most likely to
favour structural flood alleviation schemes. Analyses of the
responses to these questions indicated that this hypothesis

was probably correct. In Carlisle,eighty-nine percent of
fespondents who foresaw.futurc flooding, also favoured upland
reservoirs, and ninety percent favoured the‘flood embankment
scheme., By contrast,only sixty-three percent and sixty-six
_percent respectively of those who did not perceive future
flooding, supported the two schemes. Both these responses were
significantly different at the ninety-nine percent level;
Further confifmation of this association was afforded from thosé
respondents favouring the préservation of the current situnation.
In this case only twenty-four percent of those perceiving

future flooding supported the proposai, compared to fifty~five
percent of those who thought the area now safe. The Appleby
data did not confirm these findings, but instead produced the
converse relationships. However, this anomaly may be explained
by the extremely low proportion of respondents who did not

foresee future flooding.

One trend not explained by the above analyses is the reason
for the consistently lower proportion of respondents in Aépleby
in favour of the proposed allevation schehes, compared to
Carlisle,pafticularly since other evidence would indicate the

opposite response. For instance;
(a) there is greater frequency of flooding in Appleby

(b) Appleby residents have a greater faith in the

ability of the. authorities to control flooding.
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(¢) Appleby residents have a greater belief that
something should be done to alleviate the

problen.

Qther factors, therefore, must be operating in Appleby to
rcduce the level of support for alleviation schemes., It was
found both from the questionnnaire data and council records
(chapter six) that Appleby residents have a stronger feeling
for their local environment and wouid be less willing to
disturb the aesthetic appearance oféthe town, even to reduce
the psychological stress of flooding, than Carlisle residents.
Hence, the only scheme well supported in Appleby was deepening

the river, which would interfer with the environment {o a

lesser extent than alternative schemes.

Opinions on government rehousing proposals differed
significantly between house owners and tenants. Fifty percent
of owners and seventy-six percent of tenants in Carlisle
supported the measure, although the majority of the residents
gave thelproviso 'if the fiooding became serious'. The
difference betweeﬁ the tenants and owners, however, confirmed
the hypothesis that owners would be less willing to vacate
their property than tenants. Also, owners had lived in the
area for &8 significantly longer period than tenants, and hence

would be less willing to move., 1In Appleby,thére was no

association between tenure and opinions on the proposed schemes,

but since there was also no relationship between owners and
greater length of residence either, it would appear that

length of residence may be the critical variable in Carlisle.
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In conclusion, the influence of social variables and '

environmental factors on the opinions of residents towards

a variety of alleviation schemes was quite diverse. Age of

the respondents, length of residence and tenure of the household
appeared to significantly influence residential attitudes both
in Carlisle and Appleby, while personal flood experience had

an even greater effect on most opinions.

One significant point to emerge from this aspect of the
study was the effect of different s;cial characteristics of the
flood plain population, on the awareness of authoritarian
measures. The general relationship between the perceived
authoritarian actions and the independent variables in Carlisle
are shown diagramatically in figures 8-4, 8-5 and 8-6. For
instance, older residents were generally mbre aware of various
flood alleviation schemes, other than the flood embankment |
system, which had been implemented in Carlisle on earlier
occasions. 'Similarly;older residents showed greater awareness
of the flood wafning schemes; a trend also common to residents
of longest durétion in the area. It was also noticeable that
areal location played a sigrnificant role in awareness, with
respondenté principally stating those alleviation measureé ,
jmplemented in their particular area. The environmental factors
were less important than personal traits, except in that flood
erperienced respondents were more aware of the flood warning
scheme than non-experienced residents. However, this could
be a function of length of residence since the scheme was

jnitiated after the last flood.
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Thus, awareness of authoritarian action to alleviate the
flood proﬁlem is essentially a product of the social and
structural characteristics of the flood plain resident. This
result corresponds to the findings of Roder (1961) on the
Topeka flood plain, where awareness was found to relate to certain
social features. However,the Cumbrian study would also suggest
that proximity of any scheme is also an important factor
determining awareness. The Appleby data confirmed this by the

false awareness of the flood forecasting and warning scheme.
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Fig. 8-4, Carlisle residents: significant relationships between
structural factors (A) and variables of perception and -
awareness of individual remedial measures (F) and
authori tarian alleviation schemes (G) using the chi
squared test (see appendix II for list of variables),
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3. Individual perccived response to the flood hdrzard

Several questions were incorporated into the questionnaire
to aszess the perceived behaviour, and the perceived effectivenéss
of such behaviour by the flood plain resident in the event of
future flooding. The basic premise of this aspect of the
research was the assumption that the individual resident in
responding to a flood would seek to minimise his losses in the
most efficient (perceived) way. The research hypothesis,
developed from this assumption, postulated that the perception
would be the product of a series of independent forces and
>stimuli , acting on the flood plain resident in a complex
interaction of environmental, social and structural factors.

Three groups of questions we?e analysed:
(i) General residential attitudes.
(ii) Perceived response to a flood warning.
(iii) Personal evaluation of response to a flood

warning.

(i) General residential attitudes

General residential attitudes were essentially examined
through an analysis of the response to question thirty-seven,
and in conjunction with this, question thirty-eight. Respondents
were requesfed to state whéther they thought either individual,
or authoritarian ac?ion, could overcome the problem of flooding.
The response to. these questions for the two communities were
quite similar, a low faith expressed in the ability of

jpndividual measures, and a generally high degree of faith in



the ability of suthoritarian measures to overcome  the flood >34

problem. For example, only thirteen percent of residents in
Cuarlisle, and eighteen percent in Appleby believed in

individual mecasures, while fifty-fouf and seventy-one percent
respectively, believed that the authorities could eliminate

the flood problem. (tables 8-31 and 8-32). A common response
by those residents with faith in neither individual nor
governnent measures was to believe that flooding was uncontroliable,
and hence an 'Act of God', that is they transfer the hazard to
some higher power. Similarly, those residents with complete
faith in authoritarian action are, to a ceritain extent,
transferring all responsibility from themselves. These results
compared favourably with those for the North Gloucestershire
region (Penning-Rowsell 1971). Nine percent of residents
expressed f#ith in individual actions and thirty-two percént in

authoritarian measures to alleviate the flood problem,

The responses to these two questions were explained to
some extent by the degree of flood experience of the respondent.
For instance, the faith in the ability of the authorities to
overcome the flood problem was higher for respondents without
personal experience of flooding (sixty-three percent) tha& for
those with (forty-eight percent) at the 0.455 level of
significance. In Appleby, seventy-eight perceﬁt and sixty-five
percent respectively, expressed faith in government measures.
Identical trends were gppaient for the expressed faith in
individual actions,tin both Carlisle and Appleby. These results
suggested, therefore, that residents without personal flood
experience probably do not appreciate the numerous problems
involved in flood control, neither at the small-scale

individual level, nor at the large-~scale authoritarian level.



TABLE 8-3%2

Residents
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Proportion of respondents who believe

government action can overcome the

problem of flooding

Carlisle Appleby Total
Overcome problem 118 s4% 31 71% 149 57%
Not overcome problem 97 46 13 30 110 42
Did not know 3 1 3 1
Total 218 101 Ly 101 262 100
TABLE'8-§2
Residents Faith in government ability to overcome the
flood problem as a function of respondent's
age
CARLISLE

Age (years)

Faith in Gov,

No faith in Gov,

18-34 k2 76% 13 34%
35-54 39 56 31 b
55 and over 37 b1 ' 53 59
Total 18 55 97 45




Also, the correcspondingly lower faith expressed by Carlisle
respondents may reflect the perceived failure of older

authoritarian adjustments to control the flooding.

The research hypotheses also stated that faith in
individual actions would decrease the greater the experience
of flooding, because residents would perceive fewer ways of
preventing inundations by flood water. While the number of
floods experienced appeared to have no effect on the perceived
effectiveness of individual actions, the characteristics of the
1968 flood did, to some extent,confirm the hypothesis. In
Carlisle for instance, there was an inverse relationship
between flood depth and faith in individual actions (not
statistically significant). A similar but significant
reiationship, was found between faith and flood losses in 1968.
Those respondénts suffering no financial loss during the flood,
expressed greater faith than those who had lost valuables and
belongings. The same inverse relationship with the
characteristics of the 1968 flood were observed with faith in

the ability of authorities to overcome the flood problem.

The succeésful utilization of remedial measures during
the 1968 flood also had an effect on the perceived effectiveness
of individual actions. Evidence from both Carlisle and Appleby
suggested that the past successes in controlling the flooding
led to greater confidence in future actions. For examplé,'in
Carlisle twenty percent of respondents who successfully used
sand bagging in 1968 had faith in the ability of individuals
to overcome the flood hazard, while only eleven percent of those

who used the measure, but found it of little value, had similar

faith. Similarly, only three percent of those who received a

36



fiood warning, perceived effective individual action, compared
to fifteen of those who did not, Hence, this particular
variable would appear to be related to the relative perceived

success or failure of past experiences.

Social factors also played a part in détermining the
degree of faith in individual and authoritarian actions. It
would appear that females have generally less faith in either.
alternative to overcome the flood problem. In Carlisle,
forty-eight percent of males and twenty-eight percent of
females had faith in individual actions, and sixty-five percent
males and fifty-one percent in authoritarian measures. These
two responses were significant at the ninety-five percent
and ninety percent levels respectively. In Appleby, twenty-eight
percent of males, and twelve percent of £émales, put forward
' the same views on individual measures, and ninety-four percent

and fifty-four percent on authoritarian measures.

Apart from sex, age also produced significantly different
responses to these questions; Table - 8-33 shows the inverse
relationships between faith in the authoritarian ability to
overcome the flood problem and increasing age, significan% well
within the ninety-nine percent confidence limits, while table
8-34 shows é similar association between age and faith in
jndividual measures, significant at the ninety~five percent
level. Most faith in individual actions to overcome the pfoblem
of flooding was expressed by the younger respondents. Again,
this reflected either (i) the greater mobility and agility of
this group and hence the perceived greater effectiveness of

remedial measures in preventing the inundation of property; or
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TABLE 8-34

Residents : Faith in individual ability to overcome
the flood problem as a function of

respondent's age

Age (Years) Faith in individual No faith in individual
18_3[‘_ ‘ 1M 21% l+2 . 79‘/’5
35~54 12 ’ 1?7 | 60 83
55 and over 6 7 85 93 .
Total . 29 13 188 87
TABLE 8-35

Residents : Response to an official six hour warning

of an impending flood

Carlisle Appleby Total

Do nothing _ 6 3% o 2% 7 3%
Keep watch 23 1N 19 43 42 16
Consult others . 10 5 3 Vi 13 5
Use temporary measures 78 36 10 23 88 '34
Move valuables 161 75 20 &5 181 70
Evacuate premises 21 10 1 2 22 8
Total | 299(139) (54) (123) (353)136

' Did not know - (3) .
(% of 215 Ll 259)
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(ii) the lack of experience of this group, and hence the inability

to appreciate some of the problems of flood prevention.

Other social variables showed a variety of trends with
this data, but none were significant within the 0.05 level sect
by the research désign. Clearly, the most important social
factors affecting the faith in authoritarian and individual
capabilities are sex and age, while the environmental factors
of personal flood experience, extent of past flooding and the
perceived effectiveness of remedial measures in the past are
also vital in determining the attitudes of flood plain

residents to these questions.

(ii) Perceived response to a flood warning

This aspect of the research was included to investigate
the response of the flood plain resident to a public flood

warning. This incorporated two main objectives:

(a) To assess the effectiveness of the
residential response to the warning,
and hence examine the perceived efficiency

-

of the whole scheme,

(b) To develop the predictive aspect of
the researgh by analysing the causes
and stimuli- governing the perceived
response to the flooé warning. This
also incorporated a review of residential
awareness of various individual flood

alleviation measures,



Unfortunately, at least as far as the research was concerned,
an official flood warning had never been iscsued in Carlisle.
since the inception of the scheme, and hencé there was no
evidence of residential response during such an emergency.

As a result, it was decided to test the resident's perceived
response to such a warning, under the artificial conditions

of a guestionnaire survey. (In the future it may be possible -
to compare the respondent's perceived behaviour, with actual

behaviour following a real flood alert).

The perceived response to a six hour flood warning by the
individual flood.plain resident is shown in table 8-35. 1In
Appleby residents were more likely to rely on their own
judgement than undertake immediate remedial action as in Carlisle.
For example; while relatively few respondents in either
community would do nothing or consult others following a warning,
forty-three percent of residents in Appleby would keep watch
“on the river, which compared with only eleven percent in Carlisle.
Since Appleby residents live in closér proximity to the river,
this high proportion is perhaps to be expected. On the other
hand, thirty-six percent of respondents in Carlisle, but only
twenty-three percent in Appleby, would employ temporary
measures to prevent flood waters entering their property.
Seventy-five percent of respondentsvin Carlisle would remove
valuables to a higher level, whereas only forty-five perceﬁt
in Appleby intimated that they would do this., It would appear
that Appleby residents would use their own judgement before
undertaking any major remedial measures in the event of a

flood warning.
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Certain characteristics of the flood plain residents-
appeared to influence significantly the perceived response
to the flood hazard, and hence advance knowledge of these
characteristics could be useful in predicting residential
response to a flood warning in the future, Fo} example, in
Carlisle personal flood experience was a critical factor
determining response to a warning. Of the respondents with
flood experience,only twenty - six percent would employ
temporary measures, such as sand bagging, whereas fifty percent
of the non—experienced would use this technique. These
responses were different at the 0.0006 level of significance.
Evacuation of premises during a flood warning also produced
significant results with proportionally more non-experienced
than experienced residents perceiving this résponse. The
non-experienced residents, therefore, tend to opt for the more
extreme measures, either expressing great faith in temporary |

adjustuments or perceiving evacuation of the property as the

only response.

Further explanation of these trends was derived from an
analysis of actions undertaken in 1968. Seventy-eight percent
of those residents, who utilized some form of temporary
measure to control flooding, stated that they would not do so
again"and neither would seventy percent of those who did not
employ such téchniques. To a certain extent, this was due co
the high failure rate of such schemes in 1968, and to the
perceived problems of preventinq the inundation of property by

temporary meacures.



The other flood characteristics were less ihportant than o42
actual experience, in determining the perceived response to
the flood warning. Flood depth and the employment of temporary
measures varied significantly (table 8-36) but this probably
reflected the decreasing success of such measures with increasing
flood depth. The opposite trend was apparent for the removal
of valuables to higher levels, the proportion inereasing with

the experience of greater flood depth in 1968 (table 8-37).

In Appleby, similar trends were‘found, which confirmed the
Carlisle findings, between environmental factors and the perceived
response to a flood warning. For instance, only four percent
of flood experienced residents would employ temporary measures,
compared to fifty percent of the non-experienced group. Only
one resident who used such measures in 1968 perceived similar
schemes in the future. A further association observed in
Appleby,Abut not Carlisle, was found between environmental
factors and‘those respondents who would keep watch on the river
in the event of a flood warning. The evidence suggested that
flood experienée, experience of more than one flood, and
residents flooded for the longest duration in 1968, vere most
likely to perceive this response. These resultsbsuggest éhat
the greater the expérience of flooding the greater the
dependence on own judgement in future events. Aiso,the closer
proximitj of Appleby dwellings to the river than Carlisle -
dwellings may have encouraged this response, on the assumption
that residents need tovsee the river in order to keep watch on

it.

Social characteristics were also important in determining

the perceived response to a flood warning. The proportion of

i



TABLE 8-36

Residents @
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Perceived employment of temporary measures

following a flood warning, as a function of

flood depth experienced in 1968

CARLISLE
Depth Employ measure Not employ measure
Outer walls 16 39% 25 61%
. Floor boards 6 25 18 75
Internal flooding 9 16 L6 84
Total 31 26 89 74
TABLE 8-37
Residents : Perceived removal of valuables to higher
levels following a flood warning, as a
function of flood depth experienced in 1968
CARLISLE
Depth Employ measure Not employ measure
Outer wall 27 66% 14 349%
Floor boards 18 75 6 25
Internal flooding 46 84 9 16
Total 91 76 29 24
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respondents employing temporary measures for cxample, decreased
with increasing age (table 8-38) which was significant at the
0.001 level according to the chi squéred test. liowever, two
explanations were proposed to explzin this response; first
older residents would probably be less capable of intensive,
and perhaps heavy work in the event of a flood warning; second,
older residents were also the more experienced group, and hence
may perceive little value in trying to prevent flood water
entering buildings. However, since the same trend was found
betveen age and removal of valuablee to a higher level (table
8-39) significant at the ninety-nine percent level, it would

appear that the former explanation is more valid.

The response in Appleby tended to confirm the Carlisle
statistics, with the proportion employing temporary measures
declining from fifty to eleven percent from youngest to oldest,
and for the removal of valuables from seventy-~five percent to
forty-five éercent. Thu s, age apparently plays a major role
in determining fufure flood plain behaviour, which also
corresponds with the greater faith expressed in individual

actions by the younger respondents.

The number of persons per household also played a
significant role in the perceived response to a flood warning,
although to a certain egtent this response could be a function
of age and experience. Only a very small proportion (14%) of
one person households perceived the use of temporary measures,
but since this group corresponded to the older residents,
this response was to be expected. Two and three person households

were generally the residents, more capable of undertaking such



TABLE 8-38

Residents : Perceived employment of temporary measures

following a flood warning, as a function

of respondent's age

CARLISLE

Age (years) Employ measure Not employ measure

18-34 29 Sk 25 k6%
- 35-54 28 - 39 43 61

55 and over 21 23 69 77

Total 78 36 137 64

TABLE 8-39

Residents : Perceived removal-of vaiuables to higher
levels following a flood warning, as a
function of respondent's age

CARLISLE

Age (Years) - Employ measure Not employ measure

18-34 k7 87% 7 13%
. 35~54 o 62 87 9 13

55 and over 22 58 38 L2

Total 161 75 5k 35
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schemes, but probably less effective because of their lack of
experience. Finally, there was a tendency for large families,
who incidentally have lived in the area longer, and hence have
greater flood experience, to be less interested in temporary
measures. These reponses were different at.the 0.0071 level
of significance. Corresponding to this was the response to
the removal of valuables to a higher level (0.0002) with the
proportion increasing with increasing family size. DNot only
does this reflect the greater experience of flooding, but also
the greatér availability of labour for undertaking such a
response. The Appleby data did not confirm these findings
because of the lack of va;iation in household size in the

town.

‘Length of residence in the Carlisle area illustrated a
more complex relationship with the perceived response to a
warning. The firsl category, up to six years residence,

corresponded to the non-experienced group, and hence, as shown

above, a large proportion favoured temporary measures. Similarly,

a large proportion of respondents,resident in the area for

the longest period,also perceived this response, which probably
reflects their greater experience, and successful applica;ion
of such measures inbthe past. Apart from this, length of
residence showed no particular relationships with any other

perceived response in either Carlisle or Appleby.

The responses based on tenure, education and occupation
did not produce significantly different results concerning the
perceived response of residents to the flood warning. However,
skilled manual workers, and professional workers were the most

confident in preventing inundation by temporary measures

0
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of the various occupation types. In general, flood plain

behaviour did not appear to pe affected by these three variabdles.

In conclusion, the perceived response to a six hour flood
warning.is to a certain extent'determined by the social
characteristics, and the degree of flood exéerience of the flood
plain resident. Age, length of residence and population
structure all play differing roles in influencing the flood
plain resident, vhile personal flood experience and experience
of similar remedial measures in real flood situations
significantly effect the perceived response. Probably the
most noteworthy trend, with respect to the perceived response
to a flood warning, was that expressed by the non-experienced
residents. A relatively high proportion of this group perceived
the utilisation of tempprary measures to ﬁrevent flood waters
entering their property. It is reasonable to suggest, on tﬁe
evidence of the 1968 flood, that the majority of these measures
would be inéffective in a real flood, because of problens
similar to those expressed in the previous chapter. In such
a situation gs.this, fherefore, the flood warning scheme would
be of little value, since many respondents would waste
valuable time undertaking unproductive remedial measures,
This research, therefore, would indicate that flood plain
residents require expert advice on effective action in the
event of a flood, especially on fldod proofing measures, and
particularly in those areas which rély purely on flood

forecasting and warning schemes for flood alleviation.
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(1ii) Personal evaluation of response to a flood warning

The final question in the questionnaire requested the
respondents to estimate the damage that would occur from two
‘types of flooding, first without any warning whatsoever, and
second with six hours flood warning. This guestion provided
not only a crude estimation of future flood losses for each
flood plain, but, probably of more value to the research, the'
perceived effectiveness of remedial action in the event of a
flood. The residential‘attitude, response and behaviour,
following a flood warning, ﬁould then be assessed, and hence
the effectiveness of such a scheme for Carlisle and Appleby
evaluated, The two hypothetical floods considered in this
respect differed in respect of depth: 15 om (6 inches) and

120 cm (4 feet).

The fifteen centimetre flood produced significantly
different responses between residents in Carlisle and those in
Appleby for flood loss estimates, both with and without six
hours warning. Table 8-40 shows the estimated losses from the
flood with no warning, for Carlisle and Appleby. In Carlisle,
47% of respondents perceived losses to be less than £500," 31%
between £500 and £1000, and 23% more than this, wﬁile in
Appleby the.proportion of residents estimating similar losses.
were 80%, 15% and 5%. The mean losses for each community,
based- on the actual perceived losses were £358 in Carlisle and
€453 in Appleby. A chi squared test on the data suggested
theAdifference between the responses wés significant at the

0.995 level of probability.



TABLE 8-40

Residents : Estimated losses from 15 cm (6") flood

without warning

Carlicle Appleby Total
Nothing 0 0% 0 0% 0 0%
1 to 500 pounds 92 47 32 8o 124 52
501 to 1000 pounds 61 31 6 15 67 28
1001. to 3000 pounds + 39 20 2 5 ki 19
Over 3000 pounds 5 3 0 5 2
Total 197 101 40 100 237 101

21 . . L

(Did not know)

TABLE 8-41

Residents :

Estimated losses from 15 cm (6") £l1oo0d with

6 hours warning

Carlisle Appleby Total
Nothing 2k 12% 3 8% 29 “11%
1 to 500 pounds 133 68 37 93 170 72
501 to 1000 pounds 26 13 o 26 11
1001 to 3000 pounds 1 6 0 1 5
Over 3000 pounds 2 1 0 2 1
Total 196 100 ko 101 101 100
(Did not know) 22 4
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Tsble 8-~41 shows the perceived losses from a flood of '

similar depth, but this time following six hours warning.

Again the two responses vere significantly ‘different at the
0.99 probability level according to.the chi squared test.

The Carlisle rcsponse, 12% suggested there would be no losses
and only 20% put their losses in excess of £500, which compared
with the Appleby response where 8% reported no losses and the
rest put their losses less than £500. The mean perceived
losses with six hours warning fell to £471 in Carlisle and

£150 in Appleby. Cleafly, the estimated losses, both with and
without flood warning, are significantly higher in Carlisle
than Appleby. Throughout the four aspects of this particular
question the estimated flood losses from Carlisle respondents
was signifiqantly higher than those for Appleby, which
contradicts the actual experiences of 1968 when considerably
greater losses were reported by Appleby households. However,
on this occasion Appleby suffered generallj greater flood

" depths than Carlisle, which has been shown to be positively
correlated with flood losses. With hypothetically equal flood
depths this trend was reveréed, which would indicate a
fundamental difference in the socio-economic characteristics

of the two settlements. Evidence from the social characteristics
of the questionnaire survey supports this hypothesis, since
significant differences were found be%ween such factors as
house type, family structure, number of adults, number of
children and tenure of household in the two communities.

Each of these variables suggested that Carlisle residents would
generally have more property and valuables at risk to flooding

than Appleby residents.
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The percentage savings perceived from a flodd with a six
hour warning, produced an entirely different picture than the
actual figures. For instance, individual perceived savings
ranged from nought to one hundred pércent, and, of even greater
significance, the percentage savings were considerably higher
in Appleby than Carlisle (table 8-42), The mean perceived
savings in Carlisle amounted to 45.08%, whereas in Appleby
the mean was 66.85%. Again, the chi squared test suggested
these two responses were significantly different within the

99% confidence limits.’

The total perceived ioéses from a fifteen centimetre
flood, both with and without warning are shown in table 8-43
and these figures are further extended to the whole flood plain.
Thé total losses in Carlisle.would amount to £492,000 (plus or
minus £10,000 allowing for the error due to sampling) and to
£22,000 in Appleby from such a flood withéut warning, while
given a six hour warning these losses would be reduced to
£270,000 (+/- £5,400) in Carlisle and £7,250 in Appleby.
The perceived sav{ngs as a result of implementing a flood
warning scheme .would be. approximately £220,000 (+/~ £4,400)
and £15,000 for Carlisle and Appleby respectively. Nevefkheless,
these figures are based on thé individual ﬁerceived losses and
hence may not accurately reflect the actual 1§sses accruing

from such a flood situation.

-

Similar results were obtained for estimates of losses from
a flood with a depth of 120 c¢m, bofh with and without warning.
Without a flood warning perceived losses were quite high, with
only 10% o£>Carlisle respondents estimating their losses to be

less than £500, and 55%.at over £1000 (table 8-44) 1In Appleby,



TABLE 8-k2

Residents : Perceived savings - 15 cm flood with

6 hours warning

Total flood plain
savings

£221,734

£14,823

£236,557

Carlisle Appleby Total
0 - 25 percent 33 17% 3 8% 36 %
26 -50 percent sk 27 .5 13 59
51 = 75 percent 39 20 10 25 49
76 - 100 percent -71 36 22 55 93
Total 197 100 Lo 101 237
TABLE 8-43
Residents ¢ Total perceived losses and savings =
15 cm flood
Carlisle Appleby Total
Potal perceived losses £169,100 £18,100 £187,200
No
Mean losses £ 858.4 £ 425.5 & 789.9 Warning
Total flood plain losses £491,863 £22,173 £514,036
Total perceived losses £ 92,400 £ 6,000 £ 98,400
Mean losses & k71,43 & 150 £ 416.9 |
A 6 hours
Total flood plain losses £270,129 £ 7,350 £276,729 warning
Perceived savings 45,08% 66.85% 46.22%
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25% estimated losses to be less than £500 and 23% in excess

of £1000, which indicated a significant difference between

the two communities at the -0.999 level of probability,

according to the chi squared test. The mean perceived losses
.were much higher than with the previous flogd, £2161 in Carlisle
and £958 in Appleby, which again shows up the generally higher

perceived losses in the larger settlement.

Losses from a 120 c¢m flood were significantly reduced
given a six hour warning. Table 8-45 shows that 5% of Carlisle
respondents would expect no losses, 43% less than £500, and only
26% over £1000, The similar proportions for Appleby were 3% and
88%, and none put their losses over £1000. These differences
were again significant at the 0.999 level of probability. The
mean losses with warning for Carlisle and>App1eby respectively

were £1122 and £278.

The perception of individual savings with six hours warning
also differed betweén the two communities, as shown in tables
8-46 and 8-47, The mean percentage savings in Appleby at 71.83%
were considerably higher than at Carlisle 48.1% (although both
represented greater savings‘thgn with the previous smaller flood).
In Appleby, eighty-three percent of the residents estimated
savingsin excess of fifty percent, which compared to only forty-

five percent in Carlisle,

The total perceived losses from the 120 cm flood without
warning, when extrapolated to the whole flood plain, amounted to
£1,238,000 (+/- £24,360) in Carlisle and &£48,000 in Appleby.
With six hours warning these losses would be reduced to £643,000

(+/- £12,860) and £13,600, which represents savings of £600,000



TABLE 8-44

Residents : Estimated losses from 120 cm (4') flood

without warning

Carlisle Appleby Total
Nothing 0 =% 0 9% 0 =%
1 to 500 pounds 18 10 4% 35 32 14
501 to 1000 pounds 66 35 17 43 83 36
1001 to 3000 pounds 72 38 8 20 80 35
Over 3000 pounds' 33 17 1 3 3 15
Total 189 100 40 101 229 100
Did not know 29 L

TABLE 8-145
Residents : Estimated losses from 120 cm (4') flood

‘with 6 hours warning

Carlisle Appleby Total
Nothing 10 5% 1 3% 1 - 5%
1 to 500 pounds 80 43 35 88 115 51
501 to 1000 pounds L8 26 L 10 52 23
41001 to 3000 pounds 34 18 0 3 15
Over 3000 pouﬁds 4 8 0 w6
Total 186 100 ko 101 226 100

Did not know 32 L
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TABLE 8-46

Residents

555

Perceived savings - 120 cm flood with

6 hours warning

Carlisle Appleby Total

0 - 25 percent 59 31% §  10% 63 %
26 - 50 percent hs 24 3 8 L8
51 = 75 percent 38 20 13 33 51
76 - 100 percent b7 25 20 S0 67
Total 189 100 ko 101 229
TABLE 8-47

Residents : Total perceived losses and savings -

120 cm flood
Carlisle Appleby Total
Total perceived losses £408,450 £39,400 &7 ,850
Mean losses 2161.11 £ 985 £ 1955.68 No
warning

Total flood plain losses £1,238,316 £48,265 £1,286,581 »
Total perceived losses £208,600 £11,100 £219, 700 vith
Mean losses £1,121.51 £ 277.5 £972,12 warning
Total flood plain losses £642,625 £13,598 £60h4 ,659
Perceived savings 48.1% 71.83% 53.0%
Total flood plain ‘ .
sevings £5954691 £34,667 £681,922




(+/- £12,000) and £35,000 for Carlisle and Appleby. As with 956

the previous flood, these data are based on perceived losses,
rather than actual figures, and hence may not reflect the

real situation but rather the perceived., Similarly, both

flood levels reflect the same patterns of response, with the
actual losses estimated by the Carlisle recidents far in excess
of those by Appleby, although the percentage cavings are
greatest in Appleby. Also, while the larger flood increases
the perceived losses guite significantly, the perceived savings

are also raised.

Further analyses of both the perceived losses and the
perceived percentage savings from six hours warning of a flood
showed several significant relationships with the independent
variables. In Carlisle, the estimated losses for both flood
events, with and without warning, varied significantly within
the ninety-five percent confidence levels, with the areal
location of the respondent. The trend was the same in all four
cases, with highest estimate§ from Brunton Park residents,
followed by Botcherby and finally Caldewgate. There would
appear to be a fundamental difference in the economic
characteristics of these thfee cases, a characteristic whiﬁh
was confirmed by perconal observation during the questionnaire
survey. in Appleby, there was no such significant difference

between different areas.

-

General flood characteristics were not very significant
with respect to the estimated flood 1oaées, of with perceived
saviﬁgs from a six hour warniyg in either Carlisle or Appleby.
The only t:epd tokemerge from the statistical testing, thch

was observed in both commuﬁities, was the tendency for
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non-experienced residents to estimate greater flood losses than
experienced residents. For example, in Carlisle twenty~eight
percent of respondents without personal flood experience, and
only eighteen percent of those with, put losses from a 15 cm
flood in excess of £€1000. However, with sig.hours warning the
responses were almost identical. A similar, though not
significant trend, was found for the larger flood, which would
suggest that non-experienced residents possibly overestimate
their losses, given that the other residents are more likely

to be correct, because of their personal experience. In Appleby,
these differen&es vere less pronounced, although a more
noticeable trend was obseryed with perceived savings with a

flood warning. Experienced residents generally perceived smaller
percentage savings than the non-experienced residents, fifty-two
to fifty-nine percent for the fifteen centimetre flood, and
forty-three and fifty-nine percent for larger event. In this
case, it would appear that non-experienced residents have
overestimated‘the effectiveness of their remedial action prior

to a flo§d, again given the assumption that experienced residents

are more likely to be correct.

Severél social factors also appeared to affect the
perceived losses from the two floods, as well as the perceivead
savings following six hours flood\warning. In Carlisle, age
of the respondent was significantly related to the perceived
losses accruing from the fifteen centimetre flood, both with
and without warning. The youngest residents estimated losses
significantly higher than the other residents, while with sixb
hours warning the tren@ was completely reversed with the oldest

expecting the greatest losses, and the youngest the least.
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As a result, the percentage savings made due to a flood warning

was also significantly different between the three age groups,
with the greatest savings perceived by the youngest residents.
The larger flood exhibited the same association between age

and estimated losses, although it was only the perceived
percentage savings, which proved statistically significant,
within the ninety-five percent level of confidence. Further
support for this association came from the Appleby daté, which
showed exactly the same tendencies 'as Carlisle. One hypothesis
put forward to.explain this relationship, concerned a combination
of age and personal flood experience, which themselves were
related (chapter seven). It was postulated that younger
residents, who for the most part had little personal experience
of flooding, would tend to over estimate flood losseé, and have
a greater faith in the ability to prevent the inundation of
property by flood waters. Alternatively, older residents;

with experience, would.probably more accurately estimaﬁe flood
losses, put would be less capable of remedial action prio¥ to

a flood, and hencé perceive less savings. It may also be that
older residents are more aware of the difficulties of preventing
flooding and hence have less faith in their own ability. “Both
these aspects were discussed in more detail in part 3(i) of

this chapter.

Population per household also had a significant effect on
the response to this question. The-estimate of losses from the
first flood showed a positive correlation with numbers per
household, whilst with warning this trend was inverted. This
relationship indicates the greater property at risk in a large

household, but since more persons are available for remedial



action given a flood warning, the perceived losses are greatly
reduced in the larger families by such a warning. As a result,
the highest perceived savings correspond to the larger families.
This relationship was further confirmed by the response to the
larger flood event, while similar trends were apparent with the
number of adults and number of children per household.
(Significantly different results were restricted to the perceived

gavings for these latter two variables).

Tenure of the household confirmed the research hypotheses,
that home owners would perceiveigreater losses from flooding
than tenants, because of the greater value ofvproperty at risk.
However, significantly different rgsults were only obtained in
the larger flood, although the smaller event exhibitgd the same
trends. In Carlisle,58% of home owners and only 29% of tenants
estimated losses in exéess of £1000 for the large flood without
warning, and 28% and 6% respectively with warning. This trend,
however, was not apparént.in Appleby. Also, tenure, as
anticipated, had no effect on the_perceived effectiveness of

remedial action following a flood warning.

Occupation did not significantly affect the perceived losses
from flooding, although in Carlisle the same two groups, in
assessing losses for the two floods, were consistently higher
than others - the self employed and managerial workers.

Similarly with educatioﬁ, there was a small trend to suggegt
that longer education was related t; larger perceived losses.
These two variables in fact probably reflected the differences

in the value of possessions at risk in properties.



In conclusion, it was found that structural and social
variables had the pgreatest effect on the estimated losses
from the two floods, since these were probably the best
indicotions of social class. However, the perceived percentage
savings were determined by previous flood experience, and to

a certain extent by social characteristics such as age.

The overall relationship between the independent variablés
and the peréeption of individual acfiohs is shouwn diagramnmatically
in figures 8-4, 8-5 and 8-7. Clearly, thesec indicate the great
importance of social factors in determining this aspect of
residential attitudes and behaviour. For instance, the
perceived response to a flood varning differed significantly
according to age of the respondent, family structure and in
some Eases by length of residence and occupation of the head
of household. Younger residents invariably envisaged the
greatest and widest forms of response to a flood warning, although
as was showun above these may not always prove effective, while,
at the same time, this group foresaw the greatest losses from
flooding without warning. House owners and larger families
also put their perceived flood losses higher than other groups.
However, younger residents also perceived the largest savings
following remedial action prior to a flood, a trend which was
further confirmed by the very high faith expressed in both
individual and government aEility fo overcome the flood préblem.
These results may be explained by environmental factors, since
younger residents in general have less personalvexperience of
flooding than older residents. Quite frequently, therefore,
the young inexperienced resident perceived actions, which have

been proved ineffective to the older experienced resident, as
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well as perceiving unrealistic savings from such remedial
actions. However this immediately puts in doubt the value

of the flood warning scheme, given that a large proportion

of flood plain residents may well undertake inefficient action.
This proportion of inexperienced residents on the flood plain

is likely to increase in time, until another flood.
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U |

Fig, 8-7, Carlisle residents: significant relationships between
physical factors (B) and variables of perception and
awareness of individual remedial measures (F) using the

chi squared test (see appendix IT for list of variables),
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CONCLYSIONS:

The analyses of the questionnaire data indicated a more
complex interrelationship between fﬁe'perception and behaviour
of flood plain residents, than was presupposed by the initial
research hypotheses. While the basic associations between the
varisbles, illustrated in figure b4-1, were observed in the
survey data, further, more detailed, relationships were also
found. Using the criteria of structural factors of the
household, personality.traits, family features, and extent of
flood experience, certain types of resident were seen to behave
in a set way, compared to other residential types. On a more
general level however, the thought processes remained
essentially the same for each group. Thug, two major

conclusions'emerged from the questionnaire studies -

(i) The behaviour and attitudes related to

residential types.

(ii) A revised model of residential response

to the flood hazard.

Together, these two aspects provide the insight for a

predictive model. of flood plain behaviour.

(i) Behaviour and attitudes related to

residential type.

Throughout theAquestionnaire survey, it became apparent
that some factors played a considerably greater role in
determining flood plain behaviour than others. For example,

the structural factor of areal location was particularly



important concerning peneral perception, and the perceived
losses from various hypothetical floods. In this latter case,
in Carlisle certain socio-econonmic features were reflected

in responses, which classified Calde&gate, Botcherby and Brunton
Park into their relative social divisions. Drunton Park
residents for instance, perceived much greater locses than

Caldewgate.

Social factors of particular significance were age of
respondent, length of residence in the area and tenure of
household. Older residents, residents of longest duration and
home owners (a degree of correlation existed between these
three - chapter seven) showed the gréatest awareness of the
flood hazard, of the authoritarian response to the hazard,
ané were generally more adjusted to the fiood plain environment.
Evidence from both Carlisle and Appleby indicated that the
perception and awareness expressed by these groups was probably
nearer reality, than yourg newcomers to the area. For example,
perception of future flooding was inversely related to
increasing age in Carlisle, despite the greater experience of
older residents, whilst in Appleby, perceived future flooding
generally increased with age. This apparent discrepancy
betwveen the results is essentially explainéd by the greater
knowledge of the older residents. In Carlisle, older residents
showed more awareness of authoritarian schemes to alleviate
flooding, and hence perceiQed a grester decrease in the floecod
hazard, whereas in Appleby the older residents were less likely
falgely to perceive a flood alleviation scheme, and hence more
likely to perceive future flooding in the town. Similarly,

younger residents tended to over estimate perceived losses



from flooding, but at the same time, have consideérably preater
faith in individual measures to prevent flood losses, However,
the perceived actions were frequently techniques which had
failed in 1968, and thus fewer savings would be made by this
sroup than presently perceived. This response, therefore,
casts some doubt on the validity of the flood forecasting

and warning schemes; because studies usually assume that
individuals will take effective remedial action to minimise
flood losses. This does not appear to be the case with the
greater proportion of youngef residents. Length of residence
and house ownership showed similar such relationships as age,

all three of which are illustrated in figures 8-8, 8~9 and 8-10.

Probably the most significant of all the independent
vaéiables in determining behaviourai attifudes was personal
flood experience. This Qariable was significantly associated
with both awareness of the hazard and of schemes implemented
to control the hazard. EXpérience of flooding in the past
would appear to produce more factually accurate perceptions of
future flood risk. As well as flood experience, the extent and
degree of flooding, such as total number of floods experi?nced,
and the depth, duratibn and damage caused by flooding in 1968,
also have a profound effect on the perception_and behaviour of
flood plain residents. For example, persons employing temporary
measures in 1968, such as sand bagging, and finding them.
unsuccessful were unlikely to perceive such adjustments again,
It is perhaps signiiicant that all those residents who found
such measures effective in 1968 were only flooded to low depths
(chapter seven). One suggestion to emerze from these surveys,

therefore, would be for sand bags to be issued to householders
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on the peripheries of the flood, where they would be most
effective. In areas where flooding would be deeper, energy

and time could be more effectively employed removing valuables.
to higher levels. Of course, idealiy, permanent flood proofing

measures should be implemented before an emergency arose.

For the most part experience of flooding proved a highly
significant variable, particularly regarding the greater
awareness and perception expressed by this group. The full

significant relationships are shown in figure 8-11.

(ii) Revised model of residential response

to the flood hazard.

From the above analyses a revised model of residential
reéponse to the flood hazardbwas established (figure 8-12),
The model is essentially subdivided into two sub-systems, the
independent factors of structure, social characteristics and

flood experience, and the dependent factors of perception,
awvareness and response. The evidence above indicated that these
independent factors were significantly associated with several
aspects of the dependent sub-system; for example,older
residents were more aware of authbritafian flood alleviation
schemes, non-experienced residents expresséd greatest faith in
individual measures, while females expressed more fear of the
hazard than males. However, only the one relationship is
retained in thesimplifiedﬁodel, becaﬁse this association is
paramount to all other relationships with fear and response.
For instance, a resident needs to be aware of the flood hazard

before any personal fear or response can be generated, where as

the ignorant resident would show no such signs of living under
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stress,

Once aware of the floodbhazard, the resident may show some
degree of feaf (significent relationships were found between the
degree of fear and perception) which in turn may be modified by
awareness of flood alleviation schemes and a corresponding faith
in their effectiveness, Awareness of authoritarian schemes, for
ingtance, coupled with & perceived faitil in the ability of this
scheme to prevent future flooding may result in a perceived
peaceful environmental location, Similarly, perceived faith
in the ability of individual measures, either permanent flood
proofing techniques or temporary adjustments prior to a flood,
would lead to & reduction in the psychological stress
associated with such a flood plain location,

The extent of fear of the hazard may generate different
typeé of response, which tend to lead towards a perceived
reaceful environment, For instance, stress is freyuently
eliminated by denying the existence of flooding, A common
response to this effect in Carlisle was 'It will never happen ~
again', Other residents apparently accept periodic inundation
as inevitable, oxr as an 'Act of God'. However, the process of
blaming the authorities for such events was not found in Cumbria,
Another more positive response is to leave the flood plain
| altogether, although evidence of this re-sponse is not readily
forthcoming, (Future studies may well incorporate some research
into why residents leave the flood plain, particularly following a

series of floods,) Finally, the resident may either take personal
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remédial action if made aware of the schemes available, or
pressure the authorities to take some form of action. Clearly,
action in either case would lead to a reduction in fear, and
hence a perceived safer environment. Failure to undertake one

or the other may add to the psychological stress.

The research hypotheses purported that the depgree of fear
of the flood hazard was directly related to the response, that
is those most worried by the hazard would lcave the area and
those least worried would do nothiﬁg, and continue to live in
the same area. Those in between would probably carry out
various actions depending on the perceived effectiveness of such
responses. However, in contrast to all these is the resident
who actually enjoys flooding, particularly the associated
excitement and break in day-to-day routines, and hence these
people derive direct beﬁefit from the flooding. In Carlisie,

many people now talk with pleasure about the 'time of the flood!

and of the 'boats going down the road'.

The revised model, therefore, appears to explain some of
the thought processes of the flood plain resident in respondiﬁg
to the flood hazard. However, there are some drawbacks to this
model, especially those associated with classification and
categorisation of behaviour and attitudes into the individual
boxes. In reality, this is hardly the case as frequently one
respondent could follow several lines through the system at
the same time. Also,variations within individual categories
may also mask true behaviour. For example, the perceived
peace, classified at the end of the system,will quite clearly

vary tremendously between different residents. Some residents



sajguoyine B advzZvH aoo1d R uotjoe
Y} aunssaid Aeis [ 3HL OL 3SNOJS3H - Vlenpiapu) oxep:Aelg
_ . 3 T
AeMe A e 1 L] Bupooy aouelsixe
W ﬁ awos jdacoy | | pooyj Aueg |
v RER-\EEE ) , Y v
30v3d MEEETE D 30v3d
Dg—womwm mtntmteated ftad L XL T T 21 Av Pow ®wm e o o - e avawof °m>—womma
' '
il vl 1
[ uees | [ uedon | ¢ [ ueedoN | wes |
} 1 [ ] + ;
] : :
4 A ! ! - ,
uonoR n suooe Ajuoyine ' ' SUOHOR [BNDIANDUY g}
e Auouiny U UfE) Peniadsad | y 1l ¢ u uye) paneasag [$
,| auvzwiaoou | | .
3HL 40 NOIL43OH3d
‘ SHOLOVH
4 AIN3AON3d3a
aInuay uoijednod0
asuapIsal Jo yibuan) o180 jealy . A3 1000/ abeweq
uoneonpy oby {Jey99) 9dA} asnoy uoneInqg yidsq
ainoniis Ajwes . Xag 824n0s psezey ) Ayuxoid Aousnbaiy aduaadxy
_ , ONIGOOd 40
SOILSIHALOVHYHO VIOOS SHOLOVY TVHNLONYHLS SOLLSIHILOVHVHD WOISAH
SHO1DV4 LN3AN3d430NI

*squepTsax urerd
POOTI TenpTATPUT £q esucdsex pe wopdeoxed pIezey JO Tepow [exsued ¥ °Zi-8 "IN



nzy tolerate some flooding in return for an unspoilt local
environnent, whercas for others 'perceived peace! may
constitute the complete elimination of flooding. Both these
responses were found in the Cumbrian studies. TFor example,
Lppleby residents were very much against any scheme, which
would disrupt the aesthetic appearance of the town, while in
Csrlisle, residents were in favour of increased structural
flood alleviation projects, despite the lower flood frequency.
Similarly, variation in the level ‘of awareness was apparent,
particularly rggarding authoritarian fesponse to the hazard in

Carlisle.

The questionnaire data also showed that many respondents
live under the delusion of safety, in that their perceived
peacé is very much the.oppOSite. This gréup were notably
those completely ignorant of the hazard, or those who tendéd
to deny its existence. These groups would undoubtedly suffer
SeVére Psycﬁological stress in the event of a future flood.
Hence, the model is very much one for the individual rather
than for flood plain populations as a whole, although it is
useful in Qetermining the important aspects of decision-making

on the flood plain.

Finally, a further drawback of the model is its apparent

static nature, since little has been incorporated in the system

for change. ‘hile this would probably make the model more>

realistic, the esscntial relationships would then become

confused by the complex interaction between variables. Naturally,

perception of the hazard will change given changes in attitudes

and awareness, and, to a certain extent, this has been allowed
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for by the dotted linc from ‘'‘perceived peance' to perception

of the harard.

In conclurion,the model has two principal drawbacks,
the problems of classification and the static nature 6f the
model. lowever, as a simplified erplanation of the processes
involved in recidential decision-making, the model reflects
reality feirly closely. MNore detailed explanations are
required (as above) to discover fully.the true association
" between all variables. From this, the predictive aspect
of the research may be establiched, since certain independent
factors were found to influepce perceived future behaviour.
However, because of the inconclusive results in some aspects
of the research further studies are required before a full

predictive model can be set up.



CHAPTER NINE

THE COMMERCIAL SURVEY



Irtroduction

This chapter exunines the data collected by a guestionnaire
survey of the flood plain industrialists and business-men in the
two research centres, Carlisle and Appleby. The commercizl
questionnaife was similar in design to the gesidential one, in
that both considered the characteristics and degree of fléod
experience of a particular grdup, along with further studics gf
behaviour and attitudes towards the flood hazard. Howevef, the
comnercial survey laid greater stress on the actual busiﬁess
rather than the individual respondent, and correspondingly less
emphasis on general environmental and perception cuestions,

The attitudes and perceived behaviour of the business-men are
discusced in the second part of this chapter, while the commercial

characteristics of the two flood plains, and the extent of flood

experience of individual businesses are examined below.

PART A

(1) Commercial characteristices of the flood plains

Several quections wére incorporated into the questioﬁﬁairc to
establiéh the charcacteristics of the coamercizl enterpriscs
situated in fhe.flood hazard aress of Czrlisle znd Appleby.

These questions included such factors as the type of business,
the size of the company and the number of years the firm had been
located in the area, and in this respect were similar to the

social variables in the residential survey.
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Type of business

The commercial properties situated on the two flood ‘plains
were initially classified into four distinct t‘ypes using the
criteria émployed by the Central Statistical Office in the
tStandard Industrial Classification' (revised in 1968), This
division, shown in table 9-1, clearly reflects the differing
functions of Carlisle and Appleby., The .two distributions were
different at the 0,0051 level of significance, For instance,
19,2% of commercial property in Carlisle was concerned with
manufacturing and construction, which compared to only 5.7%
in Appleby. Alternatively, 94.3% of commerce in Appleby
involved either,the' sevice industxy or retail outlets, whereas
in c'a.rlisle the proportion was only 68,5%, Naturally, the
larger centre would have both a greater numbexr and variety of
commercial functions than the smaller settlement, and this
difference has emerged even from the restricted flood plain areas,
The difference between the two communities has undoubtedly been

“ﬁmther enhanced by the siting of the industrial estate at
Willow Holme, This relatively new estate has dbrought many new

| industries into a known flood hazard area., (See map 5-16 and

plate 19 for details). o o |

A -similar veriation Setv:een Carlisle and Appleby was found
on a smailer scale within the City of Carlisle, where different
areas were devoted to one or another of the industry types. |
fable 9-2 shows the proportion of specialisation within bach
of the four areas of the Cily., For example, 92.9% of the
manufacturing and construction industry wag located in Willow

Holme and Caldewgate, while all the retail properties were found



TABLE 9-1

Commercial : Business types (including rejections and

non-contacts)

Carlisle Appleby Total
Manufacturing and :
Construction W 19.2% 2 5.7% 16  14.8%
Wholesale 9 12.3 0 9 8.3
Retail 19 26.0 17 48.6 36 33.3
Services . -31 42 5 15 ""5'7 l"? 43-5
Total. 73 100 35 100 108 99.9

TABLE 9-2

Commercial : Business type by area - Carlisle

579

Men & Con Wholesale Retail Service Total
Willow Holme 6 42.9% . & 4h.A4% O 11 35.5% 21 28.8%
Caldewgate 7 50.0 5 55.6 11 57.9 1k 45.2 37 50.7
Brunton Park 0 0 8 42.1 5 16;1/ 13 17.8
Botcherby 1 7.1 o 0 1 3.2 2 2.7
Potal " a4 100 9 100 19 100 31 100 73 100




in Lhe predoninontly recidential perts of Srualon frirk ond
Coleeviave, any ¢ifferecuncen,y tnerecfore, in the bYehuviour orf
vurinceso=-aeil, stirivutaile Lo industrial type would also Lo

reflected =opetislly in Carlisle.

It should be noted that the above tables iﬁcludc all the
cornercizl pronerties on the flood plain at the time of the
survey, whereas the following studies only include FTifty-six
busineszes in Carlisle and thirtf~three in appleby, hecause ol
the feilure to interviecw several flood plain business-nmen.
Rejections were received Irom thirteen service industries and
four retail outlets in Carlisle, and one of each of manufacturing
and service in appleby. Opatially in Carlisle, these involved
ten from Caoldewgate and a further five from Brunton Park, which

proportionally represented a higher non-response rate for the

latter zrea.

Years in business at precent site

In Carlisle, the average nuaber of years in bursiness at the

time of the survey was 25.04 compared to the significantly longer

e

period in ippleby of 57.5k yéars. However, both these sets of
figures vere to gome éxtent distorted by a few concerns wilh over
one hundred yecars of business. For example,Carrz of Carliszle have
been making biscuits for 130 years, while in Appleby ithe three
retail outlets of Whitcheads, Salkeld and Grahem have been in
business for o total of 440 years. uhe .brewery in Carlisle and
the public houses in both coumunities have been licenced precices

for conriderabl, longer. Theece fijures show some of the

differences between the years of production for various indusiri-1
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iypes.s  or oxnmplc,.in Cerlicle wanufacturing ugd conctruction
cveresed 29 yeors coupored to only 13.71 years in the wholezole
tuciners, uhile reteil outlels and services were 2bout the sanc}
23.31 and 20.71 yeurs respectively. In Appleb" the difference

between retail and services was also compardtively small, (1,65

years to £3.33 year

Years emploved nt prescnt cite

lo complement the ‘previous question and to assess the extent

of personal knowledge of the flood hazard, each respondent was
alro requested to state how long he/she had worked for the
particular company at the present location. In Appleby, the
average number of years employment was 16.61 which was again
nmuch longer.than the 12.96 years in Carlisle. These figures,

in conjunction with the response to the previous guestion, would
suggest both a greater degree of flood experience and a greater

- awareness of the future problem by business~men in Appleby than

those in Carlisle.

Position of respondent within the firm ~

The research hypothesis also stated that the position of a

respondent within a business could conceivably affect the attitudes

and perceived behaviour towards the flood hazard. It was suggested,

for instance, that an owner or partrer in a company could well
respond to a flood @nié differént.manner to a works mznager,
because onc would be more personally involved than the other.
(Tzble 9-3 shows the position of the respondents WIthln the

businesses in Carlisle and Appleby). MNost noticeable of this,
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TABLE 9-

Commercial : Position.of Respondent in the business

Carlisle Appleby ' Total
Director 7 13% 3 9% 10 11%
General Manager 2 4 0 2 2
Area Manager 2 4 0 _ 2 2
Works Manager 16 29 7 21 23 26
Personnel Manager '3 5 0 3
Assistant Manager 4 7 0 4
Owner/Partner | 22 39 23 70 ks 51
Total 56 101 33 100 89 99

TABLE 2-4
Commercial - Number of employees
CARLISLE APPLEBY
Total Mean Total Mean
Man & Construction 1620 116 10 10
Wholesale . 256 28
Retail 25 2 68 4
Services C 359 20 55 o,

Total 2260  ho 133 b
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vas the larce percentage of businesses owned by the recpondents
in Appleby (ceventy percent) compared to Corlisle (thirty-nine
percent), However, commercial ownership was also closely
related to business type; this was a feature common to both

' communities since seventy-six percent of retail outlets in
Appleby were owned by the respondent, and eighty percent in

Carlisle,

Ilumber of employees

Table 9-4 sﬂows the number'of employees at each‘type of
business. There was considerable variation in business sizes,
particularly between the small retail outlets, which frequently
employed fewer than three workers, usually from within the family
unit, a;d the larger commercial establishments such as Carrs '
which employ over one thousand workers. - The mean figure for
each business type, shown iﬁ table 9-4, reflect these gifferences,
‘although even without 'Carrs', manufacturing and construction in
Carlisle wbuld still employ proportipﬁally’more workers. In
general, Carlisle businesses were larger than those in Appleby,

despite the opposite trend for retail establishments. -

Branches

Furthér hypotheses pﬁrported that firms with branches elsewhere
would be less likely to suffer serious losses in production
during a flood than businesses located at the one site, becaﬁse
business could be transferred to the other site. Forty-eight
percent of companies in Carlisle were in this position, but only
twenty-one percent in Appleby had alternative centres of



procduction.

Thus, the choracteristics of the commercial sector of the
tvo communitics varied in several respects, including the
nature of the businecs, the period of production and the size
of the conmpany. ZEven different msnager ‘tyées' had been
interviewed in the survey. "The effect of these independent

factors on bchaviour is described in part 3, while the extent

of flooding experience is examined below.



(Z) Extent of {léod nxnericnee

“he necond ;roup of rccpondent variables, the extent of
flood eryperience, was crococed in muech the same woy an the
brevious “tucdy, only the dota related to particuler industries
rzther than individual residences. Respondénté were cuesiioned

on both the degree of flood experience and the characteristics

of the 1958 event.

Lxperiencec of flooding

In Carlisle, sixty-four percent of business-nen repbrted
flooding of their property, and sixteen percent.flooding on
more than one occacion, while in Appleby the proportions ucre
seventy-six and thirty-hine percent respectively>(Tab1e 9-5),
"hese figures were considefably higher than the residential
survey. HOwWevern, unlike the previous survey, there was no sfron;
correlation between years ol production and number of Iloods
experienced, probatly dpe to the lack of knouvledge of the
individual flood plain managers.>.For instaﬁce, without records
the precent managers would be unlikely to know the precise
frecuency of flooding in sﬁch long est;blished firute re Céﬁrs,
or the Drewvery in Carlisle. Carlisle breuery, ﬁow part of the
I‘heakstons éroup is locaféd bcﬁween the River Caldew zud a nill
race (see plateg 23 and 24) and sccording to the manaper has
been flooded quite frequeﬁtly, often two or three timec a year.
Evidence from the ncwspaper . survey showed that in both Carlisle
and Appleby managers were cenerally unawsre of the true freguency
of floodinm‘of thieir properties. OJimilarly, there was no

cignificont corrclotion betwcen len;lh of eunloywent ond flood



Plates 23 and 24.
Carlisle: The
Carlisle Brewery
(now Theakston's)
showing the River
Caldew and the 0ld
Mill Race.




frequeney, lbechune coume wansjers were awvere of previous flood
events ond otliere were note. ilevertlielens, flood plain bucincerr-

N

cen were more awvare ol the flood problem then the residents,

o . ) [ o I - .
Characteristics of the 1658 Mooa .

Table 9-6 shows the'depth of water experienced by
industries in 1958. Yhe results werc comparable for both
conmunities with thirty-nine percent of businesses in Corlisle
flooded to depths in excess of sixty centimetres, and forty-
three percent»in Appleby. Several businesses were inuncdoated (o
guite considerable depths, especially thbse located in the
north-western part of Willow liolme. Plates 25 and 26 srow fhe
flood waters at McKenries Motors in this part of Carlisle, a
while after the peak has passed. <Yhe wel areas on the bui}ding
to tﬁe left and hut centre would indicate z maximum depth
probably thirty centimefres higher than when the photograph was

Eéken.“

The reported curation qf flooding in the two communities
differed siénificantly at the 0.999 level of probabilify, with
the inundation lasting considerably longer at Carlisle tH;n
Lppleby. Tor instahcc, thirty-cix percent of businesscs iﬁ
Carlisle WOrévflooded for dver tuenty-four hours compared to
only twe;vc percent in Appleby (table 9-7). However, unlike the
residential data there vas no apparent relationship betweeﬁ

flood debth;and flood duration in either community.

The damapge reculting from the 1968 flood also differcd
between the two communities. - In Carlirle, the mecon losses fron

211 busincsscs woc 86,760 compared to £524 in Appleby, althou h



TABLE 9~

Commercial : Frequency of flooding experience

Total

Carlisle Appleby
None 20 36% 8 au% 28 31%
Once 27 48 12 36 39 44 .
Twice 6 1 21 13 15
Three times or more 3 5 6 18 9 10
Total 56 100 33 99 . 89 100
TABLE 9-6

Commercial : Depth of flood water in 1968

Carlisle Appleby Total
Up to 30 cm 13 36% 10 43% 23 39%
31 to 60 cm 25 3 13 12 20
61 to 90 cum 22 30 15 25
Over 90 cm 6 17 3 13 9 A5
Total 23 59 99

36 100

99

Dk 2



TABLE 9-

Conmercial

Duration of flood in 1968

589

100 -

Carlisle Appleby Total

Up to 12 hours 13 36% 11 bb% 2k 39%
13 to 24 hours 6 17 ? 28 13 21
25 to 36 hours 7 19 '3 1 10 16
37 to 48 hours 6 17 | 0 6 10
' Did not know b1 b 16 8 13
Total 36 100 25 61 99




Plates 25 and 26, Carlisle: The flood damage at McKenzies Motors
(Willow Holme Industrial Estate) several
hours after the peak discharge,
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thiere won connideroble variasbion between differenl Lyver of

° Vo
busincsséﬂ. Jhe breaidown of these figurcs into busivess tyveo is
shovn in {a2ble 9-0. Clearly, in Corlicle asnufacturing and
_ccnstruction suffered the prcatest logsec with the reiail outlei:s
cenerally suffering only minimal losses. Oun the other hand, in
Appleby reteil losses were much higher and services more then
. twice as much azain. If these mean losses are extended to the
whole flood plain of both research centres, to include all the
industrizl properties, then a total of zpproximately £418,500

vorth of damage was caused to businesses in Carlisle in 1968,-

and £16,400 in ippleby (1968 figures).

The losses suffered by businesses in 1968 varied to a much
greater extent than residential losses, with several industries
experiencing considerable losses, while others, apparently lessA
susceptible to flooding, found the event little more than an
inconvenience. Border Engineers Contractors and Tiffen motor
cycle\fepéir shop in Carlisle reported no losses. Alternatively,
three businesses, Adamson electrical company, Carrs biscuit
factory, and Edmund Walker dealers in motor components,
accounted for thirty-one percent of the estimated total
industrial losses. Carrs damages alone accounted for fourteen
percent, vhile Adamson believed they also lost one months
production and Tilcon cement one week, Other businezses could
not fully estimate the overall damages from the 1968 flood.
McKenzies Motors, for instance, suffered extensive damape with
everything under 1.7 metres written off by the insurance coupany.
Thie included many new cars, vhich were subsequently auctioned
off to rccoup come losres, ond ceveral pri&ate cors in for repeirs,

In Appleby, the greatest loczes were suffered by Jocelyn's garatc,



TABLE 9-8
Commercial : Flood losses - 1968
, CARLISLE (A1l Inds)
Total losses Mean Total for flood plain
Man & Construction 145,186 10,370 145,180
Wholesale 34,425 3,825 34,425
Retail 2ko ‘16 304
' Service 138,546 7,697 238,607
Total 318,391 6,760 418,516
APPLEBY | (A1l Inds)
Total losses = Mean Total for flood plain
Man & COnstructionv - 390 | 300 600
Vholesale . o o ’
Retail S 195 306 5,195
Service ' 9,937 663 10,600
Total L 5,433 468 16,395

592
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vhich includes a car chow room and which zccounted for thirty
percent of irdustrial losses in the town. Ilowever, even this
has not prevented the owner purchasing and'developing furthef

flood plain property on the opposite side of the road,

On a purely economic basis, therefore,’the most important
conclusions to émergc from this aspect of the study:was the
great proportion of losses suffered by a‘minorify of the
pusinesses. With this in mind, the flood broofing of just three
bucinesses in Carlisle and one in Appleby could reduce flood
losses by up to one third. However, the protection of only
selected industries wduld have other polltical implications.

One further aspect regardiﬁg flood damage to emerge from the
study, vhich was pafﬁiculaily-relevant to the Sands area in
Apéleby, was the additional daumage ﬁéused'by lorries and cars
’dr1v1nb through the. flood uaters. Several complaints were
received from bu51nees @en and residents that. the waqh created

by lorries driven along the.A66 caused valuables in 'safe' arcas
to be inundated,;ﬁhile the pressure built up by the movement of
vater caused some structﬁral,damage., Jocélyns garage reported
that the élass.doors aﬁd~windowsptpfthe«sho& room were eventually
destroyed by this,aetioﬂe Thus, some losses could be prevented
by aore effective measures to prevent,vehicles entering flood

3

areas.,

The correlat;on between different flood”parameters in 1968
were less pronounced than the relatlonships found in the
:esidential~data.; However, there were some significant associations.
: For‘example,_theaeorrelation between flood depth and flood locrecn

in Carlisle using -the product moment correlation coefficient,
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produced a value of 0,6904, which using the 't* distribution was
significanf at the 0.9999 level of probability. Figure 9-2

shows the correlation between.fhe two Variaﬁles. The Appleby data
confirmed the trend that increased flood depth corresponds with
greater flood losses. The correlation betwee& the two was 0.6718
significant at the 0.9988 level of probability (see figure 9-3).
The only otﬁer gignificant reiationship between flood_parameters
was found in the Carlisle data between reported flood duration. and
flood losses. The cprrelation of 0.6344 was significént at the
0.9995 level of probability. Thus, while the data from the
commercial survey‘confirmed the relationships between depth and
damage, ahd to a certain extent between dnration and damage, no

other associations were apparent.

Activities'nndertakeu by‘businesé-men during the 1968 flood
were limited in both vériety and‘extgnt, ﬁrobably becausé of
insufficient wafﬁing'of the hezard. 'In-carlisie.‘sixty-four
percent did nothing and only sevgnteéuiperegnt requted
removing stock to higher levels, ﬁhich%perhaps is not surprising
considering that only one business recelved prior warning of }
the flood (tablas 9-9 and 9-10). In Appleby, fifty-six percent

of business nenwrpcgived some form of flood warh1no, and hence.

’

considerably more aotion was undextaken, prior to, and during

the flood. For iustance, sixty percent removed valuables to
safe areas and twgnty percent used temporary flood prooflng

measures. Only tptrty-two percent reported doinU nothing.

Two other aspects °f the _response to flooding were included

in this section, flood ins urance and flood proofing. Flood

&
Ehi ]

insurance, it qu found had hﬁen taken out by eixtj-four percent
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TABLE 9-9

Commercial : Actions undertaken in 1968

Carlisle Appleby Total
Nothing 23 64% 8 32% 31 51%
Switched off electricity 1 3 1 4 2 3
Sandbagged exits L 11 5 20 9 15
Moved machines/stock 6 17 . 15 60 21 34
‘Closed works ' 13 1 2
Hired pumps/driers 13 1 b 2 3
Did not know T3 ' 1 2

Total (37)104 (30) 120 67 110

‘% of those flooded

TABLE 9-10

Commercial : Proportion of industries receiving an
' official flood warning in 1968.

Carlisle Appleby Total

Received warning o 1 3% 4 s56% 15 25%
_ Did not receive warning 35 97 1 44 46 95

Total ' 36 100 25 100 61 100




of Lle burineccrces in Corlicle and fifty-two pcrcbnt in apmleby.
Ur linesey seventcy-tuo percent in Carlisle :ﬁd seventy-cix
percent in sppleby hod started the. policy before 1955 (tables
=11 and ©-12). JSeveral appleby firms have since sugzested that
flood insurance is no longer avoliable for the town because of
the relatively high risk. In Carlisle, Alexandra Sow 1ills
found similar probléms vhen trying to obtain insurance, wvhereas
other businesses were insured through different agencies, such
as the Government or the head conpany. P.O. Telephones, Drew
Wine Company and the Carlisle Brewery all come into this
category. Other businesses nust stand large losses before the
insurance company will pay, for Carrs biscuits factory this
amounts to £90,000, althouzh the policy also covers the conpany

for lost prpduction.

Flood proofing of property vas only slightly greater than
that carried out by residents, and was similar for Carlisle and
Appleby (table 9-13). For instance, in Carlisle, the sewerage
works had installed non-return valves to prevent water backing
up from the river, and, somewhat in reverse of proofing were
required in the event of a flood warning to block the reilway
arch with sandbags. This action would probably zave the rest
of Willow Holme from extensive danage, although leave the
severage works open to flooding, unfortunately during a minor
alert in 1975 no sandbags were to be found. P.O. Telephones had
completed a.1.5 metre wall between the industrial site and the
River Caldew, which would probably protect certain areas from
smaller floods. The 1968 flood was, according to many Willow
lolrme industrialists, caused by the'inc0mplction of this wall.

In thc same creas, Carlisle brewery have fitted flazp vclves to
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TABLE 9-11

Commercial : Proportion of business premises insured

against floading

Carlisle Appleby Total
Insured 36 64% 17 52% 53 60%
Not insured 13 23 13 39 26 29 '
Did not know ? 13 ‘ ‘ 3 9 10 11
" Total _ 56 100 33 100 89 100

TABLE 9-12

Commercial : Proportion of those with insurance who took
out: the policy before the 1968 flooding

Carlisle Appleby Total
Before 1968 ' 16 72% 13 76% 29 55%
After 1968 10 28 2 12 22 42
Did not know ' . 2 12 2 4
Total 36 - 17 100 53 101

| TABLE 9-13 -
Commercial : Proportion of business with flood proofing
measures
Carlisle Appleby | Total
Flood proofed 9 16% 5 15% 1% 16%
Not flood proofed 47 84 28 85 75 84

Total , 56 100 Ik 33 100 89 100

598



certain water outletc to prevent the bocking up of Tlood wotoer.
Corrs hn&e stopped uging various lower areas of their féctory,

and now cnsure that all feood stuffs are well out of rcach of

any flood waters. JYrugrinds have raised the {loor of the worlisliop
and both the Building Repairs Company and the DBritish Fermentation
Products have improved their internal drainage. Finally, the

Blectricity Station maintains a supply of sandbags and punmps

ready to protect machinery from flood waters.

In Appleby, flood proofing measures were even more 1imited.
The two warehouses in Chapel Street tended to store more
vunerable goods in the upper rooms; Pennine Shoes had raised
the steps to the shop, and Potts the building contractors had
raised the yard., In conclusion,no industries in either Carlisle
or Appleby have been protected bj aﬁ& conprehensive and permanent

flood proofing schemes, and those measures vhich have been

jmplemented were frequently of dubious effectiveness. The high flood

frequency in Appleby and the long established businesses should

have developed a more efficient way of dealing with the problem.
PART B ' -

Behaviourasl Jsispects

The second part of chapter nine éxamincs the attitudes and
behaviour of flood plain business-men towards perceived future
flood problens. As with the residential survey, the object of
the study was to improve the dhderstanding of flood plain
decizion-makin~, and combined, the two surveys would provide o

conprchensive review of the perceived response to the flood
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Lorzard. The vehaviourzl acpuects of the coumercisrl rector vere
ctudied under three broad hesdings, and each cection snalycsed
accordins to the independent factors discussed in part A of the

chapter.
1. Perception of the flood hazard

2. Awareness of the Authoritarian response to

the flood hazard.
3, Perceived response to the flood hazard.

However, it should be noted that the commercial study was
conciderably less involved then the res}dential survey, because
of the problems involved in collecting accurate perception date
from a company which may have several persons with responsibility
for taking decisions. Ideally, for a full perception study of
industries, a cross section of each work force would need to be
interviewed, then an acssessment made of the general perceived
‘behaviour bazed on the relative levels of responsibility of each
respondent. Iiowever, the perception'studies undertaiten here were
useful in detergining likely behaviour, since invariably either
the owner, vartner, or unanager of the business was consulféd,

end it is rcasonable to assume that in a flood emergency, thece
people would take sny major decisions. Only further research
following a flood would show to wvhat extent these assumptions

were true.

(1) Perception of the flood harord

Mis ecpect of the commerciel survey was cimilar to the

residentinl rurvey, cince it wos purported tiist bucineac-ncen,
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lilic reridentrs, vould beluave cecording to the perceived, rother
1, L wm13al dnnren T vt i studies therefore, ncintained
£han the nccunl donner. Yerception studies therefore, noind 1
an inte:srel part of the comercial survey. fhrece groups of

cucstions pertaining to perception were involved in the

cuestionnaire: .
(i) General environmental questions.
(ii) Perceived future flood probleums.

(iii) Dcgree of fear of the flood hazard.

(i) Gener:zl environmental guestions

a general discussion of the advantages and dissdvanteges of the
area, and the source of the respondeﬁt's knowledze about the
flood hazard. Unfortunately, very litile mezningful data were
obtained from these cuestions, because in the general diccussion

" flooding hed heen mentioned by the interviewer to help secure

the interview (unlike the residentiai survey, where flooding

was not mentioned until the seventh question). Similarly, deta
of little statistical value were secured on source of knoﬁied;e,
since eighiy-one percent in Carlisle and seventy-nine percent in
Appleby had either 'always known' about the flood problem, or hud

found out through direct experience (table 9-14).

(ii) Perceived future flooding

Table 8-15 shows the perception of flecoding in the next

tventy=five years by the flood plain manegers. Ywenty-one percent
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TABLE 2-1&
Commercial : Source of knowledge of flood problem
Carlisle Appleby ' Total
Estate Agent 0 0% 0 =% 0 =%
Neighbouring firms ‘ 3 5 6 18 9 10
Personal inspection 2 4 1 3 3 3
Experience 2k 43 5 15 29 33
Local media o o (o}
Surveyoré 3.5 0 3 3
Other (always known) 21 38 21 64 L2 47
Did not know 3 5 0 3 3
Total | 56 100 33 100 89 99
TABLE 9-15
Commercial : Perception of flood hazard for next
‘ 25 years
Carlisle Appleby Total
Will flood 12 21% 21 64% 33 37%
Will not flood 36 64 9 27 ks 51
Did not know 8 b 3 9 1 12

-

Total 56 99 33 100 89 100
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o; rerpondéents in Sorlinle, and cixty=lour pcrceﬁt in .ppleby
cxoecied to cxperience coue {looding during this period, wvhile
sixty=7Tour percent znd twcnty-seven.resepcﬁively ¢id not
cnticinote future floodinz. In Carlisle, this represented a
elishtly hizher proportion of business-men than residents perceiving
future flooding, but this still failed to reflect the true
freguency of floodiﬂc as calculated from the historical data.”
Alternatively, as with the residential study, this apparently
low responsec could be the result of awarenecs and faith in
authoritarian schemes impleménted in the City to alleviate the
flood problem. In this case,the response may be termed
relzatively high. In Appleby, the reverse was found with fewer
buciness-men perceiving flooding in the next twenty-five years.

Yo -immediate explanation of this was forthcoming.

Flood experience made little difference to this perception
of future flooding, although in Caflisle tventy-nine percent
of experienced residents and only ten percent of non-experienced
foresaw future floodinz. In Appleby, the proportions were sixty
and seventy-Iive percent respectively. Similarly, flood depth
did not explain the differences in perception. lood duration
experienced in 1958, on the other hand, indicated that perception
of future floodin; was correlated with greater duration of
flooding. Unfortunately, these data were invalid for further

statistical analysis.

Characteristics of the businecses did not appear to influence
significantly the perception of future flooding. In Czrlisle, nore
nonufccturing ond construction industries enticipated future

flooding, while nonc of the retail outletr did. In apvleby all
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perceived future flooding, particularly the retail outletr.
In thic respect, thereforc, the retail businecss-nen hold similar

viewr to the residentc.

Respondents were also acked whether there had been a change
in the flood risk. The response to this question was similar
to the residents,with eighty-four percent of business-men in
Carlicle and thirty-six percent in Appleby perceiviﬁg a decrease
in the hazard. Seven percent and forty~eight percent
respectively saw no change in the flood risk (table 9-16). The
response to this question precluded any statistical analysis of
the data in Carlisle, because of the large majority perceiving
a decrease in the risk. However, even by visual observation,
there were no apparent trends in the‘figures, to suggest that
either the éommercial characteristics or the extent of flood
experience influenced the response. Awareness of authoritarian
flood alleviation schemes were apparently most significant in
. Carlisle, while in Appleby there was the belief that something
had been done (see below). Also in Appleby, proportionally more
retailers, than service industries, were found to perceive a
decrease in the hazard (forty-one to twenty-seven percent) and
similarly more flood experienced business-men than non-experienced
perceived a decreacse (forty-four to thirteen percent). This
perception by the experienced group may represent a genuine
decreasein the hazard in recent years since, unlike the non-
experienced group, they were less likely to believe falsely in
the authoritarian alileviation schemes. Details are given in

section 2.



TABLE 9-16

Commercial : Perceived change in the flood risk

Carlisle Appleby ' Total
Increasing 1 2% 2 6% 3 3%
Decreasing ho 84 12 36 60 67
No change L 7 16 48 19 21
Did not know b7 3 9 7 8
Total | 56 100 33 99 89 99

TABLE 9-17

Commercial : Proportion of business men worried by

flooding
Carlisle Appleby Total
A lot : 1 2% L 12% 5 6%
Some . 7 13 L 12 1M1 1R
A little | 10 18 10 30 25 28
Not at all 38 68 15 45 48 sk
Total . 56 101 33 99 89 100
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(iii) De-ree of feanr of the flood hozord

Fear of the flood harard was ascessed both directly and
indirectly, by a series of cuections, which ranced from worryin:
‘about the problem, to levels of tolerance to the hazard. In
response to a dircct question on the degree‘of fear, sixty-eicht
percent of business-men in Carlisle stated that they did not
worry about flooding at all, and only one reported worrying a
lot. By contrast, in JAppleby forty~-five percent did not worry,
forty~-three percent worried to some extent 2nd a further
tuelve percenf worried a great deal (table 9-17). The recponses
from Carlisle and Appleby were significantly different at the

0.9978 level of probability, comparing the numbers wvho worried

and those who did not.

Further analyses of these figures indicated that
proportionally morc business-men with flood experience worried
sbout the hazard than those without experience. In Corlisle,
thirty-six percent of the experienced respondents, compared to
only twenty-five percent non~experienced, worried. It was alco
noticeable that non-experienced respondentis worried to a lesser

-~
&3

extent than the others (table 9-18). The same trend, thoﬁgh le
cxtrene, was epparent in fppleby, where the proportions were
fifty-six pércent and fifty percent. o such trends vere
apparent with the other flood charocleristics, such as duretion,
frecuency or damagc. Similarly, the characteristics of the
businescses showed little further explonation of these responsec,
Althouzh not cipnificent, it was worth noting that fewer
responcents in the retnil buriness worried sbout floodin:: than

other busincs:-mcn,uhcrc only thirtcen vercent of retioil
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manecers wvorried nbout flooding, forty-thrce percent of those in
mznufocturin~ and construction, forty-four percent in wholerole
and ihirty-three percent in service industries worried sbout the
problen. & sinmilar, though lecs pronounced trend vas found in

Appleby. JAlso, and perhaps somevhat surprisingly, owners of

L5

businecses exprecsed less fear of flooding than business-nen
in other positions. TForty-eight percent of owners compared teo
seventy percent of nanagfers in Appleby, and eighteen percent and

forty-one percent in Cerlisle worricd about the flood problem.

fpart from the degree of fear, several other questions were
included to test the tolerance of flooding by the flood plain

business-nen. for exauple, fifty-two percent of business-ncen

o3
[o])

in Cerlisle & sixty~one percent in Appleby hed prior
knowicdge of the flood hagzard before localting their businesces
on the flood plain. Thus, in this respect, the Ilood hazard
does not appear to worry the business-men. 4An extension to
this question asked whether business-men would relocate in the
sane aréa, given the same choice, to which only eleven percent
in Carlisle replied negatively. A

gain, this was further

confirnation thatyas far as industries were concerncd,the.

Hy

z flood plain site outweished the disadvantoges.

zdvantazes o o
Sven if floodin_ tecaue a serious hererd, only thirty-eight
percent -of buginesc-uen in Corlisle and six percent in Appleby
ould contecuplate lw.rlnb the area. This latter response.
incorporated a slight trend to su;éést that those respondents
vith flood experience would be more likely to ieave the arca
than those wiihout, viiile proportionally more wholesnle manacorg
uooeneed iney vould »lso lecve. Details of the recponses to

(hone questions ave indicated in tables ©-19 to $-27.

'



TABLE 9-18

Commercial :

Fear of flooding as a function of flood

experience

Degree of CARLISLE APPLEBY

fear Experienced Non experienced Experienced Non experienced
A lot 1 3% % 3 12% 1 13%
Some 7 19 3 12 1 13.
A little 5 o 5 25 8 32 2 25
None 23 ok 15 75 1 by 4 50
Total 36 100 20 100 25 100 8 101
TABLE 9-19

Commercial :

Proportion of business men with knowledge

of the flood risk before locating the area

Carlisle Appleby Total
Prior knowledge 29 52% 20  61% L9 55%
No prior knowledge 18 32 6 18 2k 27
Did not know 9 16 7 21 16 18
Total 56 100 33 100 89 100




TABLE 9 - 20

Commercial : Given the same choice proportion of
business men who would relocate in

this area

609

Carlisle Appleby Total
Would relocate L6 82% 33  100% 79 89%
Would not relocate 2 4 - 0 2 2
Did not know 8 14 0 8 9
TPotal 56 100 33 100 89 100

TABLE 9-21

Commercial : Proportion of business men who would leave

the area if the flooding became a serious

problem
Carlisle Appleby Total
Would leave 21 38% 2 6% 23 26%
Would not leave 2k 43 29 88 53 60
Did not know 11 20 2 6 13 15

Total | 56 101 33 100 89 101
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(2) auvorencas of the outhoritarian reanonne to tlhe flood harr-d

Avarcness of the authoritariacun adjustuents to control the
flood haorard wac believed to play an important part in deternining
ihe acititudes and behaviour of flood plain business-men. In
this respect, it wos the perceived effectiveness of such ncasurecs
vhich were iwmportant, rather than the actual design standards
of the projects. As with the residential survey, thrce aspects

of awareness were considered:
(i) General awareness of authoritarisn adjustments

(ii)  Avereness of the flood forecasting and warning

schene.,

(iii) Opinions on different prprSed alleviation

cchecnes.

(3) Gencrel awarencss of authoritarian adjustuents

(3

The second part of question nineteen was designed to assess
the general awvarcness of the authoritarian schemes in Carlisle
and Appleby. Those business-men who had previously perceived
a decreasc in the flood risk were asked to state why they had
perceived such a change. The results, chown in table 9-22,
indiceted that the majority of business-wen in Carlisle were
awvare of tEe.flood embankment scheme, while thirty-cisht percent
attributed the decrease in flood ri;k_to alterations in the river
courses, and nincteen percent to clcaning the rivers, all of
vhich have becen carried out in recent years. In Appleby, iviere

only twvelve businesc-ticn perceived a decreace in the harzard,

fifty-eicht percent put the cause down to cleaning of the river
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TABLE 9-22

Commercial : Reasons for perceived decrease in risk

Carlisle Appleby | Total
Climate change 2 44 1 8% 3 5%
Motorway construction . o 0 0
Town building 0 0 o)
River cleaning 9 19 7 58 16 29
Embankments ‘ 4 92 L 33 48 8o
Reservoirs o) (o) 0
Other (course alterations)18 38 ? S8 25 42
TPotal (73)153 (19) 157 (92)154

TABLE 9-23

Commercial : Proportion of business men who believe
.enough has been done to counteract the
flood problem in Carlisle

Carlisle y
Enough done b1 73%
Not enough done 4 9
Did not know 1 20

Total 56 100
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and course alteretions, and thirty-three percent to embankments,

none of which have been carried out in recent years.,

Flood experience, to some extent,‘explained these responses.
In Carlisle,those business-men without flood e}perience only
perceived one reason for the decrease in risk, whereas many
of the business—men with flpod experience were aware of several
of the authoritarian schemes, For instance, eighty-nine percent
of the experienced respondents wvere aware of the embankment
scheme and thirty-nine percent of the other course alterations,
which compared with sixty and twenty percent of the non-experienced
group. The other flood characteristics and independent business
variables showed no such trend in the responses to exploin the

reasons for the perceived decrease in the hazard. .

Awareness of the authoritarizn response to the flood hazard
was further tested by question twenty, which was.adapted
slightly for the different conditions in Carlisle and Appleby.
Ih Carlisle, businees-men were asked whether enough had been
done to overcome the flood problem, while in Appleby respondents
vere acked if anything had been done. Table 9-23 shows that
seventy-three percent of business-men in Carlisle thought eh;ugh
had teen done, with only seven percent perceiving insufficient
action. Of this latter group, all were located_éither in
Caldewgaté or Willow Holme and all, except one, had experience of

flooding in the past. ' .

In Appleby, vhere there had been no flood alleviation schemes
implemented, forty-two percent of business-men believed that
something had been done, and fifty-eight percent observed

correctly that no such measures had been implemented (table 9-24),
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It wvould nnper~r thot flood exverience is inportant to ~ccurnte

perception, althourh ac with the reridential survey, thisz uar

.

4.

time in t

he area, since nincty-three-

reflecct ~renter rericdence
percent of non~cxpericnced businecsc-men coupared to only sixtr-
percent ol the cxperienced believed falsely that souething had
been done. Evidence from these cuestions,therefore,indicated
that both flood cxpérience and length of stay in an area are .
of zsrcat importance in reducing the discrepancies between

perception and reality. )

~

(ii) Awvorencsc of the flood forecastinrs end warnin~ schene

As with the residential study, this question was not
directly comparable between #he two research centres, beccause
whilc there vas a flood warning scheme for Ccrlisle, no such
official measures had been implemented in Appleby. “he extent
of awvareness of the flood warning scheme is shown in table 9-25,
In Cerlisle, only forty-five percent of business-men were awarc
of the scheme, and fifty percent stated that no such schene
cxisted. However, this js still slichtly higher than the derrec
of awarenecs auongst the residents. By avea, it was noticceble

that, whereas fifty-thrce percent of respondents

He

n Willow Iolue
were avare of the worning systewn, the proportion fell to forty-
four percent in Coldewgate and to only twenty-five percent in
Brunton Park., 1In fact, Ni;IOh flolue Industrial Estate has a
special pyrémidal systen for flood warning dissemination, altaouzh
unforiunately this is now out of date (see chopter six). Dusiness
type did not appear to offect the response, although retoilers
rhowed lers avereness thom others. Flood experience, however,

~

vas ueh sore inporitant with Tifty-six percent of expericiuced
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TABLE 9-24

Commercial : Proportion of businessmen who believe
something has been done to counteract

the flood problem in Appleby

Appleby
Something done % 42%
Nothing done 19 58
Did not know . 0
Total 100

TABLE 9-25
Commercial : Knowledge of an official flood warning
scheme

Carlisle Appleby Total
Warning system 25 L45% 22 67% 47 53%
No warning system 28 50 10 30 38 43 |
Did not know 3 5 1 3 L 4
Total 56 100 33 100 89 100

TABLE 9-26

Commercial : Perceived reliability of flood warning scheme

Carlisle Appleby Total
Reliable 9 36 12 55 21 45
Not reliable 2 8 3 b 5 1
Did not know W 56 7 3 21 b5

Total 25 100 22 101 k7 101
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business-men compared fo only twenty-five percent of the non-
experienced aware of the warning scheme. A chi squared test

on these data (the don't know' category were eliminated for
purposes of the test) suggested the fesponses were significantly

different at the 0.9574 level of probability. '

In Appleby, sixty-seven percent of business-men thought
that a flood warning system operated in the town, with only
thirty percent correctly perceiving no such scheme. Proportionally
more business-men than residents were aware of the real
situation in the town. As in Carlisle, flood experience proved
the most significant independent variable. However, in contrast
to the residential survey, proportionally more flood experienced
respondents than others wrongly perceived a warniﬁg systen.

This response fhough could be the result of the fairly low
figures in Appleby, since it was generally found that greater
experience tended to improve the accuracy of éerception and

avareness of the resl situation.

The perceived reliability of the flood warning scheme
(table 9-26) shows that the najority of business—men in Carlisle
did not know because the scheme had, to date, never been teé;ed.
In Appleby, fifty-five percent of thoce percei&ing a flood warning

scheme also believed the scheme to be reliable, which reflects the

similar trend found amongst the residents of the town.

(iii) Opinions on different alleviation strate~ies

Business-men vere requested to state their opinion on
various flood plain strategiles similar to those cited in the reridential

questionnaire, to tect the relative support for different mearsures,
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Tne proportion of business-men both in favour ané againgst the
schemes is shown in tables 9-27 to 9-34. For example,in Carlisle
forty-threec percent of respondents vere in.favour of upstreanm
reservoirs, sixty-one percent for flood embankments and fifty-
nine percent for decpening and widening the.river. In Appleby,
the proportions of business-men in favour were twenty-one,
thirty-nine and seventy-three respectively. It was only with-
deepenin; andwidening of the rivers did the business-men in
both Cerlisle and Appleby show as much support as the residents.
Nevertheless, the same érends emerged, particularly in Applcby
vhere the greatest support was given to 2 scheme which would
do least to disturb the local environment, and yet prove
effective against emaller floods. This consideration was further
reflected in the response to'preservation’of the status cuo,
since thirty=nine percent of business men in Appleby and thirty-
one percent in Carlicle favoured preservation. However, in
Carlisle fewer business men than residents favoured this policy

towards the flood hdzard.

The financial aspects of flood alleviation prosrammes
produced similar responses to those of the residents. FEighty-
nine percent of busincss-men in Carlisle and eighty-five percent
in appleby uere in favour of flood alleviation being of general
concern, rather than the express responsibility of the flood
plain communities. Ais with the residential curvey, it wouid be

interecting to compare these viewrs with those of business men

locoted in 'cofe' arcas. In Carlisle, forty-three percent were

o

in fcvour of poveranment groents for proteciion and Tifty-three
percent for -overnnent relocation, while in Appleby considerabl;:

fewer were in Tavowr, twenty-neven ond fifteen percent rerspectively.



TABLE 9-27

Commercial : Opinions on upstream surface reservoirs as

a means of alleviating flooding

Carlisle Appleby Total

Strongly favour 9 16% 5 15% 4 16% .
Favour somewhat 15 27 2 6 17 19
Oppose somewhat 11 20 . ~0 1 12
- Stongly oppose 15 27 2k 73 39 &4
Did not know 6 11 2 6 8 g
Total 56 101 33 100 89 100

TABLE 9-28

Commercial : Opinions on the construction of flood

embankments as a means of alleviating

flooding
Carlisle Appleby Total
Strongly favour . 20 36% 5  15% 25 58%
Favour somewvhat 14 25 8 a4 22 25
Oppose somewhat 13 23 2 6 15 17
Stongly oppose .8> 14 . 18 55 26 29
Did not know 12 0 11

Total 56 100 33 100 89 100
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TABLE 9-29

Comnmercial :

618

Opinions on deepening and widening the

river as a means of alleviating flooding

Appleby

Carlisle Total
Strongly favour 18 32% 17 52% 35 39%
Favour somewhat 15 27 7 21 22 25
Oppose somewhat 0 18 2 6 12 13
Strongly oppose 10 18 8 21 17 19
Did not know >3 5 0 3 3
Total 56 100 33 100 89 99
PABLE 9-30

Commercial : Opinions on preservingithe status quo in
the area

Carlisle. Appleby Total
Strongly favour 16 29% 13 39% 29 33%
Favour somewhat 1 -2 0 1 -1
Oppose somewhat L 7 9 27 13 15
Strongly oppose 35 63 1M1 33 ke 52
Did not know 0 (o]
Total 56 101 33 99 89 101




TABLE 9-31

Commercial : Opinions on payment for flood protection -

everyone should pay through rates and taxation

Carlisle Appleby Total
Strongly favour ke 82% 28 85% 7% 83%'
Favour somewhat y 9 o) L, i
Oppose somewhat 5 9 0 5 6
Strongly oppose 1 2 3 9 b i
Did not know 0 2 6 2 2
Total 56 100 33 100 89 99
TABLE 9-32

Conmercial :

Opinions on payment for flood protection -
only those at risk to flooding should pay

33

Carlisle - Appleby Total
Strongly favour 2 4% 3 9% 5 6%
Favour somewhat 5 9 ) 5 6
Oppose somewhat 3 5 0 3 3
Strongly oppose 46 82 28 85 7% 83
Did not know 0 2 6 2 2
Total 56 100 100 89 100
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TABLE 9-33

Commercial : Opinions on a government grant for those
in flood areas to protect themselves

Carlisle Appleby Total
Strongly favour W 25% 2 6% 16 18%
Favour somewhat 10 18 7 21 17 19
Oppose somewhat 11 20 2 6 13 15
Strongly oppose 21 38 22 67 43 48
Did not know 0 0 o
Total 56 101 33 100 100

TABLE 9-34

Commercial : Opinions on government relocating industry

in flood hazard areas

Carlisle Appleby Potal
Strongly favour 25 45% 2 6% 27  30%
Favour somewhat - 10 18 3 g 13 45
Oppose somewhat 2 L 0 2 2
Strongly oppose 18 32 28 85 46 52

Did not know 12 1 1

Total 56 101 * 33 100 89 100




Plood cxperience again proved the nozt significant veoriable
influencine the reasponce of businens~-men, In Carlicsle for
insziance, jovernnent grants and relocation nid were favourcd to
a greater cxtent by flood experienced businesc-men (fifty-threc
and seventy-five percent) than non-cxperienced (twenty-five
and forty percent). The two responces werc significantly different
above the 0.95 level of probability. If the significance level
was reduced to 0.90 then significanfly different responses were
2lso found to reservoirs and preéefvation. Fifty-threc percent
of experienced business-men conpared to twenty-fiv; percent of
non-experienced wvere in favour‘of reservoirs, and with a reverscd

rend, tventy-tuvo percent to forty-five percent in favour of
preserviny the stntus cuo. The other schemes did no§ produce
significantly different responses, alfhough experienced respondents
were consistently morec in favour of the structural alleviation
schemes than were non-experienced respondents., The responses
to the financial proposals, on the other hand,were virtually
the sanc, In'Appleby the data was more rectricted and hence could
not be tested statistically. However, the evidence indicated
thet the non-exéerienced respondents showed nore support for

.

both upctrecn reservoirs, sixty-one percent compared to only

cight percent, ond preserving the environument, fifty percent to

“

thirty-ciy perccat. 7lood banks (44% to 25%) r»né deepenins ond

videnin: rivers (78% to (1%) were favoured by proportionally more

flood experienced business-men than non-experienced. Jhe other

proposels produced fairly similar responses.
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(3) Perceived ..coponce to the Mlood 'fnoord

is with the residential survey, it ves postulated that those

Lusiress-sen vith property in flood prome zrean would wveelt to

N

sinimise the losses aceruing from flooding. It was furtler

succested that to de this, the business-uman would undertake

oo

certain activitics prior to a flood, given a warning, vhic
he percecived as the riost effective remedicl measure in the given
circumstances. It is these perceived actions, and the causes
for such & recponse, which are examined here, followed by an
assessnent of the perceived c¢ffectiveness of such actions.

(i) Perceived response to 2 flood warning

The perceived response to a flood warning by the business-men

h

of Corlicle znd Appleby is shown in teble 9-35. Eighty percent

of Carlisle buciness-nmen suggested they would resmove machinery

and etock to safer areas, and thirty-two percent perceived the
enployment of sandbags to prevent water entering their prenises.
In Appleby, sixty-sceven percent and eighteen percent respectively

szid they would.carry out these neasures, while a further twenty-

seven percent suzgecsted that they would keep watch on the river.
Severzl trecnds emersed from these datazy for example, in both

. . . . . more
Carlisle and Appleby business-men in retail wer?(llkely to employ
sandbace in the event of a flood warning than others. Of cven
more significance was the response from those business-men with
personcl flood experience compared with the non-experienced sroup.
In C:srlisle, only tuwenty=-tuo percent of the experienced, compored

3

to [ifty percent of the non-cxpericnced, anticipnted the urc of
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TABLE 9-35 -

Commercial : Response to official 6 hour warning of

flooding
Carlisle Appleby Total

Do nothing L 7% 1 3% 5 6% .
Keep watch 3 5 9 27 122 13
Consult others 0 0 o
Sandbagging , 18 32 6 18 2k 27
Move machines/stock ks 8o 22 67 67 95
Other 5 9 1 3 : 6 7
Total (75)133 (39) 118  (114)128

% of Respondents



:né thirty-cight percent. ©This response would indicctce simnilar
findings to the residentiecl survey, with the older business-rien

lecs likely to undertake ineffective remedial action.

businecs-ncn vere also asked if they head any set procedure
to follow in the event of a flood Qarning or energency. <o this
guestion only four business-men in Carlisle and two in Appleby
responded positively. The scwerase works in Carlisle have cerfain
operations to fulfil in the event of a flood warning to protect
the rest of Willow Iolme Industrial Estate. (These have been
described in chapter six). Carrs of Carlisle also implemented
a géneral emergency plan, vhereby workers are requested to
undertake certoin preplanned exercises. The electricity power
cstation in Carlisle has fittings to protect some machinery and
some punps £o remove water once the flood has receded, and

finally Vibroplant, in the industrial estate maintains a standby

team for any general emergencies, which would be mobilised in

the event of a flood werning. In Appleby, less formal arrangements'

have been made. For example, Eggleston's warehouse, vhere goods
are already stored above ground level, is kept under constant
surveillance during a flood alert in case further removal -of

stock is deemed necessary.

Several businesses, therefore, appear to.be prepared for
flooding, and have tried and tested plans for dealing with such
contingencies. Others, ho&evér, particularly those which have
located on the flood plain since the last flood, tend to have
no plans and frequently perceive relatively ineffective actions

such ns sandbag;ins. Temporary measures to prevent flood waters

(343

enterin~ property are only fully effective if given concsiderable
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thoucht and plnnning; and only then with floods of low depth.
In Carlisle, Carrs biscuit factory and the plectricity station
choved the greatest adjustment to the flood hazard, and it is
probebly significant that both businesces had been in the orea
for many years, and hence had considerable experience of flood
problems. In Appleby, the warehouses along Chapel Street were

the moct adjusted to the flood hazard.

(ii) Perceived effcctiveness of remedial actions.

The final question in the survey requested the business-nen
to evaluate the losses which would accrue from two hypothetical
floods, first without any prior warning and secondly with sixv
hours warning. In this way, a crude estimate of the total losses
fron flooding was obtained, and also the perceived cffectivencss

of remedial action prior to a flood. The two floods considered

were of 15 ¢ (6 inches) and 120 cm (4 feet) depth. The guestion

‘produced a wide rangé of responses from the business-men, with
perceived losses from flooding varyiﬁg betveen nought end cixty
thousand pounds. TFor this réason, the estimated losses wvere
corverted to a iogarithmic scale, so that both the high extremes
and the generclly more common lower values could be incorporated

into the sane distribution table.

In Carlisle, the total losses perceived by businesz-ricn in
the event of a 15 cm flood without any warning amounted to
£191,670, while given a 6 hour warning, this figure fell to
£78,000, on overcll saving of 59.75%. In the case of the 120 cu

flood, tot2l losces without warning amounted to £570,750, wvhich

8

arnin fell conriderably following a werning to £325,100, o saving

625
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on this occasion of 43.04%, The mean losses per buginess
establishment were £3,616 and £1470 for the smaller flood,
and £11,200 and £6375 for the larger. .The pe;ceived losses for
Carlisle businesses, based on the logarithmic scale are shown in
table 9-36, while figure 9-3 illustrates how the perceived
losses varied between the two floods, both with and without

warninge.

In Appleby, the perceived losses accruing from flooding were
not as high as in Carlisle, although there was still a wide
variation in the responses. The distribution of these responses
is shoﬁn in table 9~37 and further illustrated by figure 9-I4,
Based on the actual data, rather than the classification groupings
used in the diagrams, the total perceived losses from a 15 em
flood amounted to £23,600, and with 6 hour warning, to £5,600.
The mean losses per business fell from £736 to £175 for an
overall perceived saving of 76.2%. With the 120 c¢m flood,
perceived losses rose to £170,700 without warning and to £28,900
with, and the mean losses rose coirespdndingly to 35590 and
£963 respectively. The perceived savings for this larger flood -
amounted.to 83.07%. Thus, while Carlisle business-men generally
perceived the largest flood lossces, the greatest savings given -

a six hour flood warning were anticipated by the business-men

in Appleby.

The perceived losses vere explained to a certain extent Sy
the type of business to which they referred, which was expected
concidering some industries are more susceptible to flood damage
than others. Tables 9-38 and 9~39 show the total perceived losser
accruinz from the two flood events for the four types of businesces

in Carlisle, while similar data for Appleby are shown in tables
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TABLE 9-36

Commercial : Perceived flood losses from 15 cm flood
and 120 cm flood

CARLISLE

15 cm 120 cm
Log of Damages No warning With warning No warning with wayning
None 2 % 7. 32% % 5 10%
1.0 - 1.749 5 9 L4 8 1 2 2 L
1.75 - 2.499 18 3k 6 - 30 L 8 ? 14
2.5 - 3.249 7 13 8 15 8 16 9 18
3,25 - 3.999 1% 26 6 11 17 33 16 31
4,0 - 4.749 7 13 2 b 19 37 12 24
4,75 - 5.499 2 4
Total 53 99 53 100 51 100 51 . 100
TABLE 9-37

Commercial % Perceived f£lood losses from 15 cm flood
and 120 cm flood »

APPLEBY -

15 cm 120 cm
Log of damages No warning With warning No warning With warning
None : 3 9% 13 L% 1 3% ? 23%
1.0 - 1.749 1 3 3 -9 2 4
1.75 - 2.499 ‘9 28 9 28 1 3 7 23
2.5 - 3.249 16 50 7 22 9 30 7 23
3425 = 3.999 3 9 13 43 7 23
4.0 - 4,749 6 20
.75 - 5.499

Total 32 99 32 100 30 99 30 99
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Perceived losses from 15cm flood.: Carlisle business-men
With 6 hours warning
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Perceived losses from 120cm flood : Carlisle business-men
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Fig, 9-3. Estimated flood losses both without and with a six
hour flood warning in Carlisle,
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Perceived losses from 15cm flood : Appleby business-men
With 6 hours warning
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Perceived losses from 120cm flood : Appleby business-men
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Fig, 9-4., Estimated flood losses both without and with a
six hour flood warning in Appleby.,



oL oo ©=f1. In Corlirle, the rectest perceived loorsen were

I8
0

sccounted lfor Ly the :Iolor(lc bucinesses, produced

svers-e losrces twice o hifh as other buzinescee,y whilst
Joient avernre losces uere recorded by the reteil outleto.
.This responce vags pro obably a funciion of twp bus in
characteristics, size and type. iFor example, retail outletcs
were cenerally very small and hence, even if totally inundateéd
vould in esctucl fizures suffer less damage than larger concerns
wvould from cven ninimal flooding. Other businesses, such as
the manufocturing ond construction industry, because of the

nature of their goods and machinery, could well survive certain

flood levels with relatively little cdanmage. On the other hand,

[N

vholesale buciness, which in Ccrlisle principally involved food
and electronic concerns, would maintain stock perticularly
vulnerable to flood damace and at the same time have a greater
valuc of goods at risk thon retail outlets. Thic differcnce
between the different types of industries vas even greater
following a flood warning, with mcan losses for wholesale three
times larger than manufacturing and construction perceived loszses.
The sane trend was apparent for the larger flood event, although
the differcnccs between the businesses vere less pronouncéa. The
depth, thercfore, would nppcer to ceaure proportionally more damage
to otlier buzineccsec, althoush wholesale business-uen still

perceived the largest losses,

he perceived cifectiveness of o six hour flood warning a2lco

voried between the different business types. In the sualler Ilood,

.

the nmonufacturing: ond constructiorn industry estincted cverage
cavin s of GO.N% conpired to ({,49% in cervices, 57. 10% retcil

cnd only L0.70% Cox the wholesale bucinescezs  In the larier
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TABLE 2—28
Commercial : Perceived flood losses from 15 cm flood and
estimated total flood plain losses from
commercial property - based on actual figures

from different business types

CARLISLE

Without warning

Total perceived Mean perceived Estimated
losses losses total flood
plain losses

| 2::sf:ruction - £65,600 £4,685 £65,600
Wholesale 86,100 9,567 , 86,100
Retail 12,220 940 17,860
Service’ 27,750 1,632 50,603
Total 191,670 3,616 220,163

-With warning

Total perceived Mean perceived Estimated Percentage
losses losses total flood Saving
: plain losses

631

Man & -
Construction 20,050 1,432 20,050 69.44
Wholesale 42,400 k,711 42,400 | 50;75
_ Retail 5,170 398 74556 . 57.69
Service 9,300 547 16,959  66.49

Total 77,920 1,470 86,965  59.35
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TABLE 9-39

Commercial : Perceived flood losses from 120 cm flood and
estimated total flood plain losses from
commercial property - based on actual figures

from different types of business

CARLISLE
Without warning
Total perceived Mean perceived Estimated

losses ' losses total flood
plain losses

gzzsi‘ruction 199,500 14,250 199,500
Wholesale 144,000 18,000 162,000
Retail 25,650 S 1,973 37,489
Service 201,600 12,600 390,600
Total 570,750 11,191 789,589

With warning

Total perceived Mean perceived Estimated Percentage
losses losses total flood Savings
plain losses

Man &

Construction 117,750 8,411 | 1j3,750 40.98
Hholesalg 112,200 14,025 126,225 22,08
Retail 9,800 754 4,323 . 61.79
Service 85,350 5,334 . 165,366 57.66

Total 325,100 - 6,375 423,668 L6.34




flcod, lere wos cven Jreater veriction, with the loriest

~

'

. N . - . R - o o
cavin_s perceived by retailers $61.79% comparcd to 57.00% services,

45.,92% in wenufaciuring ond ‘construction, and only 22.08% in

vholescle. whis lov perceived saving in the vholesale busincus,
particularly in the 120 cm flood, was causcd by large stocks of
oods and a lack of safe areas in which to move theﬁ, according

to several bucsiness-nen. Nevertheless, the most important aspect

to emerce from this question, as far as business type was concerned,

wvas the ocusceptibility ol wholesale establishments to flood damzge

in general.

In Appleby, the significance of business type on perceived
flood loscses was less clear, which could be a result of the
smaller number of businesses and the general similarity between
them. Also, since there were no wholésalevconcerns, the results
did not help to substantiate the findings in Carlisle. The
greatest perceived losses in both the 15 c¢cm and 120 cm floodé
without warning were recorded by services followed by retail
outlets. However, following a six hour warning the greatest

mean losses for both floods were found in the retail businesse

]

.
These figures reflect the gregter perceived savings following

a flood warning by the respondents in service businesses,
particularly in tﬁe larger flood, compared to other business
types. For erample, the estimated savings for services was
79.38% and 91.64% for the small and large floods respectively,
vhereas the perccived savings for retail outlets were 72.33% and

52.43%, The perceived savings for the one manufacturing and

construction establichment in Appleby were 75 and 80%.
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sipg the data collected on the pnerceived losses from
flooding for the different typec of business, the total losces
for 211 inductiries on the ﬁwo flood plains were calculated.
fhis included thosc industries not surveyed in the uuestionnaire,
The results of these calculations are shown'in tables 9-38 to
9~-41, In Czrlisle, the total lossés for 21l flood plain
businesses amounted to approximately 2220,200 for the small flood
vithout warning and to £86,96% with a warning. For the large
flood, the fizures were tﬁ89,583 ond £423,668, However, becauce
of the preat variation in perceived losses even between similar
businesses, these extended figures could incorporate a degree

of inaccuracy given that seventcen businesses were not smurvered.

In .lppleby, sinilar calculations indicated that for thc'
smz2ll flood 225,300 worth of damzge would be caused, falling
to £6000uith a warning. In the large flood, total losses would
rice to 3195,600, and to £33,000 wifh warning. Neverthelecs,
even given the possible source of error, these fisures show a
very high deprce of flood damage even in the smaller flood with

2 six hour warning.

-

Yhile the two centres produced comparable responzes to this
auestion, the pcfccivcd loszes from Cexrlisle businecs=nen were
consistently above those from Appleby. This prebably reflectc
the cenerally larger establichments in Carlisle vhich wduld_have
mare goods at risk to flood damage compored to the small fomily

shop in dAnpleby.

The other snjor independent variables apparently influencing

the responrce to thic sucction wors {lood evperience.  While



TABLE 9-40.

Commercial ¢ Perceived flood losses from 15 cm flood and

APPLERY

Without warning

estimated total flood plain losses from

commercial property ~ based on actual figures

Total perceived Mean perceived

Estimated

from different business types
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losses losses total flood
: plain losses
Man &
Construction 200 200 [To%e)
Wholesale
Retail 10,500 656 11,156
Service 12,850 857 13,707
Total 23,550 736 25,263
With warning
Total perceived Mean verceived Estimated Percentage
losses losses total flood Savings
' plain losses
Man &
Construction 50 50 100 75.00
Wholesale
Retail 2,905 182 3,087 72.33
Service 2,650 177 2,827 79.38
Total 5,605 175 6,014 76.19




TABLE 9-41

Commercial : Perceived flood losses from 120 cm flood and

APPLEBY

Without warning

estimated total flood plain losses from

commercial property - based on actuwal figures

Total perceived Mean perceived Estimated

from different business types

636

losses losses total flood
. rlain losses
Man &
Construction 1,000 1,000 2,000
Wholesale
Retail 37,000 2al“67 l"19933
Services 132,700 9,479 151,657
Total 170,700 5,690 195,590
With warning
Total perceived Mean perceived Estimated Percentage
losses losses total flood Savings
plain losses
Man &
Construction 200 200 400 80.00
Wholesale
Retail 17,600 14,173 19,947 52.43
Service 11,100 793 12,686 91.64
Total 28,900 963 33,033 83.07
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burinc:s.typc tended to reflect the rctucl property and
v:luobles ot risii to flood cdanage, flood erperience wan expected
to zive a clearer indiCQtioﬁ of actual savings to be uade
follouins o flood wernins, It woe purported that personcl

experience of the physical processes of flooding would greatly

enhance the accuracy of perceived losses accruing from flooding.

Tables 9-#2 and 9-43 show the perceived losses from the two
{loods based on flood cxperiencd for the business-men in Ccrlisle
and Applchby rqspectively. In Carlisle, the mesn percecived locres
for those business-nien with flood experience were invariably
hicher then tﬁe tiean perceived losses of non-expericnced businescs
nen. This would currest that non-cxperienced business-men
tended to underestinate losses, given that the flood experience
wes likely to improve the perception of the other zroun. The
perceived savinge from a flood werning also differed between

the two groups with the non-experienced estimating savi

i

oE 0

¥

72,??% conpared to 54.94% of the experienced respondeﬁfs, for
the emaller flood. The savings for the lerger flood were
comparable 43.14% and 43.02%. 1In this case, it would appeor
thot the non-cxparicenced buginess-fien tend to ovcrestima*é'the
potential of remediol action prior to ¢ flood, ot lcast for the

snaller event.

In Annleby, tiic reverse trends were found. Hon-experignced
busineass-nen perceived jreater losses than the experienced in all
caces excent the lorze flood without warning, ond the
expericnced perceived the greatest cuvingn, £3.65% ond 38.50%

.ol

.y ‘e’ - - . PN D - S e Vier
comprred (O S % rad £5,.0 7%, ..ovever, the data for applely

=i Lo coreuwhcet wnrelichle dn thie cope, porticulorly for Lhe

. .
v



TABLE 9-42

Commercial : Perceived flood losses based on fload

experience
CARLISLE
15 cm flood
Without warning With warning Percent”
Total Mean Total Mean Savings
Experienced 144,300 k,123 65,020 1,858 5k.94
Non experienced 47,370 2,632 12,900 717 72.77
Total 191,670 3,616 77,920 1,470 59.35
120 cm flood
Without warning With warning Percent
Total Mean Total Mean Savings
Experienced 461,000 13,171 262,700 7,506 43,02
Non experienced 109,750 6,859 62,400 3,900 43 14
Total 5704750 114191 325,100 6,375 43,04
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TABLE 9-43
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Commercial : Perceived flood losses based on flood

experience
APPLEBY
15 cm flood
Without warning With warning Percent
Total Mean Total Mean Saving
Experienced 16,850 702 2,755 115 83.65
Non experienced 64700 838 2,850 356 57.46
Total 23,550 - 736 5,605 175 76 .20
120 cm flood
Without warning With warning Percent
Total Mean Total Mean Saving
Experienced 142,500 6,196 16,300 709 88.56
Non experienced 28,200 4,029 12,600 1,800 55.32
Total 190,700 5,690 28,900 963 83.07




mone=nynepricnced coltisotes beeouse the fijurcs core bhoced on only

ci it bugincos reoponscs.

Ia the Jiunal snelycis, the coumercicl survey indicated tiurt
flood »lain busiresso-ten were more aware of the flood provleuns
and e prosromncs implemented to clleviate them, than the
residents. Businesses hed a longer length of residence tinme in
the flcod prone areas, which had 19d to greater flood experience,
-né hence, in souec cases, to mofc effective adjustuents to the
hazord. Jhe coumnercial survey also confirmed the correclation
between increasing flood depth and greater flood losses, althouch
commercial lossce were consistently larger than residential (thris
was found for both actual reported losces, and perceived future
josses). The efficient Tlood proofing of only a few business
premises on cach flood plain would reduce the losses accruing

from flooding quite significantly, although this would do little
to reducé the psychological stresses and anxiety for the rest of
the business-men and residents. The commercizl data showed that,
in general, greater rcsidence in the area correczponds to a more
zccurate perception and awareness of the local environment. The
comzercial survey, therefore, showed that despite the two -
research flood plains being primorily residential (opart from
villow llolue Industrial ZEstate in Cearlisle) businesc prenises

still warrcnted considerable atiention in ternms of flooding, at

lcast as Tar as financial losses were concerned.
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GENERAL CONCLUSIONS



Introduction

The aim of this research was to improve the understanding of
flood plain management with a view to reducing flood losses.
Initially, it was shown that flood plain residents would respond to
the flood hazard on the basis of their perceptions of the problem,
and that this behaviour is often assumed to constitute a rational
decision on the part of the individualAto minimise flood losses.
In practice, however, this perceived action could represent
‘irrational behaviour which could exacarbate flood losses. The
main conclusion to emerge from the research, therefore, was that
if individual perception and awareness of various aspects of the
flood problem was improved, then a more favourable response to the
flood hazard would be generated, and hence flood 1osseé could be
reduced. The importance 6f these behavioural studies was shown
for all aspects of flood plain management, including structural
schemes and ndn—structural adjustments. Particular attention was
given to the social implications of floogd forecasting and warning
schemes because of the importance of these measures to the present

British flood planning policies.

The flood problem

The flood problem eXists,not because all rivers flood at some
time, but primarily because man has put a high premium on a floed
plain location., The reasons for this have varied over the years,

from water supply, pover generation and modes of communication,

to flat land for construction purposes, or more recently for purely

aesthetic reasons. Each of these in turn has added to the flood

problem by encouraging development on the flood plain, and thus
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placing increasing property in hazardous areas. The study of

the historical development of Carlisle provided a typical example
of how the flood problem arose in many British cities (see chapter
five for details). This study showed that Carlisle expanded
rapidly during the late eighteenth and througﬂout the nineteenth
centuries as a direct result of the industrial revolution. Almost
all this development was confined to the flood plain areas arouna
the old medieval core of the City. In Appleby, the flood problem
was the relic of earlier settlement patterns and is probabiy
typical of the development of many other upland villages in Britain.
This pattern of flood plain encroachment has occurred throughout
the world, and in chapter one, it was sﬁbwn how this behaviour had
resulted in large damages in many countries. For example,
catastrophic losses in terms of both property and life are reported
almost annually from such places as India, Pakistan, Bangladesh,
Indo -China and the U.S.A. The flood problem, therefore, is very
much the result of the interaction between man and nature, although

the problem exists only because of the activities of man.

Adjustment to the hazard

A major conclusion to emerge from parts I and II of this work
was the changing emphasis in flooa plain management policies since
the 1930's. Two principal findings stood out : firstly, there had
been a gradual change from structural xo‘non-structural measufes,
and secondly, alleviation policies had developed from a piecemeal
response to the problem to a more comprehensive approach to the
whole flood plain. For instance, flood alleviation was originally

synonymous with large scale structural schemes, particularly in the
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U.S.A, where many large dams and reservoirs were constructed during
this early period. Since then, there has been a trend towards
smaller adjustments, which aré more flexible, as well as the
incorporation of some non-structural measures into the overall
system. These changes in emphasis, especially with regard to
general flood plain management, have increased the need for

behavioural studies.

The change in flood plain maﬁagement arose because of failures
in the earlier policies significantly to reduce flood 105555,
despite ever increasing investments in flood alleviation schemes
(see chapter one for details). Kollmorgen (1953, 214) was one of

the first to express dissatisfaction with such policies.

"Under present plans, we will flood hundreds
of acres of the finest agricultural land in
the state (Kansas) to protect one acre of
urban flood plain land which has only limited

site value for improvements that could readily

be shifted to secure upland locations.

He further suggested that, for many schemes, it would have ﬁeen
cheaper to purchasc the upland areas, rather than flood them,
Hence, the cost of implementing such schemes in conjunction with
the ever rising flood losses, brought about the change in attitude.
Many schemes are now implemented, which in the past were congidered
to have little or no value, such as fisod insufance, orvto be
impractical in many environmeﬁts. such as flood’fcrecasting and
warning schemes. However, the important technological advances

since the 1930's have made such adjustments viable means of reducing
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flood 105$gs.

The importance of behavioural studies

An important conclusion to emerge from thg early review of the
literature was the significance of behavioural studies to the succeess
of any flood plain management programme. In the past, flood
alleviation schemes have been subject to a series of feasibility
studies, in particular benefit-cost analyées, to select the most
effective measure for a specific area. However, these feasibility
tests have failed, since flood losses have continued to rise, and
many schemes have been implemented which have been less effective
than originally anticipated. The evidence would suggest that these
failures have arisen because of the'lack of consideration for the
social implications of the flood plain management programmes. In
general, social factors have been ignored, on the assumption that
any scheme implemented to alleviate the flood problem would be
acceptable to those persons living and working on the flood plain.
This view was clearly not true, even for the earliest schemes, but

has become less with the recent trend towards non-structural measures.

(a) Structural measures

One of the fallacies of the early flood plain management
policies was the belief thgt social factors would have no effect
on the efficiency of structural alleviation schemes. Unfortunately,
such schemes have generated an inefficient response from the flood
plain populations, a feature common to most structural measures.
This response, subséquently called the 'levee effect', has resulted

in increasing investments in flood plain property on the so~called



safe sides of the alleviation scheme. Thus, any scheme incorporating
structural nmeasures should also incorporate some form of
development control to prevent an increase in potential flood

losses.,

(b) Non-structural measures

The significance of behavioural aspects to non-structural
flood alleviation measures is eveﬁ greater, and the need for such
studies has increased with the recent trend in flood plain
management. As with structural schemes, so the assumption has
been made that flood plain residents (and business-men) would
respond favourably to minimise flood losses, with any non-structural
scheme. For example, a flood proofing policy or an insurance
programme is only effective for those persons who undertake such
actions, while a flood forecasting and warning scheme is only -
effective if the majority of the flood plain population take

positive remedial action.

The Behaviour Studies = Major findings

(a) Flood plain characteristics

The initial part of the flood plain surveys established several
features common to many flood piains. For instance, the age
distribution of the flood plain resideénts in Carlisle and Appleby
was skewed towards the elderly., This feature compared with
similar findings of other surveys, such as Penning-Rowsell (1972)
in North Gloucestershire and Harding and Parker (1972) in Shrewsbury,

and even to the Atlanta flood plain studied by James et al (1971).
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Further research is necessary to establish whether this is a common
feature of flood plains or pu?ely a chance occurrence. It may be
that the flood plains in these larger centres represent the older
residential properties, and do not attract the younger families to
the same extent as newer housing estates; thié was certainly the
case in Carlisle. The smaller settlements, such as Appleby may

simply reflect the generally aging populations found in communities.

The information collected on previous flooding, particularly
the 1968 event, also suppdrted the evidence from other surveys.
Most noticeable was the correlation between flood depth and flood
duration, with the extent of flood losses in 1968, for both the
residential and commercial data. (The relationship in the
residential data for both Carlisle and Appleby is shown in figure
7-11). These findings corrésponded to the earlier studies of
White (1964) and Chambers and Rogers (1973) who produced different
stage-damage curves for various flood events (see figures 1-12
(a~h) and 1-13). The Carlisle and Appleby surveys had not been
designed to collect informatioﬁ for such detailed economic
analyses, although precisely the saﬁe trends were present : increasing
flood losses corresponding to greater flood depths and longer
duration of flooding. In Britain, the study of flood losses, both
theoretical and practical has received only cursory attention in
the past, particularly in comparison with the American studies. N
Parker (1976) has recently investigated this aspect of the flood
hazard in greater detail, but the current level of research is
etill insufficient to propose any realistic model of general flood

plain losses from different magnitudes of flooding.
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A further feature of the 1968 flood losses was the relatively
small proportion attributed to residential damage, and the large
amount asccounted for by the cémmercial properties. In Carlisle, the
response to the questionnaire (adjusted to include all flood plain
properties) indicated that spproximately £h63%,500 of damage had
been caused, and that of this 90% was from the commercial sector
of the community. In Appleby, the total losses amounted to
approximately £24,500 of which 67% was attributed to commercial
loss. Thus, purely on economic terms, the ideal solution to the
flood problem would be to protect only a few of the more flood
prone industries subject to particularly high losse$. However,
this would be unacceptable on social grounds, since nothing would
be done either to reduce residential losses, or to reduce the

psychological stress associated with such flood plain locations.

Another conclusion to emerge from this initial behavioural
study was the importance of effective remedial action prior to a
flood. A significant relationship, for instance, was found between
those who successfully employed certain measures and those recidents
with lower flood losses, which supports the concept of a flood
warning scheme in the area. It was also found that residenté who
experienced the least severe floods in terms of depth, were more
likely to find temporary measures, such as sandbagging, useful than
residents flooded to greater depths. Therefore, it is suggested in
future that tﬁe most efficient employment of time and resources
would be for the Local Authoriﬁies to issue sandbags only to those
households located on the periphery of the flooding, given that this

zone could be determined relatively easily, while other actions, such

as the removal of valuables to higher levels, should be actively
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encouraged in the areas of more extreme flooding.

(b) Studies of perception and awareness

Studies of perception and awareness were %ncorporated into this
research on the basis that flood plain residents would respond to
the flood hazard according to their perception of the situation,
which may not necessarily represent reality. Thus,behaviour,
which on a superficial level would.appear illogical, could
represent a rational decision-making process on the basis of the
perception of the individual. In places, therefore, this work has
suggested ways of improving perception and awareness of various
aspects of the flood hazard, in the belief that this would improve
the residential response to the hazard and thus reduce flood losses.
Many conclusions emerged from the mass of questionnaire data on this
aspect of behaviour, although only the more pertinent findings are
reviewed here. (Further details may be found at the end of each

section in chapter eight).

Two va?iables were found to influence perception and awareness
in particular. These were the frequency of the hazard event and
personal experience of the proSlem. First of all, not everygne on
the flood plain in Carlisle was aware of the flood problem, and the
extent of awareness was clearly related to personal flood experience.
Evidence 2lso suggests that residents who are aware of the hazard
are more likely to take ineffective action prior to a flood, and
will not have undertaken any pre-planned action in the form of
flood proofing or flood insurance (see below). Newcomers to the
area, therefore, are more likely to suffer greater losses than

experienced residents of longer duration. This situation could be



inproved quite significontly if new occupants of flood prone
propertyvwere made aware of the hazard, either officially by the

Loc2l Authority or by estate agents and surveyors who have not
2dvertired the problem in the past, Residents with flood experience,
especizlly those with experience of more extreme events, were also
more likely accurately to perceive the flood hazard. 'ith reference
to proboble future flooding, for instance, those residents with
expericence perceived the truc situation more accurately than the

inexperienced recidents.

The degree of fear of flooding was related primarily to the
frequency of its occurrence, since dppleby residents tended to worry
more about the problem than Carlisle residents. Thic recult vas
confirmed by earlier data on various harards, which suggested thet
day to day events caused greater annoyance than seasonal problems.
Fear was also related to personal cxperience, although those
flooded more frequently often expressed less fear than others.

This suggests that certain residents after several floods beconme
adjusted to the environmental conditions of their location. Again,
a policy of informing residents of the flood hazard may eventually
reduce the psychological stress, by mentally adjusting residents
to the flood problem. Social factors also brought out several
differences; for instance, women and older residents expressed
greater fear than younger_residents and males. This could either
represent a génuine difference between the two groups, or a

reluctance of the latter group to admit to such fears.

The awareness of the authoritarian response to the flood hazard
was also related to social factors and personal experience. For

instance, those respondents who had lived in the area for the longest
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period, the older residents, and those with the greatest personal
expericnce of flooding, were most likely to be aware of any
authoritarion response. In Aﬁpleby, the sane group were more
likely to be awsre that no action had been undertzken in the town.
It wvas also found that recidents not aware of authoritarien schemes
were more likely to worry about the flood problem. Thus a
programme of education concerning the flood hazzrd could reduce
the psychological stresses of a flood plain location, especially
for those residents aware of the probability of flooding, but
unawzare of any alleviation.measures. It was also significant that
younger, less experienced, residents expressed greater faith in

suthoritarian schemes to overcome the flood problem, and hence

tended to worry less about the hazard.

(¢) Flood forecasting and warning schemes

The flood forecasting and warning scheme which operates in
the Eden Valley, and the attitudes of flood plain residents and
business-men towards the scheme, illustrate many of the findings
associated with flood plain behaviour. Although this survey
concerned only one flood warning system, many of these conclusions
are relevant to flood forecasting and warning systeus elsewhere,

as well as to other non-structural measures.

In chapter one, flood forecasting and warning schemes were
examined as a system, consisting of three parts each an integral
subsystem of the whole. The first subsystem, collection and
evaluation of the date, was discussed in theoretical terms in
chapter three. This study showed the rapid technological advances

made in this form of flood alleviation in the last fifteen yecrs,
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eepecinlly in the field of instrumentation. The Cumbrian schemes
were analysed in chapter six,.including proposals for future
amendments to the scheme following the reorganisation of the water
industry. The new plans would greatly enhance an alreédy highly
sophicticated system, since further settlementé not precently
incorporated in a flood warning scheme, such as Appleby, could be
more easily included. Improvements in the system would also increase

the potential for flood loss reduction by this means in Cumbria.

The second subsystem, dissemination of the warning message,
has received very little attention in the past and must represent
a major weakness in most flood forecasting and warning schemes.
Without an efficient method of broadcasting the warning message
to all persons on the flood plain, zny great advantage offered by
an efficient first‘subsystem is immediately invalidated. Of =21l
the forecasting schemes discussed in chapter three,only one had
promoted any procedure for the dissemination of the warning message.
The Severn River Authority reported employing flood wardens for this
purpose, and then only in rural areas. The remainder left all
responsibility for warning dissemination with the police, who
usually resort to touring the flood prone areas with loud hailers
to alert thé local population. Therefore, to improve the efficiency
of flood forecésting and warning systems a more effective method

of disseminating the warning message should be devised.

In Carlisle, & wmore sophisticated scheme for the dissemination-
of flood warning messages was developed, which at least in theory
would cover the whole flood plain population quickly and efficiently,
This scheme was baced on a pyramid call-out system, whereby the

police would alert several volunteer reccivers by telephone, who in
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turn would puass the messege on to several of their neighbours, and

s0 on. A similar scheme was developed for the industfial premices

at Willow ilolue. Iowever, the efficiency of these schemes wes

chown to be extremely suspect, because of the high turn-over of

flood plain occupants, both residential and cohmercial, and the

subcequent failure by the authorities to update the system. A

flood worning in Carlisle, therefore, would undoubtedly cause some
confusion given the present state of the system. To improve this

syst;m’ not only should the whole of the flood plain population

be informed of the procedures following a flood warning, but also

the official receivers should be reminded of their obligations.

A further potential weakness in the Carlisle scheme is the
attitudes of the flood plain residents. For instance, the majority
of respondents expressed greatest faith in the police and River
Authority in the event of flooding,and hence it is guestionnable
how much response would be generated by the verbal dissemination of
a warning between residents as the pyramid system proposes. Thie
attitude supported the hypothesis put forward by Mileti and Krane
(1973) who suggested that respondents would react most favourably
to a warning that came from an authoritative source. An improvement
to the Carlisle scheme, which would have other benefits later,
would be to designate certain volunteer residents as official flood
wardens, and give them responsibility for small blocks on the flood
plain. In this way the present scheme could be maintained, if
updated and the new wardens cquld act as initial receivers of the
warning message from the police. It is believed thst a warning

message received fron such a semi-official person would generate a

greater response than would the present pyramid system.
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The final stage of flood forecasting and warning schenmes,
reponse to the warning message, has received even less attention
then the previous ctage. This is a critical factor, since the
relztive success or failure of the scheme eventually depenéds on
the favourable response of the flood plain residents and businecs-
men prior to a flood. The scheme, like most others, has always
been implemented on the basic assumption that receivers of the
warning mescage would act rationally to mirimise losses accruing
from flooding. In general, the flood plain resident will probably
aim to do this, but the measures undertaken may not in fact be
very efficient, although the resident himself may perceive them as
most effective. For example, in Carlisle many residents employed

very poor schemes in 1968, such as sandbagging, vhich were frequently

found to have little effect in controlling the flooding.

A further factor, which could impair the effectiveness of the
warning scheme, was the generally lowaJsareness of the system by
Carlisle residents. An official flood warning, therefore, would
take many residents by surprise; and even if they believed the
warning, they would probably implement ineffective measures. 1In
Appleby, an even worse situation exists with many respondents‘
expressing faith in a non-existent flood warning scheme. This would
cause even greéter flood damage if residents waited for a warning
rather than kept watch on the river themselves. Fortunately, however,
this latter response is a common featu?e of the older /ppleby |
residents, and those who have lived in the town for a long time, and
hence flood losses may not be as high as it would first appear.
Neverthelecss, it would seem essential to advertise the Carlisle flood
warning scheme widely over the flood plain, and to clarify the

position in Appleby, if flood lossecs are to be reduced in the future,



One of the major conclusions to emerge from this study of
flood forecasting and warning schemes is the absolute necessity for
authoritaerian help with the third stage of the system. For instance,
the perceived response to a flood warning was frequently of little
value in reducing flood losses, as had been proved by such actions
in 1958. Tor this reason, those respondents with flood experience,
who incidentally had often learnt through their experience, weré
more likely to pecrceive efficient remedial action in the future,
and hence suffer less seripus flood losses than inexperienced
residents. Thus, to reduce flood losses in the future by imprbving_
pre-flood action some form of official advice should be available,
particularly to inexperienced residents, detailing the most
efficient action to be taken in the event of a flood warning. Such
information would reduce the number of residents who spend valuable
tiﬁe securing openings against flooding, only to find that flood
waters have inundated the property by rising up through communél
foundations, or even by overtopping the defensive structures.
This information could easily be distributed in the form.of a
leaflet to all flood plain houéeholds, and may also encourage
certain preparations to be made even before a warning is issued by

making more people aware of the flood proofing technicues available.

Further authoritarian help of a physical nature should be
available to the old and infirm residents, who may be incapable of
undertaking l extensive or remedial action prior to a flood. The
questionnaire survey showed that many older residents in both
Carlisle 2nd Appleby perceived no action in the event of a flood
warning. Clearly, a system of such aid would both reduce losses

accruing from flooding, and probably just as important, reduce the
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psychological stress of the hszard to these people. Ironically,
it is often this group who have the greatest experience of flooding
and who percecive the most efféctivc responge to the hazard, but are
phyeicelly incepable of carrying out ony action. This research
therefore, sugszests that some organised system, possibly on a
voluntary basis, should be set up to deal with this problem, and
that older flood plain residents should be made aware of the schenme.
This scheme could be combined with the flood warden system, whilst
the leaflets informing residents of the flood hazard and the flood
warning scheme could also provide this additional information. In
this way, older residents would have less need to fear flooding, and

flood losses would also be reduced.

The rationality of individual behaviour was confirmed by
further evidence from the gquestionnaire surveys. Those inexperienced
residents who perceived actions following a flood warning that.
would in reality be of little value, also perceived the greatest
savings from six hours flood warning. Thus, to the residents
themselves their perceived resgponse was a logical decision to
minimise their flood losses. If this initial perception, however,
could be improved by a policy of education in flood proofingl
techniques, then the response to a flood warning may well improve

and so in turn significantly reduce flood losses.

In the case of flood forecasting ana warning schemes, the?efore,
there were essentizlly two resident types who required help in
different forms. (In practice these constituted a graduation between
two extremes, but these two groups illustrate the problem most

clearly).



(i) Older persons = these were typified principally by
the Appleby survey but also parte of Carlisle. This group of
respondents tended to live alone, to have experienced flooding and/
or to be awere of the harzard, and also to know exactly what action
to tuke in the event of a flood. Unfortunatel&, the phycical
limitations of these residents restrict the response of this group.
A programme of zid in the form of physical help should be offereé
to thece residents, and they should be informed of this before any

flood warning is necessary, to reduce any psychological stress.

(ii) Younger persons - these represented the respondents
in other parts of Carlisle. This type tended to live in larger
femilies, and to have lived in the area for a more limited period;
their -awareness of the hazard is limited and their perceived response
to the flood hazard often ineffective. While this group is capable
of undertaking quite extensive remedial action, their lack of
personal flood experience would reduce the efficiency of their
response., Some advice §n flood proofing techniques and temporary
remedial action would not only make theée residents more aware of
the hazard, but also stimulate a more effective response to a flood
warning. ‘At the same time both groups would benefit in varidﬁs ways
from a flood warden system, since this could be the source of both
information and physical aid, as well as helping in the

dissemination of the warning message.

From the above classification, it would appear that social
factors can be used to classify residents according to the perceived
response to a flood warning. However, further research is necessary

to test the applicability of these findings to other areas.
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Nevertheless, the other proposals for the flood forecasting and warning



658

scheme would probably be just as applicable elesewhere.

(d) Decision-mo¥in: model

he perceived response and attitude towards the flood forecasting
and warning scheme illustrated many of the complex relationships
jmportant in flood plaih behaviour patterns and individual decision~
making. Figure 8-12 was constructed on the basis of these and
other relationships established from the residential questionnaire
surveys in Carlisle and Aﬁpleby; The model attempts to explain
the procecses of individual decision-méking on the flood plain as
a function of certain independent factors, and through the
perception and éwareness of different aspects of the flood hazard.
The model assumes that all residents would seek a peaceful
coexistence with the natural environment, although the scheme was
flexible to allow for differences in this perceived peace. TFor
example, the perceived peace for one resident could well represent
an intolerable level of flood risk to another. It was anticipated
that by establishing these relationshipé of flood plain decision-
making a predictive model could be derived to determine future flood
plain behaviour on the basis of easily acquired information on flood
plein characteristics. For instance, if behaviour patterns could
be determined from certain social traits, such . data could be
obtained readily from censuses, and hence authoritarian flood plain
programmes could be geared towards the perceived behaviour 6f these
persons. In this way, some consideration could be made of the social
implications of flood plain management, which would hopefully make

any alleviation programme more effective.
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In thgse ctudies three groups of independent factors were
examined : structural factors, physical/environmental characteristics
ond sociol traits (see chapte? eight for details). Of these, severzl
voriobles emerged as the most significant in governing flood plain
decision-making processes. These were age of the respondent, length
of residence in the area and various aspects of personal flood
experiences. Unfortunately, the other social characteristics were
often inadequate,for further research is required to determine the
real significence of these factors to decision-making. Similarly,
further studies should be conducted on the structural factors, for
while the contrast between Carlisle and Appleby suggests this is
important, thie comparison is rather tenuous given the other
differences between the two communities. Neverthelecs, the research
did show the significance of behavioural studies to flood plain
research, especially the influence of certain social and physical
factors on perception andahareness of various aspects of the flood

hazard.

The data produced by this research were not sufficient for the
construction of a comprehensive model of flood plain behaviour,
although several types of respondent did emerge. For exampie,
the older residents were more likely to live alone, to have lived
in the area for a long time and to have experienced flooding to some
extent. These residents were most aware of the flood hazard, and
their percepfion of the hazard was most accurate, and as a résult
they were most likely to perceive a fékburable response to any
future flooding. The other group, young, in lafger families and

resident in the area for only a relatively short period, generally

have little experience of floodirng and are possibly unaware of the



hazard., Clearly, the prOpOSals for the flood forecésting and

worning system would improve this owareness, and thus generate more
effective flood plain behaviour. However, fufther research 1is
required in other varts of the country to confirm these relationships,
co thot a more effective and detailed model of. flood plain behaviour
may be produced. It may be that several models are required for
different flood plain environments, such as an upland model and a
lowland model. Alternatively, perhaps flood problems are unigue to
specific areas. Nevertheless, this work does illustrate the
importance of behaviourai studiés to flcod plain management

programmes, and the significance of behaviour to the scale of flood

losses.

In conclusion, this work provides an example of the flood
problem in one part of Britain. Particular attention has Seen
devoted to flood plain behaviour and individual decision-making,
which in the past has not been considered in any great detail.
Harding and Parker (1972) looked at certain behaviour aspects of
the flood problem in Shrewsbury, while the Middlesex Polytechnic
research team (1972) has examined similar problems in the North
Gloucestershire region, although neither survey has established any
detailed conclusions on flood plain decision~-making. The most
recent work (Parker, 1976) which has only just become available,
has considered behaviour in further detail, especially aspects of
perception, although even this research tended to concentraté'more
. on the economic aspects of flood damaée. Clearly, more extensive
work is required in Britain to establish the true causes of flood
plain behaviour, if flood losses are to be significantly reduced in

the future.
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APPENDIX 1

Definition of terms relevant to flooding

Bank full: The maximum discharge reached by a stream
when still within its banks. At this point
small sections of low lying land maybe

inundated.

Design Standards: Level of protection offered by strucfural‘
" flood alleviation schemes. Usually
calculated in terms of flood frequency
(see below) ie. a structure may offer
protection against the 1 in 100 year flood

(including all floods up to this level).

Discharge: Rate of flow at a given point in terms of
volume per unit of time, usually expressed

in cubic metres per second (m3/s)

Flood: Any relatively high streamflow which
overtops the natural or artificial banks
in any reach of the stream; ie. the stage

above bankfull discharge.
Flood damage: The physical damage caused by flooding.

Flood depth: The depth of water at a particular point
on the flood plain usually measured at

the peak flow.

Flood duration: The period from the onset of flooding

until the area is completely free from water.



Flood frequency:

Flood loss:
Flood routing:
Flood peak:
Flood plain:

Flood return period:

Flood velocity:

Lag time:

Maxiwum probable flood:

l?/sec:

The average number‘of floods during a
given period. (usually calculated over a

fairly long time).

The ecqnomic cost of damage by flooding,

both direct and indirect losses.

The process of computing the progressive

movement of a flood wave moving downstream.,

The maximum rate of flow attained by a

flood at a given point.

Area prone to flooding either side of the

channel.

The probability of a flood recurring at
any one time. A given flood may have an
average return period of once.in 100 years
of the probability of being equalled or
exceeded of 0.01 in any one year,

Speed of river flow in channel during

flood; usually expressed in metres per

second,

Time from the beginning of rainfall (or

centre) to the peak of runoff (or centre).

The largest flood for which there is any
possibility given the hydrological and

meteorological conditions of the area,

Cubic metres per second (see discharge).

662



Reach:

Sediment yield:

663

Any section of a river channel between

two given points.

The material carried downstream by the
flooding and deposited on the flood plain.
This can range from large scale debris to

smaller dirt particles.



APPENDIX II
NOTE
(1) Address Name
Area
(2) Type of building - 1.
' 2 .
3
L,
5.

(3) Sex of interviewee 1.
Lo

QUESTIONNAIRE -~ RESIDENCES

of Street

Terrace
Semi~detached
Detached
Flat

Bungalow
Male

Female

664

VARIAEBLE

1

2
3

QUESTION

1. What do you consider the three main advantages of living

in this ne1ghbourhood°
1.

2.
3.

2. What do you consider the

three main disadvantages of

living in this neighbourhood?

T
2.
3.

3. In general how do you feel about the living
conditions in this neighbourhood? Are they-

1.
2.
3.
4,

Very good
Fairly good
Poor

Very poor

b, which do you consider the most serious and which is the
second most serious environmental problem in this area? 12

1. Crime
2. Noise
3. Flooding

4, Pollution
5. Traffic
6. Other - (specify)

N

10

11

13



VARIABLE 665

5. Which of the following natural hazards frightens you 14

most and which is second most frightening? 15
1. Gales and winds 4, Flooding
2. Fog 5. Snow and ice
3. Thunderstorms 6. Other - (specify)
6. Does this building have a cellar/basement? 16

If yes please include the cellar in the following
questions.

The following questions concern flooding. A building
is considered flooded when flood water enters it or
rises around the outer walls without getting inside.

7. Has there been any flooding in this neighbourhood while 17
you have been living here?

8. Has this building been flooded while you have been 18
living here? . :

If 'no' go to question 16.
9, How many times has this building been flooded? _ 19
10. What was the depth of water during the 1968 flood? 20

11. How long was the building flooded (underwater) during 25
the 1968 flood?

12. Approximately how much did the 1968 flood cost you? 22

. 1. £0 ' 5. £100 9. £5000
2. £10 6. £250 10, Over £5000
3. £25 7. £500
4, £75 8. £1000
13, Did you receive compensation after the 1968 flood? Jé}

(Note: NOT insurance).

was this compensation adequate?

. Did you receive help from any of the following during 24-30
the 1968 flood and was this help very useful? :
Was this usefu
Help Yes/No Very Partly No D.K.
1. Police

2. W.R.V.S,

3. Salvation Army

4, Civil Defence/Army
5. Council

6. Neighbours

7. Fire Brigade

(Tick or cross boxes)



15.

(1)

(2)
(3)
()

(5)

16.

17.

18.

19.

20.

VARIABLE

Did you undertake any of the following actions during
the 1968 flood? What was the approximate cost of each
and how effective were they? 31-35

Tried Approx. -+ Usefulness

Yes/No Cost Very Partly No D.K.
Tried to keep water
out with sandbags
and other temporary
measurese.
Received public flood
warnings.
Moved valuables to
higher level.
Moved to temporary
accommodation.
Others, €.g.
moved care.
Are you insured against flooing? 36
I1f yes, when did you take out this policy? 37
Only ask those who answered No to question 8.
Do you know about the flood situatioun in Appleby/
Carlisle? 38
How did you first find out about the flood problem in
Carlisle/Appleby? 39

1. Estate Agent 4, Experience
2. Neighbours 5. Radio, television,
3. Personal Inspection newspapers.
6. Surveyors report
7. Other (specify)

Does this knowledge of the flood risk worry you? Lo
1. A lot ‘ 3. A little ‘
2. Some L. None
Did you consider the risk of flooding vhenvmoving
here? 41
Knowing what you know now, given the choice would

21.

you move here all over again? 42
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22.

23,

24,

25.

26.

27.

28.

29.

VARIABLE
Would you leave this building forever if you were
flooded each year for the next three years? 43
Is this building designed (or modified), or have you
made any permanent structural changes to keep out
flood-waters? ' Ly
How many times do you think this building will be
flooded during the next 25 years? 45
Do you think the risk of flooding in Appleby/
Carlisle is increasing or decreasing? 46
1. Increasing 3. No change
2. Decreasing ' ~ 4, Do not know
Indicate reasons for perceived decrease: 49-53
1. Changes in climate 5. Building river banks
2. Motorway construction ] and walls
cq as « Reservoir management
3. Town building : upstrean
4, Cleaning/silting of : .
rivers and ditches 7. Other (specify)
Do you think enough has been done in Carlisle to
prevent flooding? 54
(In Appleby - has anything been done to prevent
flooding?)
Are public flood ﬁarnings given in this neighbourhood? 55
If 'yes' are these warnings reliable? 56
If you were given 6 hours warning of floodwaters -
reaching your property how would you react? 57=62
7. Do nothing k. Employ temporary measures
2. Do nothing but keep such as sgndbagglng.
watch, 5. Move valuables to higher
3. Consult others for level,
second opinion, 6. Move to temporary
accommodation.
What is the most reliable source of information on the
flood risk in Appleby/Carlisle? - 63
1. The Council » k. The River Authority
2. Police " 5. Own judgement

3. Local radio./television 6. Other (specify)
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Note: There now follow some more persdnal questions so0 that
comparisons can be made between different family groups

30.

31.

32.

33

35.

and age structures.

In which category are you?

1. 18-2l (years) b, 45-54
2. 25=-34 5. 55=-64
3. 35-4k4 6. 65 and over

How many pecple live in this building? Total:
1. Family groups
2. Adults
3. Children
Is this building =
1. Owned
2. Rented (Council ?)

How long have you lived in this building?

What is or was the occupation of the Head of
Household? ‘

1. Self employed 5. Clerical worker
2. Semi-skilled manual- 6. Manager

3. Skilled :manual. 7. Professional

Lk, Commercial traveller - 8. Armed forces

When did you (the Head of Household) finish full
time education? At:

1. 15 years or under k, 21-22 years
2. 16 years . 5. Other (specify)
3. 18 years ' '

VARIABLE
64

65-68

69
70

71

72

Note: The following questions are of a more general nature for
which there are no correct answers- it is your opinion

that is required.

36. How would you feel about each of the following

possible schemes for Appleby/Carlisle?
Please state - 1, Strongly favour

2. Favour somewhat

%. Oppose somewhat

L, Strongly oppose



(i) Build upstream reservoirs which could be used
to retain excess water when flooding threatened.

(ii) Construction of more and larger embankments
along the rivers in Appleby.

(iii) Deepen and widen the rivers through Appleby

(iv) Preserve everything as it is and leave the
rivers alone.
(v) Allow industrial development (more jobs and

money) even if this aggravated the flooding
situation. (Deleted because of confusion).

(vi) To pay for flood protection everybody should
pay more in taxes - not just those at risk
from flooding.

(vii) The people who live in the flood prone areas
should pay for their own protection.

(viii) The government should provide a grant or
loan for people to protect themselves from

flooding.

(ix) The government should give financial support
for the rehousing of flood plain residents to

safer areas.
37, Do you believe there is anything the individual can
do to overcome the problem of flooding?
(Specify)
38. Do you believe there is snything fhe.government can
do to overcome the problem of flooding?
(Specify)

39, Finally, could You estimate the cost of damage of -

(i) 6 inches of water in this building with no
warning.

(ii) 6 inches of water in thls bulldlng with 6
hours warning.

(iii) 4 feet of water in this building with no
warning.

(iv) & feet of water in this building with 6
hours warning. -

VARIABLE

73

74

75
76

78

79
80

81

82

83

84-87
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QUESTIONNAIRE ~ COMMERCIAL PROPERTIES

NOTE VARIABLE NUMBER
(i) Name of business 1
(ii) Location of business = Area : . 2

Street 2 (i)
QUESTION

1. What do you consider the advantages of this site
for your business?

2. What do you consider the disadvantages of this site
for your business?

OO \n$FW

3, Has there been any flooding in this area since you
have been located here? A , 9

(if no go to question 11)

4, Have these premises ever been flooded? ' 10
S. How many times have thé premises been flooded? 11
6. What was the depth of water in 19687 12
7. How long were the premises flooded in 19682 13

8. Approximately how much did the 1968 flood cost you? 14

9. What action did you undertake during the 1968 floo0d? 15

16
17
10, Did you receive a warning of the flood in 19682 18
(if eo, how much warning?) 19
41, Are you insured against flooding: - 20

When did you take out this insurance . 21



¥ARIABLE NUMBER 6Tt

12. How did you first find out about flooding in this

area? 22
1. Real estate agents 5. Radio or television
2. Neighbouring firms 6. Surveyors
3. Personal inspection 7. Other sources
4, Did not know until
flooded
13. Does this knowledge of the flood risk worry you? 23

14, Did the business know of the flood problem when
locating here? 24

15. Based on what you know now would the firm still
locate here - given the same choice? _ 25

16. Would the firm leave this area if flooding
became more serious? 26

17. Is any part of the premises modified or designed
to keep out flood waters? 27

18. Do you think these premises will be flooded in the
next twenty-five years? 28

19. Do you think the risk from flooding in Carlisle/
Appledby is:
1. Increasing 3. No change 29
2. Decreasing Lk, Do not know

Reasons for a perceived decrease in the risk

1. Changes in climate 5. Building river banks
2. Motorway construction and walls. 30
6. Reservoir management 31

3. Town building

4, Cleaning rivers 7. Other )
20. Do you think enough has been done to profect you? 32
(In Appleby has anything been done to protect you?)
21. Are public flood warnings given in this area? 33
If s0 are these warnings reliable? 34

22. If you were given six hours warning of a flood
what would you do?

1. Do nothing 4, Employ temporary 35
2. Keep watch on the measures such as 36
Lt rivers sandbags. :

3. Consult others for a
second opinion

5. Remove valuables to a
higher level

6. Other



23.

2k,

25.
26.

27.
28.

29.

30.

VARIABLE NUMBER

Do you have any set procedure to follow -in

the event of an emergency? 37
What is the most reliable source. of information

on flooding in Carlisle/Appleby. 38
1. Council 4, River Authority

2. Police S. Own judgement

3, Local radio, television 6. Other

What type of business is this? 39

(Classify into = i) Manufacturing and construction
ii). Wholesale
iii) Retail
iv) Service

How long has the business been located here? 4o
How long have you been employed by the business 41
at this site?

What is your position with the business? 42
How many people does the business employ at this

gite? : 43
Does the firm conduct business at any other site? Ly

The following are opinion type questions for which
there is no right or wrong answer. Please state
whether you:

1. Strongly favour L. Strongly object
2. favour somewhat S5« Do not know
3. object somewhat
What is your opinion on:
(a) Building upstream surface reservoirs which could
be used to retain excess water when flooding

threatened? . 45

(b) Construction of more and larger embankments
along the rivers? } 46

(¢) Deepen and widen the rivers through Carlisle/
Appleby? 47
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VARIABLE NUMBER 673

(@) Preserve everything as it is and leave the
rivers alone? 48

(e) To pay for flood protection everyone should pay
more taxes - the Local Authority should be
responsible? 49

(f) To pay for flood protection - those aﬁ risk
should pay? 50

(g) The government should pay a grant or loan to
those industries at risk to protect themselves? 51

(h) The gévernment should give financial support
for the relocation of industries in flood prone

areas? 52

31, Finally could you estimate the cost of damage from:

1. 6 inches of water in this building with n
warning? - 53

2. 6 inches of water in this building with six
hours warning? : 54

3. 4 feet of water in this building with no
warning? 55

b, 4 feet of water in this building with six
hours warning? 56
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Sites of reported flooding in Cumbria since 1809. Most of these

have experienced more than one flood, and the majority were flooded

in 1968.

(1) The River Eden Catchment Area:

RIVER EDEN:

. RIVER IRTHING:

Rockcliffe
Kirkandrews
Grinsdale
Carlisle.
Rickerby
Linstock

Park Broom
Crosby

Newby East
Uafwick Holme
Eden Holme
Warwick Bridge
Warwick Hall

Wetheral

Eden Holme
Green Holme
Rule Holme Bridge

Lannercost Priory

Corby Castle
Armathwaite
Lazonby

Great Salkeld

Langwathby

"Eden Hall

Temple Sowerby
Bolton

Appleby

Warcop
Muegrave
Beckfoot

Kirkby Stephen -

Gisland

Brampton

Aglionby



RIVER GELT:

RAVENSBECK:
MILBURN BECK:
TROUT BECK:

S ————————

RIVER CALDEW:

RIVER PETTERIL:

RIVER EAMONT:

Talkin

Kirkoswald

Milburn

Kirkby Thore

Dalston
Hawksdale Bridge

Sebergham

Caldbeck

Carleton
Plumpton Walls
Plumpton Head

Newton Reigny

Udford

Carleton

Brougham Castle Mill
Eamont Bridge

Kirkbarrow

675

Long Marton

Hesket~New-Market

Millhouse

Haltcliffe Bridge

Laithes
Little Blencow
Greystoke

Penrith

Pooley Bridge
Howtown
Waternook
Grisedale Bridge

Patterdale
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RIVER LOWTHER:

Bampton
RIVER LYVENNETT:

Moreland Maulds Meaburn
RIVER LEITH:

Cliburn Shap

Thrimby Grange

HOFF BECK:

Hoff Draybeck

SWINDAL BECK:
Church Brough Spurrig End Farm
Brough

(2) The Wampool Drainage Area:

RIVER WAMPOOL:
- Kirkbride _ Gamblesby

RIVER WIZA:
Wigton Red Dial
RIVER WAVER:
Lessonhall Abbeytown
CROOKHURST BECK:
Allonby ’
" RIVER ELLEN:
Maryport Blennerhasset
Aspatria Bothel

Silloth



(3) The Derwent~Cocker Catchment Area:

RIVER DERWENT:

DASH BECK:

RIVER GRETA:

ST, JOHNS BECK:

STONETHWAITE BECK:

RIVER MARRON:

RIVER COCKER:

| NEWLANDS BECK:

Workington
Cammerton
Broughton
Coékermouth
Isel Village

Portinscale

Bassenthwaite

Keswick

Crosthwaite

Thirlemere

Rosthwaite

Dearham

Scalehill

Kirkhead

Newlands

677

Grange
Borrowdale
Seatoller
Mountain View

Seathwaite

- Briery

Threkeld

Stonethwaite
Lou Lorton

Loweswater

Crabtree

Powbeck



COLEDALE BECK:

Braithwaite

(4) The Ehen Catchment Area:

RIVER EHEN:

Braystones

Egremont
RIVER CALDER:

Calderbridge
COASTAL:

Workington

(5) The Duddon Catchment Area:

RIVER IRT:

Holmrook

RIVER ESK:
Beckfoot

(6) The Leven Catchment Area:

RIVER CRAKE:

Lowick Bridge
RIVER LEVEN:

Newby Bridge
TROUTBECK : |
Troutbeck Bridge

'RIVER ROTHAY:

Ambleside

Cleator

‘Boot

Windemere

Grasmere
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RIVER BRATHAY:

Clappersgate

Elterwater

RIVER YEWDALE:

Coniston

(7) The Kent Catchment Area:

RIVER KENT:
Kendal

Burneside

Laithwaite
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Great Langdale farms

Stavely

Kentmere



APPENDIX IV

Theoretical calculations of the flood

problems at Carlisle and Appleby.

This method was proposed by the Flood Studies Report using
data from various maps. The technique was applicable primarily
to catchments of less than 500 kma, and to events of less than
twice the mean annual flood. Thus, caﬁtion should be given to the
Carlisle results and the greater return periods calculated at the
end of this appendix. Nevertheless, this technigue illustrated
the value of such computations in ungauged catchments. This method

was applied to catchments based on Appleby and Carlisle.

1. Stream frequency (STMFRQ)

The number of matural stréam junctions was counted upstream on the
1:25,000 map including the starting point as a junction. Junctions
which did not appear on the map, such as those in urban areas and

lakes, were also included.

Appleby Carlisle
Number of Junctions 843 3665
Area of catchment (kn) 338,5 2285.25
STMFRQ / Area ( junctions/kma) 2.49 1.6038

These figures compared to estimates of various areas in the Flood
Studies Report (Volume 1,302) of between 2 and 4 in the Appleby

area and 1 and 2 in Carlisle,
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2. Stream Length (L)

This measurement was taken on the main channel (defined as the

longest stream) using dividers set at 4 mm (0.1 km).

Appleby’ Carlisle
Number of steps 407 1128
Length of channel (km) 40.7 112.8

3, Slope (SLOPE)

The points 10% and 85% along the main channel were marked off and
the height above sea level interpolated. The slope factor was then

equal to difference in height
Number of steps in stream length X &.o6k

(the latter figure represents a conversion factor).

Appleby Carlisle

Height 85% (feet) 1020 665
Height ~10% (feet) 430 51
Difference (feet) | 590 614

. SLOPE (m/km) ' 5.89 2.2121

Thesé figures were also comparable to other estimates (Volume 1,299)

"4, Areas draining through lakes and built up areas

Only lakes greatef than 1% of the catchment area were included. The
areas draining through each lake were summed then divided by the
total catchment area. 1:250,000 scale maps were used for this.
Urban areas were calculated from the grey. areas on the 1:63360

scale maps, and the total divided by the catchment area.

Appledby Carlisle
Urban factor _ 0 0.0079

Lake factor 0 0.0718
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5. Soil Index (SOIL)

The flood studies report identified five classes of so0il with
differing runoff potentials. The areas'for each class were determined
from the soil map (Volume V, figure 1.4.18) and the 1:625,000 scale
map of the catchments. (The areas were obtaine& by counting the
squares on 1/10 th inch graph paper). The areas were multiplied

by a constant for the particular soil type, and the total dividedﬁ

by the number of squares to give the soil index.

" Appleby

Soil type Number of squares constant total
1 56 0.15 8.4
2 0 0.30 o
3 0 - 0.40 0
4 17 0.45 ?7.65
5 5k 0.50 27.0
unclassified | _
127 ' 43,05
Soil Index = &%sgﬁ = 0.339
Carlisle /
S0il type Number of squares cénstant total
1 286 0.15 k2.9
2 C2 0.30 - 0.6
3 28' - 0.40 1.2
4 ) 224 0.45 100.8
5 369 0.50 184.5
909 340

Soil Index = 340 - _
50 = 0.37%



6. Standard Average Annual Rainfall (SAAR)

The SAAR was obtained by grid sampling the rainfall map (Volume V,

figure 11.3.1) and calculating the arithmetic mean.

Appleby 1188 mm

Carlisle 1221.15 mm

7. Rainfall minus the Soil Moisture Deficit (RSMD)

This calculation was based on different rainfall events with a five
year return period (M5) and the effective soil moisture deficit. 1In

all cases, catchment average values were taken as in 6.

To calculate RSMD:

(i) Compute ratio ‘'r' between M5-60 win and M5-2 day rainfall
(Volume V, figure 11.3.5)

(ii) Estimate M5-24 hour/M5-2 day ratio in terms of (i) from
table 11.3.10 (Volume II, 32). |

(4ii) dalculate M5-2day rainfall (Volume V, figure 11.3.2).

(iv) Calculate M5-24 hour rainfali by multiplying (ii) and
(iii).

(v)  Conmvert M5-24 hour rainfall to M5-1 day by dividing by
1.11 (figure obtained from table 11.3.1., Volume II, 21).

(vi) Obtain the areal reduction factor (ARF) (Volume II, figure
11.5.1).

(vii) Calculate soil moisture deficit from map (Volume V,‘figure
1.4.19). '

(viii) Multiply M5-1 day by ARF and subtract SMD from the total

to obtain RSMD,

N RSMD = M5-1 day X ARF - SMD



(i) M5-60 min/M5-2 day
(ii) M5-24 hour/M5-2 day
(iii) M5-2 day (mm)

(iv) M5~24 hour (mm)
(v) M5-1 day (mm)

(vi) ARF

(vii) sMD (am)

(viii) RSMD (mm)

8. Calculation of the mean annual flood

Appleby Carlisle
27.14 26.82
83% 83%
70.68 67.49
58.66 56.01
52.85 50.46
0.925 0.875
4.0 3.137
44,89 k1,02
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(@) from catchment characteristics

Q = AREA 0°9* smurrg ©+27 sorn +23 rsup 1+0% (LaxE + 1)

SLOPE 0.16 (Region Constant).

-0.85

This formula was obtained from Beran (1975).

Appleby

_ Value log
AREA . 338.5 2.5296
STMFRQ 2.49 0.3962
S0IL ©0.339  -0.4698
RSMD ' 44,89 1.6522
LAKE + 1 |

_SLOPE ' 5.89 0.7701
Region Consgant 0.0213 . =1.6716

Mean annual flood

Constant Total
0.9k 2.3778
0.27 0.1070
1.23 ~0.5779
1.03 1.7018
0.16 0.1232
1.0 -1.6716

.  2,0603
= 114.9 m3/s



Carlisle

Value }og Constant Total

AREA 2285.25 3.3589 0.9k 3.1574
STMFRQ 1.6038 0.2051 0.27 0.0554
SOIL 0.374 «0.4271 1.23 ~0.5253
RSMD 41,0185 1.6130 1.03 1.6614
LAKE + 1 1.0718 0.0302 -0.85 ~0.0257
SLOPE 2.2121  0.3448 0.16 0.0552
Region Constant 0.0213 j-1.6716 1.0 éﬁ.6716
| | 2.7068

Mean annual flood = 509.1 m3/sec

9, Return Periods

Further constants were derived to calculaté the peak discharge of
floods of different return periods (Beran, 1975). However, the
error was shown to increase significantly with the less frequeni
events (Flood Studies Report, 1975, Volumé 1 456). This was clear
from the Carlisle data where the estimate flows for the 100 year

flood were still less than the calculated flows for the 1968 event

(chapter five).

:onstant for Ret?rn Apgleby Caglisle

ydrometric area 76 Period (years) n’/s n’/s
0.93 2 106.9 437.5
1.19 . 5 136.7 605.8
1.38 10 - 158.6 702.6
1.64 - 188.4 834.9
1.85 | 50 212.6  941.8

2.08 100 239.0 | 1058.9



APPENDIX V

CUMBERLAND RIVER AUTHORITY EDEN FLOOD WARNING SCHEME

OPERATIONAL SEQUENCE

1.

2.

3.

5.

6e

Warning received from Meteorological Office, Preston of
possible heavy rain expected over the Eden catchment area.
Warning by telephone received from Automatic Interrogation/
Warning rain gauges situated a£ (a) Castlethwaite (Kirkby
Stephen), (b) Barras old Railway: Station, (c) Scalebeck Farm
(Great Asby), when a pre-determined quantity has fallen.

Rain gauges interrogated at regular intervals to track progress
and intensity of storm.

River level alarm raising equipment, situated in the gauging
station at Kirkby Stephen, will give first and second warnings.
These levels have been based on information given by the police
and conform to the visqal levels at which they have notified
Applebj in the past. This equipment telephones automaticﬁlly
to the C.R.A. or, out of office hours, to ?olice Control at
Penrith.

River level interrogation and alarm raising facilities have
been installed at Appleby which enables continuous monitoring
of the river level at Appleby. The alarm facility is a safety
measure and wiil provide advance information of possible down-
stream tlc.aoding . .

Similar equipment to (5) is installed at Armathwaite to provide
additional warning/data for Cérlisle. This station records the
combined flow from the Eden, Eamont and the major Pennine
tributaries, and provides a good indication of the magnitude

of flooding to be expected in Carlisle City.



7.

687
River level interr§gation only equipment is installed at
Warwick Bridge, on the Eden, Greenholme on the Irthing and
Holm Hill (Dalston) on the Caldew. - This enables monitoring

of the flow into Carlisle,

Operation of a proposed flood warning scheme for Appleby

1.

Obtain rainfall readings on an hourly basis from the
commencement of the event,

Calculate the weighted mean hourly total for the catchment
using the data from (1).

Calculate the ‘residual quantity! for each hour and update

this figure as each batch of hourly readings is received.

When the 'residual quantity' reaches a specified threshold

value, it would give a reasonable indication of possible

flooding with a warning time of two to three hours.
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