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Figures from Chapter 7
Developing new spatial models for urban planning: how do we know where urban
ecosystem services are required?



Figure 7.1 Overall structure of the flood control model
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Figure 7.2 Flood control model Step 1, Tasks 1.1 and 1.2 — example model output

Swnmary details of example

N output
t Model | Flood control
Step 1
Step [s the catchment
title subject to significant
/ flood risk?
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- Z "“'":;“""l _ —, Note: Figure also available
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Tolleross
Burn

Catchment area nf Mr
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Notes: This example flood control model above shows the hydrology and fluvial flood extent of the
Tollcross Burn catchment.




Figure 7.3 Flood control model Step 3 — example model output
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Summary details of
example output

Model | Flood
control

Step 3
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openspace
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floodplain?

Task N/A

Note: Figure also
available within
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ROM.

(the pale vellow polygon) and areas of floodplain openspace (green polygons).

Notes: This example flood control model output shows the modelled floodplain for the Tolleross Burn




Figure 7.4 Flood control model Step 4, Task 4.1 — example model output
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Notes: This example flood control model output shows floodplain openspace and the approximate
location of culvert pressures (black lines) and realignment pressures (bright green lines).




Figure 7.5 Flood control model Step 4, Task 4.2 — example model output
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Step -
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Task 4.2

Note: Figure also available
within standalone CD-ROM.

Notes: This example flood control model output shows the location of a specific culverted reach of the
watercourse under investigation relative to 1860s base mapping. Note that the 1860s base mapping shows the

historic route of the watercourse including detail of a significant meander to the north that has been straightened
out by the modern culvert.




Figure 7.6 Flood control model Step 4, Task 4.3 — example model output
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Notes: This example flood control model output indicates potential restoration constraints were the
watercourse to be restored to its original route i.e. reinstating the sizeable meander to the north. Under
this restoration scenario. key constraints are housing and roads infrastructure.




Figure 7.7 Flood control model Step 5, Task 5.2 habitat patches and habitat networks in the floodplain — example

model output
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output
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Step 5

Step Is there potential for

title significant areas of
floodplain
woedland and
wetland?

Task 5.2
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catchment.

Notes: This example flood control model output shows the extent and distribution of existing floodplain
woodland habitat patches (yellow polygons) and habitat networks (green polygons) within the Tolleross Burn




Figure 7.8 Flood control model Step 5, Task 5.2 floodplain woodland opportunity areas — example model output

Summary details of
N example output

I Model | Flood
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Note: Figure also
available within
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Notes: Further information on the biodiversity opportunities data is available at section 2.4 .2 In
summary however, darker green areas indicate land with greater ecological potential to support the
establishment of broadleaved woodland habitat. The biodiversity opportunities model developed by
Forest Research (Smith et al. 2008 ) underpinning this data considers a range of parameters including
existing land use/land cover and the ecological connectivity afforded by existing habitat patches.




Figure 7.9 Flood control model Step 6, Task 6.1 — example model output
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Notes: This example output shows floodplain openspace sites that have been selected for further
analysis due to their size (ha), existing land use and existing hydrological connection to the study
watercourse. Sites where the watercourse is subject to a morphology pressure are considered ‘high
cost” as some degree of river restoration activity is likely to be required. Sites without morphology
pressures are considered “low cost’ as key NFM measures (e g floodplain woodland) can be
progressed without the need for any river restoration activity.




Figure 7.10 Flood control model Step 6, Task 6.2 — example model output
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This example output illustrates the use of combined flood control model outputs from Steps 3-5 to
identify potential NFM opportunities for scoped in floodplain openspace sites from Task 6.1. The very
light green polygons are floodplain openspace sites, the red polygons are areas that may be available
for floodplain reinstatement following river restoration, the vellow and green polygons are woodland
habitat patches/networks and the dark/pale blue polygons are wetland habitat patches/networks.




Figure 7.11 Flood control model Step 6, Task 6.4 — example multi criteria analysis (MCA): low cost site/weighting
scenario 1
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Figure 7.12 Flood control model Step 6, Task 6.4 — example multi criteria analysis (MCA): low cost site/weighting
scenario 2
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Figure 7.13 Flood control model Step 7, Task 7.1 — example model output
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Note: Figure also
available within
standalone CD-ROM.

steepest sections of the proposed floodplain within this NFM opportunity area.

Notes: The figure above shows Sandyhills Park — NFM opportunity area No.2 from Step 6. Itisa
*high cost’ site. The pink lines are topographical contours at 0.5mintervals. The blue line is the
proposed route for restoring the watercourse (as identified at Step 4) which is culverted along this
stretch. The black lines indicate the locations of proposed floodplain gradient test sites —i.e. the two




Figure 7.14 Flood control model Step 8, Task 8.3 — example model output

Summary details of
example output
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control

Step 8

Step Scenario

title development
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Note: Figure also
available within
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earthworks denoted with the number *2° are desirable but non-essential.

Notes: The figure above details locations at NFM opportunity area No.2 (Sandyhills Park) where
earthworks may be required to realise a desired floodplain profile. Proposed earthworks denoted with
the number “1° are likely to be essential due to floodplain gradients at these locations. Proposed




Figure 7.15 Flood control model Step 8, Task 8.6 — typical model output

Summary details of example output
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Notes: The proposals on Figure 515 have been informed by the strategies for individual NFM
measures detailed above in section 5.1 8. The broad locations for major and minor earthworks and the
proposed floodplain scrape have been informed by the outline geomorphology and land engineering
strategy plan (see Figure 5.14 and Appendix 4). The proposals for floodplain woodland management
and establishment have been informed by the floodplain woodland enhancement strategy plan (see
Appendix 4). Figure also available within standalone CD-ROM.




Figure 7.16 Overall structure of the hydrological cycle model
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Figure 7.17 Hydrological cycle model — Stage 1 geoprocessing operations (Steps 1 — 8)

Hydrological cycle model - where are runoff reduction services required?
ArcGIS based modelling_Stage 1: slope analysis

Study

Simplify line

Step 1
Step 3
Topo to raster | Step 4
Step 7 Step 6 Step 5
I;:::;rai;n Raclassify Blope_raster Elope DEM_rastar

Summary explanation of geoprocessing tools

[ Buffer: creates buffer polygons around input features to a specified distance ]

[ Clip: extracts input features that overlay the clip features l

Simplify line: simplifies lines by removing extraneous bends while preserving essential
shape

Topa to raster: interpolates a hydrologically correct raster surface from point, line and
polygon data

Slope: identifies the slope (gradient, or rate of maximum change in zvalue) from each
cell of a raster surface

Reclassify: reclassifies (or changes) the values in a raster

Raster to polygon: converts a raster dataset to polygon features

Belect: extracts features from an input feature class or input faature layer, typically
using a select or Structured Query Language (8QL) expression and stores them in an

output feature class




Figure 7.18 Hydrological cycle model Steps 2 and 3 — example outputs
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Step 2 Step 3
Step title | Clip the topographical contour Step title | Simplify the topographical contour
dataset to the study area dataset

Notes: The example output shows a LiDAR
topographical contours dataset at Sm intervals
(the pink lines) clipped to the study area. In this
example, the study area is defined on the basis of
an administrative boundary — the Castlemilk
Regeneration Area in southeast Glasgow. For
large study areas, it may be necessary to stitch
several topographical contour datasets together.

Notes: The example output shows the LiIDAR
topographical contours dataset from Step 2 (see
opposite) after a simplify line operation has been
undertaken. Simplify line removes extraneous
bends whilst maintaining the essential shape. The
intention is to reduce the granularity of the
dataset to ensure that subsequent steps of the
slope analysis are manageable, even with limited
computer processing power.




Figure 7.19 Hydrological cycle model Steps 4 and 5 — example outputs

Model Hydrological cycle model Model Hyvdrological cycle model

Step 4 Step 5

Step title | Construet Digital Elevation Model Step title | Construct slope raster
(DEM) raster

Notes: The DEM raster is the starting point for
all subsequent slope analysis steps and is
constructed using the ArcGIS topo to raster!
operation based on the simplified LIDAR
topographical contours dataset from step 3.
Within the DEM raster surface shown above.
individual cells represent elevation — lighter cells
represent higher elevations and darker cells lower
elevations.

Notes: The slope raster is constructed from the
DEM raster. Slope is calculated in the GIS by
analysingthe rate of change in elevation between
cells in the DEM raster surface (see opposite).
Where the rate of change is great. slope is steep
and vice versa. The figure above shows the slope
raster for the Castlemilk case study area — darker
cells indicate steeply sloped areas and lighter
cells represent flat/gently sloped areas.




Figure 7.20 Hydrological cycle model Steps 6 and 7 — example outputs

slope classes

Model Hydrological cycle model Model Hydrological cycle model
Step 6 Step 7
Step title | Reclassify slope raster to discrete Step title | Convert the reclassified slope raster

to vector format

Notes: The figure above shows the reclassified
slope raster for the Castlemilk case study area.
Red cells indicate steep slopes. yellow medium
slopes and green cells gentle slopes.

Notes: Step 7 converts the reclassified slope
raster into vector format. Groups of cells sharing
the same slope class attribute become polygons
in the vector dataset.




Figure 7.21 Hydrological cycle model Step 8 — example outputs
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Model Hydrological cyele model Model Hydrological eyele model

Step 8 Step 8

Step title | Identify and extract steep, medium Step title | Identify and extract steep, medinm
and gentle slope polygons from the and gentle slope polygons from the
vector dataset vector dataset

Note: The figure above shows polygons from the
slope vector dataset indicating areas of steeply
sloped land (i.e. slope classes 7. 8 and 9 from the
raster dataset). Where these areas of steeply
sloped land are located within the immediate
catchment of a natural or artificial drainage
feature they may represent an opportunity for
land use/management intervention to enhance
runoff reduction ecosystem services.

Note: The figure above shows polygons from the
slope vector dataset indicating areas of medium
sloped land (i.e. slope classes 4, 5 and 6 from the
raster dataset). Where these areas of medium
sloped land are located within the immediate
catchment of a natural or artificial drainage
feature they may represent an opportunity for
land use/management intervention to enhance
runoff reduction ecosystem services.




Figure 7.22 Hydrological cycle model — Stage 2 geoprocessing operations (Steps 9 — 15)

Hydrological cycle model - where are runoff reduction services required?
ArcGIS based modelling_Stage 2: analysis of natural and artificial catchments
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Clip ‘Waterbodies_clip Select

Waterbodies

surface select Buffer

Waterbodies

Summary explanation of geoprocessing tools

[ Buffer: creates buffer polygons around input features to a specified distance }

[ Clip: extracts input features that overlay the clip features

Select: extracts features from an input feature class or input feature layer, typically
using a select or Structured Query Language (SQL) expression and stores them in an
output feature class

Watarbodies_
surface buffer

Step 12



Figure 7.23 Hydrological cycle model Steps 10 and 11 — example outputs

Model Hydrological cyele model Model Hydrological cyele model

Step 10 Step 11

Step title | Identify and extract impermeable Step title | Identify and extract large
ground polygons only from OSMM impermeable ground polygons only
topography layer from OSMM topography layer

Note: Extracted from the OSMM topography
layer, the figure above shows all OSMM
polygons that are likely to comprise impermeable
ground (black polygons). Polygons are identified
and extracted on the basis of specific
DESCGROUP attributes.

Note: Extracted from impermeable ground
OSMM polygons from Step 10, the figure above
shows ‘large’ impermeable ground polygons
only (black polygons). In the example above,
‘large’ polygons are construed as those
=1,000m?. The parameter used to define *large’
in the select operation is a key part of the model
where sensitivity analysis can be undertaken to
explore different outcomes overall.




Figure 7.24 Hydrological cycle model Steps 12 and 15 — example outputs
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Model Hydrological cyele model Model Hydrological cvele model

Step 12 Step 15

Step title | Buffer large areas of impermeable Step title | Buffer surface waterbodies to
ground to identify the immediate identify the immediate catchment
catchment area of artificial drainage area of natural drainage features
features

Note: The figure above shows large areas of
impermeable ground from Step 11 buffered to
30m (green polygons). For the purposes of the
hydrological cyele model, these areas are
construed as the immediate catchment areas of
artificial drainage features and may be prime
candidates for intervention that enhances runoff
reduction ecosystem services. The distance
parameter used in the buffer operation is a key
part of the model where sensitivity analysis can
be undertaken to explore different outcomes.

Note: The figure above shows surface
waterbodies from Step 14 (see Figure 7.22)
buffered to 75m (purple polygons). For the
purposes of the hydrological eycle model, these
areas are construed as the immediate catchment
areas of natural drainage features and may be
prime candidates for intervention that enhances
runoffreduction ecosystem services. The
distance parameter used in the buffer operation is
a key part of the model where sensitivity analysis
can be undertaken to explore different outcomes.




Figure 7.25 Hydrological cycle model — Stage 3 geoprocessing operations (Steps 16 — 21)

Hydrological cycle model - where are runoff reduction services required?
ArcGIS based modelling_Stage 3: integration of slope and catchment analysis outputs
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Summary explanation of geoprocessing toals

Intersect: computes a geometric inlersection of the input features. Features or portions
of features which overlap in all layers andfor feature classes will be written to the
output feature class




Figure 7.26 Hydrological cycle model Stage 1 (Step 8) and Stage 3 (step 19) — example outputs
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Figure 7.27 Hydrological cycle model Stage 1 (Step 8) and Stage 3 (step 17) — example outputs

TR ﬁ’—‘l//,.-*"ﬂ" K

bl T
=
= T S &+
/ . /
""1 — ——

Model Hvdrological cvele model Model Hvdrological cvele model

Step 3 Step 17

Steptitle | Identifv and extract steep, medium Steptile | Identifv where areas of medium

and gentle slope polvgons from the
vector dataset

sloped land falls within the
immediate catchment area of
natural drainage features

Note: The figure above shows polvgons from the
slope vector dataset indicating areas of medium
sloped land (i.e. slope classes 4, 5 and & from the
raster dataset).

Note: The figure above shows the results of
intersecting areas of medium sloped land (Step §
output polvgons — see figure opposite) with the
immediate catchment area of natural drainage
features (Step 13 output polvgons — see Figure
7.24). The blue polvgons on the map above
therefore show where areas of medium sloped
land falls within the catchment of natural
drainage features — note how there are fewer biue
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Figure 7.28 Overall structure of the habitat network model
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Figure 7.29 Habitat network model — Stage 1 geoprocessing operations

Habitat network model - where are ecological connectivity services required?
ArcGIS based modelling Stage 1: data preparation and analysis of ecological potential
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Summary explanation of
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typically using a select or Structured
Query Language (SQL) expression and
Step1 Grassland_LD_

(Grassland

nafwork_LD_0.2km
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network HD 2em

Wetland
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network_clip

Wetland HD_2kwm
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stores them in an output feature class




Figure 7.30 Habitat network model Stage 1 (Step 2) — example outputs

- e
Model Habitat network model Model Habitat network model
Step 2 Step 2
Step title | Clip habitat patches and habitat Step title | Clip opportunities {ecological

network data to the buffered study
area polvgon

potentialto support habitat
establishment) data to the buffered
study area polvgon

Note: The Figure above shows umimproved
neutral grassland patches (brown polygons),

low 0. 3km dispersal habitat network (dark
orange polygons) and high 2km disperzal habitat
netwoik (pale orange polvgons) data chpped to
the study area. MNote how the spatial delineation
ofthe habitat networksis not unifonm, reflecting
vanationin the permeability resistance of the
swrounding matrix as a result of vadationin land
use {zee zection 3.2.2 for finther mfonmation).

Note: The Figure above shows the grazsland
opportunities data clippedto the study area.
Darker orange polyvgons mdicate land with a
higher 2cological potentialto support habitat
establishment. One kev parameter consideredin
Forest Fesearch’s biodiversity opporturnities data
(see section 2.4.2) 15 the potential for habitat
creation 'recreationto contribute to increassd
ecological connectivity. The influence ofthis
parameteris readily apparentinthe examples
showmn above as areasofhigher ecological
potential for razsland establishument (dark
orange polyvgons) are clustered around areaz of
existing habitat (seeleft-hand Figure). In effect,
these are prime areas where habitat management
and creation could help to consolidate existing
networks and improve functional connectivity.

The locationindicated by the red star on both Figures iz a case in point — habitat creation at this
location could enhance the functional connectivity ofthe low dispersal network (dark orange
polvgons on the left-hand Figure) thersby increaszing the area of contignous network and providing
functional connections between the three discrete habitat patches (brown polygons) shown within the
black dashed circle. This conceptis explained finther atsection 7.4.2.




Figure 7.31 Habitat network model Stage 1 (step 3) — example output

Summary details of example output

v Model Habitat network model

| _ e . (| /iyl Step 3

Steptitle | Identifvland where ecological
potential to support habitat
establishment is high

Note: The Figure tothe left shows land in the
studv area where ecological potential to support
grassland habitat establishment is high (brown
polvgons). This has been extracted from the
overall grassland opportunities dataset shown at
Figure 7 30 (right-hand map) using an SQL
based select operation in the GIS.




Figure 7.32 Habitat network model — Stage 2 geoprocessing operations

Habitat network model - where are ecological connectivity services required?
ArcGIS based modelling Stage 2: identify prime sites for habitat establishment

Grassland LD
0.3km_network chip

Summary explanation of
geoprocessing tools

(rassland_oppe_high_and LD_

Intersect 0. 8kes_notwork_intersect

Interssct: computes a geomelric interssclion of the
Grassland_opps S input features. Features or portions of features

Tin Fool high Step 4 which overlap in all layers andfor feature classes
S will be written to the output feature class

Grassland_opps_high_and HD

L 2Zkm_petwork_intersect ’
FErassland _HD_
e network_elip Step 4
network_clip
Wetand_oppe high and LD
Intersect 0.15km_pstwork_intersect
Wetland_opps_ Step 4
el ip_E col_ha gh
. Wetand_oppe_high and_HD_
Intersect 2km_network_intersect
Wetland_HD_2km
natwork_clip Step 4
Woodand_ LI
0.5km_network_clip
Woodand_oppe_high_and LD_
Intersect 0.6k network_intersect
Woodland_opps_
clip_Ecol_high Step4
Woodand oppe high_and HD
Intersect 2km_petwork_intersect
Woodland_HID

2k _network, clip

Step 4




Figure 7.33 Habitat network model Stage 1 (Step 2) and Stage 2 (step 4) — example outputs

.'"'" - B - —
-~ &
wd wdl
] g 1 ak.
Model Habitat network model MModel Habitat network model
Step 2 Step 4
Step title | Clip habitat patches and habitat Step title | Intersecthigh ecological potential
network data to the buffered studv polvgons with existing habitat
area polvgon network polvgons

Note: The step 2 output from Figure 7.30 has
been included here for comparison. The Figure
above shows unimproved neutral grassland
patches (brown polvgons), low/0.3lan dispersal
habitatnetwork (dark orange polvgons) and
high /2km dispersal habitat network (pale orange

Note: The Figure above shows the output (pale
pink polvgons) of intersecting land with high
ecological potential to support grassland habitat
establishment and existing high dispersal
grassland habitat nerworks. The brown polvgons
show existing grassland habitat patches.

polvgons) data clipped to the studv area.

Theintersect operation showshowthe area ofhigh ecological potential land is smaller than the area
of land encompassed bv existing high dispersal hahitat networks (see lefi-hand Figure) —i.e. although
the nature of the matrix within the high dispersal network mavbe such thatit can facilitate species
movements, some of the land within this areahas lower ecological potential for habitat establishment
This is illustrated bv the area ofland within the black dashed rectangle — on thelefit-hand Figure this
land falls within the high dispersal network however on the right-hand Figure this area oflandis not
featured. In effect, thenature ofthe existing landcover at this site is such that the land has more
limited potential to support grassland habitat establishment. Interestinglv, the area indicated bvthe
red star shown onthe left-hand Figure (see Figure 7.30 also) remains as a kev opportunity area on the
right-hand Figure wherebv habitat related land use management action could be delivered to improve
functional connectivity (including within low dispersal networks).




Figures from Chapter 8
Integrating spatial models: how do we know where multiple urban ecosystem services are
required?



Figure 8.1 Overall structure of the new guiding principles and technical guidance for ecosystems approach based

urban land use planning

CBD ecosystems
approach principle

New sub- New sub- New sub- New sub-
principle 1 principle 2 principle 3 principle 4

Methods/approach to
supporttranslation of
principles

New spatial models

Overarching guidance

Technical guidance

Existing — taken verbatim
from the CBD ecosystems
approach principles (CBD
Secretariat, 2013a): see
Table 3.8

New — identified through
the evidence assessment
under Research Objective
Nos. 2 and 3: see Box 1.2
and Chapters 3, 4, 5 and 6

New — developed through
the research under
Research Objective No.4:
see Box 1.2 and Chapter 7



Figure 8.2 Integrating individual spatial model outputs to identify priority areas for multifunctional land use —
schematic representation of GIS overlay process
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Figure 8.3 Example overlay of hydrological cycle model and habitat network model outputs showing two
potential multifunctional priority areas (MPAS)

Steeply sloped land within the
immediate catchment of surface
waterbody (see section 7.3.3)

Steeply sloped land within the
immediate catchment of a large parcel of
impermeable ground (seesection 7.3 3)

.....

L oty area for gra enhancement
works (see section 7.4.2)

Anticipated direction of runoff

—

Multifunctional priority area

Nd o scale




Figure 8.4 Developing broad-brush land use/management intervention proposals for scoped-in multifunctional
priority areas (MPAS)

Steeply sloped land within the immediate
catchment of surface waterbody (see
section 7.3.3)

Steeply sloped land within the immediate
catchment of a large parcel of
impermeable ground (see section 7.3 3)

Priority area for grassland enhancement
works (see section 7.4.2)
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Figure 8.5 Proposed process for integrating the new tools, models and guidance with the statutory Local
Development Plan (LDP) process

Step 1: Individual spatial model outputs — see Can inform discrete LDP
Chapter 7 policy if required —e.g.

specific policy on floodplain

\l/ woodland (see section 7.2.5)

Step 2: Integration analysis— see section 8.2

\l/ Land use/management
change objectives

multifunctional priority areas (MPASs) — see

|
|
|
|
|
|
|
|
|
|
I
: Step 3: Identification of potential
|
: Record of relevant
|

|

|

|

|

|

|

|

|

section 8.2 technical guidance notes
Step 4: Develop broad-brush/outline proposal Schematic showing outline
for scoped-in MPAs — see section 8.2 proposals for land
Y e e e — \l/ ____________ use/management change

Spatial strategy

1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
\l/ (Appendices 4, 5 and 6) |
1
1
1
1
1
1
|
1
Step S: Feed outline proposals into Main Issues :
1

1

1

1

1

1

1

Report (MIR) and consult— see section 3.1.2 Policies
\l/ Site specific proposals
Step 6: Take forward prioritised MPA
proposals from MIR consultationto Proposed <---------------~---~-—-~-~—-~-—~—--~—~—-~——~—~—~ -4

Plan and adoptthe LDP — see section 3.1.2
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: Step 7: Develop detailed designs for prioritised
: MPASs taken forward in adopted LDP — see
| GCV Green Network Partnership (2013b)
I
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I
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I
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I
I

v

Step 8: Deliver MPA designs through
appropriateland use delivery mechanisms and
collect implementation data — see section 3.1.1

\4

Step 9: Re-run individual spatial models with
--- new baseline data at start of next LDP cycle —
see Chapter 7



