
 

 

#ÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ ÔÏ×ÁÒÄÓ ÒÅÁÃÈÉÎÇ 

3$'φ ÉÎ -ÁÌÁ×É 

 

 

 

 

 

2ÅÂÅËÁÈ 'ÒÁÃÅ +ÕÄÁË×ÁÓÈÅ (ÉÎÔÏÎ 

$/#4/2 /& 0(),/3/0(9 

 

4ÈÉÓ ÔÈÅÓÉÓ ÉÓ ÔÈÅ ÒÅÓÕÌÔ ÏÆ ÔÈÅ ÁÕÔÈÏÒȭÓ ÏÒÉÇÉÎÁÌ ÒÅÓÅÁÒÃÈȢ )Ô ÈÁÓ ÂÅÅÎ ÃÏÍÐÏÓÅÄ ÂÙ ÔÈÅ ÁÕÔÈÏÒ ÁÎÄ ÈÁÓ ÎÏÔ ÂÅÅÎ 

ÐÒÅÖÉÏÕÓÌÙ ÓÕÂÍÉÔÔÅÄ ÆÏÒ ÅØÁÍÉÎÁÔÉÏÎ ×ÈÉÃÈ ÈÁÓ ÌÅÄ ÔÏ ÔÈÅ Á×ÁÒÄ ÏÆ Á ÄÅÇÒÅÅȢ 

4ÈÅ ÃÏÐÙÒÉÇÈÔ ÏÆ ÔÈÉÓ ÔÈÅÓÉÓ ÂÅÌÏÎÇÓ ÔÏ ÔÈÅ ÁÕÔÈÏÒ ÕÎÄÅÒ ÔÈÅ ÔÅÒÍÓ ÏÆ ÔÈÅ 5ÎÉÔÅÄ +ÉÎÇÄÏÍ #ÏÐÙÒÉÇÈÔ !ÃÔÓ ÁÓ 

ÑÕÁÌÉПÉÅÄ ÂÙ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 3ÔÒÁÔÈÃÌÙÄÅ 

2ÅÇÕÌÁÔÉÏÎ σȢυπȢ $ÕÅ ÁÃËÎÏ×ÌÅÄÇÅÍÅÎÔ ÍÕÓÔ ÁÌ×ÁÙÓ ÂÅ ÍÁÄÅ ÏÆ ÔÈÅ ÕÓÅ ÏÆ ÁÎÙ ÍÁÔÅÒÉÁÌ ÃÏÎÔÁÉÎÅÄ ÉÎȟ ÏÒ 

ÄÅÒÉÖÅÄ ÆÒÏÍȟ ÔÈÉÓ ÔÈÅÓÉÓȢ 

 

ςπςτ 

  



ÉÉ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

  

  

Ȱ-ÁÌÁ×Éȡ 3ÈÁÐÅÄ ÂÙ 7ÁÔÅÒȱ ÂÙ 2 (ÉÎÔÏÎ 



ÉÉÉ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

 

$ÅÃÌÁÒÁÔÉÏÎ 

) ÈÅÒÅÂÙ ÄÅÃÌÁÒÅ ÔÈÁÔ ÔÈÅ ×ÏÒË ÐÒÅÓÅÎÔÅÄ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÈÁÓ ÎÏÔ ÂÅÅÎ ÓÕÂÍÉÔÔÅÄ ÆÏÒ ÁÎÙ ÏÔÈÅÒ ÄÅÇÒÅÅ ÏÒ 

ÐÒÏÆÅÓÓÉÏÎÁÌ ÑÕÁÌÉПÉÃÁÔÉÏÎȟ ÁÎÄ ÔÈÁÔ ÉÔ ÉÓ ÔÈÅ ÒÅÓÕÌÔ ÏÆ ÍÙ Ï×Î ÉÎÄÅÐÅÎÄÅÎÔ ×ÏÒËȢ 

 

 

 

2ÅÂÅËÁÈ 'ÒÁÃÅ +ÕÄÁË×ÁÓÈÅ (ÉÎÔÏÎ 

 

$ÁÔÅ ςτȾπτȾςπςτ 

  

  



ÉÖ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

 

!ÂÓÔÒÁÃÔ 

3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌ ɉ3$'Ɋ φ ÏÕÔÌÉÎÅÓ ÔÈÅ ÁÉÍ ÔÏ ȬÅÎÓÕÒÅ ÁÃÃÅÓÓ ÔÏ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÆÏÒ ÁÌÌȭ ÂÙ 

ςπσπȢ &ÏÒ -ÁÌÁ×Éȟ ÔÈÉÓ ×ÉÌÌ ÒÅÑÕÉÒÅ ÓÉÇÎÉПÉÃÁÎÔ ÉÎÖÅÓÔÍÅÎÔ ÁÎÄ ÄÅÖÅÌÏÐÍÅÎÔ ÔÏ ÅÎÓÕÒÅ ÔÈÁÔ ÔÈÅ ψςϷ ÏÆ ÔÈÅ 

ÐÏÐÕÌÁÔÉÏÎ ÃÕÒÒÅÎÔÌÙ ÌÁÃËÉÎÇ ÓÁÆÅÌÙ ÍÁÎÁÇÅÄ ÄÒÉÎËÉÎÇ ×ÁÔÅÒȟ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ υτϷ ÃÕÒÒÅÎÔÌÙ ÌÁÃËÉÎÇ ÓÁÎÉÔÁÔÉÏÎȟ 

ÇÁÉÎ ÁÃÃÅÓÓ ÔÏ ÔÈÅÓÅ ÎÅÃÅÓÓÉÔÉÅÓȢ (Ï×ÅÖÅÒȟ ÔÈÅ ÁÄÄÉÔÉÏÎÁÌ ÒÅÑÕÉÒÅÍÅÎÔ ÏÆ ÄÅÖÅÌÏÐÉÎÇ ÔÈÅ ÎÅÃÅÓÓÁÒÙ ÃÁÐÁÃÉÔÙ ÔÏ 

ÍÅÅÔ ÔÈÅ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÎÅÅÄÓ ÏÆ Á ÒÁÐÉÄÌÙ ÇÒÏ×ÉÎÇ ÐÏÐÕÌÁÔÉÏÎ ÍÁËÅÓ ÍÅÅÔÉÎÇ 3$'φ Á ÇÒÅÁÔÅÒ ÃÈÁÌÌÅÎÇÅȢ 

-ÁÌÁ×É ÈÁÓ Á ÃÕÒÒÅÎÔ ÐÏÐÕÌÁÔÉÏÎ ÏÆ ςρ ÍÉÌÌÉÏÎ ÂÕÔ ÉÓ ÅØÐÅÃÔÅÄ ÔÏ ÕÎÄÅÒÇÏ Á ПÉÖÅȤÆÏÌÄ ÐÏÐÕÌÁÔÉÏÎ ÉÎÃÒÅÁÓÅ ÉÎ ÔÈÉÓ 

ÃÅÎÔÕÒÙȢ  ! ÒÁÐÉÄÌÙ ÃÈÁÎÇÉÎÇ ÃÌÉÍÁÔÅ ÁÎÄ ÓÕÂÓÅÑÕÅÎÔ ÉÎÃÒÅÁÓÅÄ ÆÒÅÑÕÅÎÃÙ ÏÆ ÅØÔÒÅÍÅ ×ÅÁÔÈÅÒ ÅÖÅÎÔÓ ÍÁËÅ 

ÍÁÎÁÇÉÎÇ ÆÕÔÕÒÅ ÒÉÓËÓ ÔÏ ÍÅÅÔÉÎÇ 3$'φ ÅÖÅÒ ÍÏÒÅ ÃÏÍÐÌÉÃÁÔÅÄȢ  

'ÒÏÕÎÄ×ÁÔÅÒ ÉÓ Á ÃÅÎÔÒÁÌ ÆÁÃÅÔ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȟ ÐÒÏÖÉÄÉÎÇ ÏÖÅÒ ψπϷ ÏÆ ÄÏÍÅÓÔÉÃ ×ÁÔÅÒ ÕÓÅ ÁÓ ×ÅÌÌ ÁÓ 

ÍÅÅÔÉÎÇ ÓÉÇÎÉПÉÃÁÎÔ ÁÇÒÉÃÕÌÔÕÒÁÌȟ ÁÎÄ ÉÎÄÕÓÔÒÉÁÌ ×ÁÔÅÒ ÎÅÅÄÓȢ (Ï×ÅÖÅÒȟ ÄÅÓÐÉÔÅ ÔÈÅ ÃÅÎÔÒÁÌÉÔÙ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÔÏ 

-ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÔÈÅ ÌÁÒÇÅÌÙ ÕÎÓÅÅÎ ÎÁÔÕÒÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÍÅÁÎÓ ÔÈÁÔ ÌÉÔÔÌÅ ÉÓ ËÎÏ×Î ÁÂÏÕÔ -ÁÌÁ×ÉȭÓ 

ÍÏÓÔ ÕÓÅÄ ×ÁÔÅÒ ÓÏÕÒÃÅȢ ,ÉÍÉÔÅÄ ÒÅÓÏÕÒÃÅÓ ÁÎÄ ÍÏÎÉÔÏÒÉÎÇ ÎÅÔ×ÏÒËÓ ÈÁÖÅ ÆÕÒÔÈÅÒ ÈÁÍÐÅÒÅÄ ÅÆÆÏÒÔÓ ÔÏ 

ÍÏÎÉÔÏÒ ÁÎÄ ÍÁÎÁÇÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ  

4Ï ÁÉÄ ÄÅÃÉÓÉÏÎ ÍÁËÉÎÇ ÉÎ ×ÏÒËÉÎÇ ÔÏ×ÁÒÄÓ ÁÃÈÉÅÖÉÎÇ 3$'φȟ ÔÈÉÓ ÔÈÅÓÉÓ ÁÐÐÌÉÅÓ ÄÁÔÁ ÁÎÁÌÙÓÉÓ ÁÎÄ ÎÏÖÅÌ 

ÍÏÄÅÌÌÉÎÇ ÔÅÃÈÎÉÑÕÅÓ ÔÏ ÂÅÔÔÅÒ ÕÎÄÅÒÓÔÁÎÄ ÔÈÅ ÃÕÒÒÅÎÔ ÓÔÁÔÕÓ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ 

ÆÕÔÕÒÅ ÔÈÒÅÁÔÓ ÔÏ ÒÅÁÃÈÉÎÇ 3$'φȢ &ÉÒÓÔÌÙȟ ÔÈÅ ÔÈÅÓÉÓ ÅØÐÌÏÒÅÓ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȟ ÃÏÎÓÉÄÅÒÉÎÇ ÂÏÔÈ 

×ÁÔÅÒ ÑÕÁÎÔÉÔÙ ÁÎÄ ÑÕÁÌÉÔÙ ÔÏ ÅÎÓÕÒÉÎÇ 3$'φȢ !ÎÁÌÙÓÉÓ ÏÆ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ×ÁÔÅÒ ÑÕÁÎÔÉÔÙ ÉÎÖÏÌÖÅÓ ÅØÐÌÏÒÁÔÉÏÎ ÏÆ 

ÔÈÅ ÉÎÔÅÒÆÁÃÅ ÂÅÔ×ÅÅÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÉÎ -ÁÌÁ×É ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ ÁÐÐÌÉÃÁÔÉÏÎ ÁÎÄ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ 

Á ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌ ÔÏ ÒÅÐÒÅÓÅÎÔ Á ÈÏÌÉÓÔÉÃ ÖÉÅ× ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÎÄ ÐÒÏÖÉÄÅ ÔÈÅ ПÉÒÓÔ ÓÙÓÔÅÍ ÍÏÄÅÌÓ 

ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÎ -ÁÌÁ×ÉȢ )Î ÃÏÎÓÉÄÅÒÉÎÇ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÔÈÅ ÔÈÅÓÉÓ ÆÏÃÕÓÅÓ ÏÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÆÒÏÍ 

ÓÁÎÉÔÁÔÉÏÎ ÓÙÓÔÅÍÓȟ ÉÄÅÎÔÉÆÙÉÎÇ ÐÉÔȤÌÁÔÒÉÎÅÓ ÁÓ ÔÈÅ ÍÁÊÏÒ ÓÏÕÒÃÅ ÏÆ ÈÉÇÈ ÍÉÃÒÏÂÉÁÌ ÁÎÄ ÎÕÔÒÉÅÎÔ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÎÁÔÉÏÎÁÌÌÙȢ ! ÎÏÖÅÌ ÍÏÄÅÌ ÏÆ ÐÉÔȤÌÁÔÒÉÎÅ ÕÓÁÇÅ ÉÓ ÄÅÖÅÌÏÐÅÄ ÔÏ ÍÏÄÅÌ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÒÉÓËÓ ÆÒÏÍ 

ÐÉÔȤÌÁÔÒÉÎÅÓ ÕÎÄÅÒ ÍÕÌÔÉÐÌÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÄÅÖÅÌÏÐÍÅÎÔȢ  4ÈÅ ȬÐÁÒÁÄÏØ ÏÆ 3$'φȭ 

ÉÓ ÃÏÎÓÉÄÅÒÅÄ ×ÈÅÒÅÂÙ ÔÈÅ ÒÅÄÕÃÔÉÏÎ ÏÆ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎȟ ÔÈÒÏÕÇÈ ÔÈÅ ÐÒÏÌÉÆÅÒÁÔÉÏÎ ÏÆ ÐÉÔȤÌÁÔÒÉÎÅÓȟ ÈÁÓ ÔÈÅ 

ÐÏÔÅÎÔÉÁÌ ÔÏ ÒÅÓÕÌÔ ÉÎ ÄÒÁÍÁÔÉÃ ÌÅÖÅÌÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎȢ  

)Î ÒÅÃÏÇÎÉÔÉÏÎ ÏÆ ÔÈÅ ÉÍÐÁÃÔ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÓÙÓÔÅÍÓ ÏÎ ×ÁÔÅÒ ÑÕÁÌÉÔÙȟ ÔÈÅ ÔÈÅÓÉÓ ÔÈÅÎ ÃÏÎÓÉÄÅÒÓ ÐÒÏÇÒÅÓÓ ÉÎ 

ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÔÏ 3$'φȢ 4ÒÅÎÄÓ ÉÎ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎȟ ÁÎÄ ÔÈÅ ÉÍÐÌÉÃÁÔÉÏÎÓ ÆÏÒ ÅÎÓÕÒÉÎÇ ȬÓÁÎÉÔÁÔÉÏÎ 

ÆÏÒ ÁÌÌȭ ÁÒÅ ÅØÐÌÏÒÅÄ ÕÎÄÅÒ ÆÕÔÕÒÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÃÈÁÎÇÅȢ 4ÈÅ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÏÆ ÐÒÏÇÒÅÓÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎ 

ÐÒÏÖÉÓÉÏÎ ÉÓ ÁÌÓÏ ÅØÐÌÏÒÅÄȟ ÅÍÐÈÁÓÉÓÉÎÇ ÔÈÅ ÎÅÅÄ ÆÏÒ ÎÏÔ ÏÎÌÙ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÂÕÔ ÓÕÓÔÁÉÎÁÂÌÅ ÓÙÓÔÅÍÓȢ 

-ÅÎÓÔÒÕÁÌ ÈÙÇÉÅÎÅ ÍÁÎÁÇÅÍÅÎÔ ÉÓ ÁÌÓÏ ÄÉÓÃÕÓÓÅÄ ÔÏ ÃÏÎÓÉÄÅÒ ÔÈÅ ÅØÐÒÅÓÓ ÆÏÃÕÓ ÏÎ ÍÅÅÔÉÎÇ ȬÔÈÅ ÎÅÅÄÓ ÏÆ 

×ÏÍÅÎ ÁÎÄ ÇÉÒÌÓȭ ÏÕÔÌÉÎÅÄ ×ÉÔÈÉÎ 3$'φȢ  

&ÉÎÁÌÌÙȟ ÃÏÍÍÕÎÉÔÙȤÌÅÄ ÓÏÌÕÔÉÏÎÓ ÔÏ ÔÈÅ ÉÄÅÎÔÉПÉÅÄ ÃÈÁÌÌÅÎÇÅÓ ÏÆ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÉÎ 

ÍÅÅÔÉÎÇ 3$'φ ÁÒÅ ÅØÐÌÏÒÅÄ ÕÓÉÎÇ ÔÈÅ ÃÁÓÅ ÓÔÕÄÉÅÓ ÏÆ ÂÏÒÅÈÏÌÅȤÇÁÒÄÅÎ ÐÅÒÍÁÃÕÌÔÕÒÅ ÁÎÄ ÐÉÔȤÌÁÔÒÉÎÅ ÅÍÐÔÙÉÎÇȢ 

.ÏÔ ÏÎÌÙ ÄÏ ÔÈÅÓÅ ÐÒÏÖÉÄÅ ÅØÁÍÐÌÅÓ ÏÆ ÓÏÌÕÔÉÏÎÓ ÉÎÔÅÇÒÁÔÉÎÇ ÍÕÌÔÉÐÌÅ ÃÈÁÌÌÅÎÇÅÓ ÉÄÅÎÔÉПÉÅÄ ÉÎ ÂÏÔÈ ×ÁÔÅÒ 

ÓÅÃÕÒÉÔÙ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎȟ ÉÎÖÅÓÔÉÇÁÔÉÏÎ ÏÆ ÌÏÃÁÌ ÌÅÖÅÌ ÓÏÌÕÔÉÏÎÓ ÁÌÓÏ ÄÉÒÅÃÔÌÙ ÁÄÄÒÅÓÓÅÓ 3$'φ ×ÈÉÃÈ ÅÍÐÈÁÓÉÓÅÓ 

ÔÈÅ ÎÅÅÄ ÔÏ ȬÓÕÐÐÏÒÔ ÁÎÄ ÓÔÒÅÎÇÔÈÅÎ ÔÈÅ ÐÁÒÔÉÃÉÐÁÔÉÏÎ ÏÆ ÌÏÃÁÌ ÃÏÍÍÕÎÉÔÉÅÓ ÉÎ ÉÍÐÒÏÖÉÎÇ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ 

ÍÁÎÁÇÅÍÅÎÔȭ ɉ3$'φȢ"ɊȢ 

"Ù ÉÎÖÅÓÔÉÇÁÔÉÎÇ ÂÏÔÈ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ ÔÏ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÏÎ ÂÏÔÈ Á ÌÏÃÁÌ ÁÎÄ ÎÁÔÉÏÎÁÌ ÓÃÁÌÅ ÉÎ 

-ÁÌÁ×Éȟ ÔÈÉÓ ÔÈÅÓÉÓ ÄÅÖÅÌÏÐÓ Á ÈÏÌÉÓÔÉÃ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 3$'φ ÉÎ -ÁÌÁ×Éȟ ÅÍÐÈÁÓÉÓÉÎÇ ÔÈÅ ÎÅÅÄ ÔÏ ÃÏÎÓÉÄÅÒ 

ÍÕÌÔÉÐÌÅ ÁÓÐÅÃÔÓ ÁÎÄ ÓÃÁÌÅÓ ÏÆ 3$'φ ÔÏÇÅÔÈÅÒȢ 4ÈÅ ÐÒÅÓÓÉÎÇ ÃÈÁÌÌÅÎÇÅÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÁÎÄ ÃÌÉÍÁÔÅ 



Ö 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

ÃÈÁÎÇÅ ÏÎ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÁÒÅ ÕÎÄÅÒÓÃÏÒÅÄȟ ÈÉÇÈÌÉÇÈÔÉÎÇ ÔÈÅ ÎÅÅÄ ÆÏÒ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ 

ÓÕÓÔÁÉÎÁÂÌÙ ÍÅÅÔÉÎÇ ÆÕÔÕÒÅ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÎÅÅÄÓ ÉÎ ÄÅÃÉÓÉÏÎȤÍÁËÉÎÇȢ 4ÈÅ ÍÅÔÈÏÄÏÌÏÇÉÅÓ ÁÎÄ ÈÏÌÉÓÔÉÃ 

ÆÒÁÍÅ×ÏÒË ÄÅÖÅÌÏÐÅÄ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÐÒÏÖÉÄÅ ÔÏÏÌÓ ÔÏ ÍÏÎÉÔÏÒȟ ÍÁÎÁÇÅ ÁÎÄ ÐÒÅÄÉÃÔ ÂÁÒÒÉÅÒÓ ÔÏ 3$'φ ÎÏÔ ÏÎÌÙ ÆÏÒ 

-ÁÌÁ×É ÂÕÔ ÁÌÓÏ ÓÕÐÐÏÒÔÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φ ÏÎ Á ÇÌÏÂÁÌ ÓÃÁÌÅȢ   

  



ÖÉ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

!ÃËÎÏ×ÌÅÄÇÅÍÅÎÔÓ 

4ÈÅÒÅ ÁÒÅ Á ÇÒÅÁÔ ÎÕÍÂÅÒ ÏÆ ÐÅÏÐÌÅ ×ÈÏ ) ×ÏÕÌÄ ÌÉËÅ ÔÏ ÔÁËÅ ÔÈÉÓ ÏÐÐÏÒÔÕÎÉÔÙ ÔÏ ÔÈÁÎËȢ  

) ×ÏÕÌÄ ПÉÒÓÔÌÙ ÌÉËÅ ÔÏ ÅØÔÅÎÄ ÍÙ ÄÅÅÐ ÔÈÁÎËÓ ÔÏ ÐÁÒÔÎÅÒÓ ÁÔ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×ÉȢ )Ô ÈÁÓ ÂÅÅÎ Á ÇÒÅÁÔ 

ÐÒÉÖÉÌÅÇÅ ÔÏ ×ÏÒË ÁÌÏÎÇÓÉÄÅ ÙÏÕ ÁÓ ÙÏÕ ÓÔÒÉÖÅ ÔÏ ÅÎÓÕÒÅ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ ÉÎ -ÁÌÁ×ÉȢ ) ÁÍ ÐÁÒÔÉÃÕÌÁÒÌÙ 

ÇÒÁÔÅÆÕÌ ÔÏ -ÏÄÅÓÔÁ +ÁÎÊÁÙÅ ÆÏÒ ÔÈÅ ÏÐÐÏÒÔÕÎÉÔÙ ÔÏ ×ÏÒË ÓÏ ÃÌÏÓÅÌÙ ×ÉÔÈ ÔÈÅ $ÅÐÁÒÔÍÅÎÔ ÏÆ 3ÁÎÉÔÁÔÉÏÎȢ -Ù 

ÔÈÁÎËÓ ÁÌÓÏ ÇÏ ÔÏ ÔÈÅ ÍÁÎÙ ÏÔÈÅÒ ÃÏÌÌÁÂÏÒÁÔÏÒÓ ×ÉÔÈ ×ÈÏÍ ) ÈÁÄ ÔÈÅ ÈÏÎÏÕÒ ÏÆ ×ÏÒËÉÎÇ ÁÌÏÎÇÓÉÄÅȟ ÐÁÒÔÉÃÕÌÁÒÌÙ 

ÉÎ ÃÏÎÄÕÃÔÉÎÇ ПÉÅÌÄ ×ÏÒËȢ -Ù ÐÁÒÔÉÃÕÌÁÒ ÔÈÁÎËÓ ÔÏ 3ÔÅÖÅ +ÕÍ×ÅÎÄÁ ÁÎÄ ÈÉÓ ÆÁÍÉÌÙ ÆÏÒ ÔÈÅ ÈÏÓÐÉÔÁÌÉÔÙȟ 

ÆÒÉÅÎÄÓÈÉÐȟ ÁÎÄ ×ÁÒÍÔÈȟ ÁÓ ×ÅÌÌ ÁÓ ÔÏ *ÁÍÅÓ -ÁÍÂÕÌÕ ÁÎÄ -ÕÔÈÉ .ÈÅÌÍÁ ÆÏÒ ÔÈÅÉÒ ÉÎÖÁÌÕÁÂÌÅ ÉÎÓÉÇÈÔ ÁÎÄ 

ÓÈÁÒÉÎÇ ÔÈÅÉÒ ÅØÐÅÒÉÅÎÃÅȢ 4ÈÁÎËÓ ÔÏ 3ÔÅ×ÁÒÔ ÆÏÒ ÙÏÕÒ ÆÒÉÅÎÄÓÈÉÐȟ ×ÅÌÃÏÍÅȟ ÁÎÄ ÆÕÎ ÏÎ ÍÁÎÙ ÒÏÁÄ ÔÒÉÐÓȢ )Î 

ÁÄÄÉÔÉÏÎȟ ) ÁÍ ÇÒÁÔÅÆÕÌ ÔÏ ÁÌÌ ÏÆ ÔÈÅ ÅÎÕÍÅÒÁÔÏÒÓ ÁÎÄ ÐÁÒÔÉÃÉÐÁÎÔÓ ÏÆ ÔÈÅ #ÌÉÍÁÔÅ *ÕÓÔÉÃÅ &ÕÎÄ 7ÁÔÅÒ &ÕÔÕÒÅÓ 

3ÕÒÖÅÙÓ ÆÏÒ ÔÈÅÉÒ ÉÎÖÏÌÖÅÍÅÎÔ ÉÎ ÄÅÖÅÌÏÐÉÎÇ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȢ  

:ÉËÏÍÏ Ë×ÁÍÂÉÒÉȢ 

4ÈÒÏÕÇÈÏÕÔ ÍÙ 0È$ȟ ) ÈÁÖÅ ÈÁÄ ÎÕÍÅÒÏÕÓ ÍÅÎÔÏÒÓ ×ÈÏ ÈÁÖÅ ÇÕÉÄÅÄ ÁÎÄ ÄÉÒÅÃÔÅÄ ÍÅ ÉÎ ÔÈÉÓ ÊÏÕÒÎÅÙȢ &ÉÒÓÔÌÙȟ ) 

×ÏÕÌÄ ÌÉËÅ ÔÏ ÔÈÁÎË ÍÙ 0È$ ÓÕÐÅÒÖÉÓÏÒÓȟ "ÏÂ +ÁÌÉÎȟ +ÉÔ -ÁÃÌÅÏÄȟ ÁÎÄ -ÁÄÓ 4ÒÏÌÄÂÏÒÇȢ 4ÈÁÎË ÙÏÕ ÆÏÒ ÙÏÕÒ 

ÐÁÔÉÅÎÃÅȟ ÓÕÐÐÏÒÔȟ ÁÎÄ ÇÕÉÄÁÎÃÅȢ 4ÈÁÎË ÙÏÕ ÆÏÒ ËÅÅÐÉÎÇ ÍÅ ÏÎ ÃÏÕÒÓÅ ×ÈÅÎ ) ÈÁÖÅ ÒÕÎ ÄÏ×Î ÒÁÂÂÉÔ ÈÏÌÅÓȟ ÂÕÔ 

ÁÌÓÏ ÆÏÒ ÇÉÖÉÎÇ ÍÅ ÔÈÅ ÆÒÅÅÄÏÍ ÔÏ ПÉÎÄ ÁÒÅÁÓ ÔÈÁÔ ÐÁÒÔÉÃÕÌÁÒÌÙ ÅØÃÉÔÅ ÍÅȢ ) ÈÁÖÅ ÌÅÁÒÎÔ ÓÏ ÍÕÃÈ ÔÈÒÏÕÇÈ ÔÈÉÓ ÔÉÍÅ 

ÁÎÄ ) ÁÍ ÅØÔÒÅÍÅÌÙ ÁÐÐÒÅÃÉÁÔÉÖÅ ÏÆ ÙÏÕÒ ÓÕÐÅÒÖÉÓÉÏÎȢ ) ÁÍ ÁÌÓÏ ÇÒÁÔÅÆÕÌ ÔÏ ÏÔÈÅÒÓ ×ÈÏ ÈÁÖÅ ÓÅÒÖÅÄ ÁÓ ÍÅÎÔÏÒÓ 

ÄÕÒÉÎÇ ÔÈÉÓ ÔÉÍÅȟ ÔÈÁÎË ÙÏÕ ÔÏ +ÅÎ ,ÏÁÄÅÓ ÁÎÄ +ÅÎ &ÅÅ ÆÏÒ ÔÈÅÉÒ ÓÕÐÐÏÒÔ ÉÎ ÄÅÖÅÌÏÐÉÎÇ ÔÈÅ ÇÁÍÅ Ȭ7ÅÌÌ0ÌÁÃÅÄȭ ÔÏ 

ÃÏÍÍÕÎÉÃÁÔÅ ÓÏÍÅ ÏÆ ÔÈÅ ПÉÎÄÉÎÇÓ ÏÆ ÔÈÉÓ 0È$ ÐÒÏÊÅÃÔȟ ÙÏÕÒ ÃÒÅÁÔÉÖÉÔÙ ÁÎÄ ÐÁÓÓÉÏÎ ÆÏÒ ÓÃÉÅÎÃÅ ÃÏÍÍÕÎÉÃÁÔÉÏÎ 

ÈÁÓ ÂÅÅÎ ÉÎÓÐÉÒÁÔÉÏÎÁÌȢ 4ÈÁÎË ÙÏÕ ÁÌÓÏ ÔÏ ÃÏÌÌÅÁÇÕÅÓ ÁÔ ÔÈÅ 5ÎÉÖÅÒÓÉÔÙ ÏÆ #ÁÍÂÒÉÄÇÅȟ 0ÌÁÎÔ 3ÃÉÅÎÃÅ 

%ÐÉÄÅÍÉÏÌÏÇÙ ÁÎÄ -ÏÄÅÌÌÉÎÇ ÇÒÏÕÐ ×ÈÏ ÈÁÖÅ ÒÅÍÁÉÎÅÄ Á ÃÏÎÔÉÎÕÏÕÓ ÓÕÐÐÏÒÔ ÉÎ ÔÈÉÓ ÐÒÏÃÅÓÓȢ 0ÁÒÔÉÃÕÌÁÒ ÔÈÁÎËÓ 

ÔÏ #ÈÒÉÓ 'ÉÌÌÉÇÁÎȟ 3ÁÌÌÙ (ÁÍÅÓȟ 2ÅÎÁÔÁ 2ÅÔËÕÔÅȟ ÁÎÄ $ÁÎÉÅÌ "ÏÎÎÅÒÙȢ ) ÁÍ ÁÌÓÏ ÄÅÅÐÌÙ ÇÒÁÔÅÆÕÌ ÆÏÒ ÍÙ ÆÅÌÌÏ× 0È$ 

ÓÔÕÄÅÎÔÓ ×ÈÏ ÈÁÖÅ ÂÅÅÎ Á ÃÏÎÓÔÁÎÔ ÓÕÐÐÏÒÔ ÁÎÄ ÅÎÃÏÕÒÁÇÅÍÅÎÔȟ ÅÓÐÅÃÉÁÌÌÙ ,ÉÍÂÉËÁÎÉ "ÁÎÄÁ ÁÎÄ 

!ÂÄÕÌÒÁÈÍÁÎ 3ÈÁÉÂÕȢ 

) ÁÍ ÉÍÍÅÎÓÅÌÙ ÇÒÁÔÅÆÕÌ ÆÏÒ ÔÈÅ ÏÐÐÏÒÔÕÎÉÔÙ ÔÏ ÈÁÖÅ ÐÁÒÔÉÃÉÐÁÔÅÄ ÉÎ ÔÈÅ 9ÏÕÎÇ 3ÃÉÅÎÔÉÓÔÓ 3ÕÍÍÅÒ 0ÒÏÇÒÁÍÍÅ 

ɉ9330Ɋ ÁÔ ÔÈÅ )ÎÔÅÒÎÁÔÉÏÎÁÌ )ÎÓÔÉÔÕÔÅ ÏÆ !ÐÐÌÉÅÄ 3ÙÓÔÅÍÓ !ÎÁÌÙÓÉÓ ɉ))!3!Ɋ ÁÓ ÐÁÒÔ ÏÆ ÔÈÉÓ 0È$ȟ ÓÐÅÎÄÉÎÇ ÔÉÍÅ 

ÁÌÏÎÇÓÉÄÅ ÓÕÃÈ ÁÎ ÅØÃÉÔÉÎÇ ÁÎÄ ÉÎÓÐÉÒÉÎÇ ÇÒÏÕÐ ÏÆ ÓÃÉÅÎÔÉÓÔÓ ÈÁÓ ÂÅÅÎ ÏÎÅ ÏÆ ÔÈÅ ÈÉÇÈÌÉÇÈÔÓȢ 4ÈÁÎË ÙÏÕ ÔÏ 

-ÉËÈÁÉÌ 3ÍÉÌÏÖÉÃȟ $ÏÒ &ÒÉÄÍÁÎȟ ÁÎÄ "ÁÒÂÁÒÁ 7ÉÌÌÁÁÒÔÓ ÆÏÒ ÙÏÕÒ ÓÕÐÅÒÖÉÓÉÏÎȟ ÖÉÓÉÏÎȟ ÁÎÄ ÐÁÔÉÅÎÃÅȟ ÅÓÐÅÃÉÁÌÌÙ ÉÎ 

ÔÈÅ ÍÁÎÙ ÍÏÄÅÌÌÉÎÇ ÈÉÃÃÕÐÓȦ 4ÈÁÎË ÙÏÕ ÁÌÓÏ ÔÏ ÍÙ ÆÅÌÌÏ× 9330Ó ÆÏÒ ÙÏÕÒ ÆÒÉÅÎÄÓÈÉÐȟ ÉÎÓÐÉÒÁÔÉÏÎȟ ÁÎÄ ÉÎÓÉÇÈÔȟ ) 

ÁÍ ÄÅÅÐÌÙ ÔÈÁÎËÆÕÌ ÆÏÒ ÁÌÌ ÏÆ ÙÏÕȢ  

-Ù 0È$ ÈÁÓ ÏÎÌÙ ÂÅÅÎ ÐÏÓÓÉÂÌÅ ÔÈÒÏÕÇÈ ÔÈÅ ÇÅÎÅÒÏÕÓ ÓÕÐÐÏÒÔ ÏÆ ÆÕÎÄÅÒÓȢ 4ÈÉÓ 0È$ ÈÁÓ ÂÅÅÎ ÓÕÐÐÏÒÔÅÄ 

ÔÈÒÏÕÇÈ ÔÈÅ 3ÃÏÔÔÉÓÈ 'ÏÖÅÒÎÍÅÎÔ #ÌÉÍÁÔÅ *ÕÓÔÉÃÅ &ÕÎÄȟ ) ÁÍ ÖÅÒÙ ÇÒÁÔÅÆÕÌ ÆÏÒ ÔÈÉÓ ÇÅÎÅÒÏÕÓ ÓÕÐÐÏÒÔȢ ) ÁÍ ÁÌÓÏ 

ÔÈÁÎËÆÕÌ ÆÏÒ ÓÕÐÐÏÒÔ ÆÒÏÍ ÔÈÅ 5+ .ÁÔÕÒÁÌ %ÎÖÉÒÏÎÍÅÎÔ 2ÅÓÅÁÒÃÈ #ÏÕÎÃÉÌ ɉ.%2#Ɋ ÆÏÒ ÓÕÐÐÏÒÔ ÔÏ ÃÏÎÄÕÃÔ ÔÈÅ 

))!3! 9330ȟ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ *ÁÍÅÓ (ÕÔÔÏÎ )ÎÓÔÉÔÕÔÅ ÆÏÒ ÔÒÁÖÅÌ ÓÕÐÐÏÒÔȢ  

4ÈÁÎË ÙÏÕ ÁÌÓÏ ÔÏ ÍÙ 0È$ ÅØÁÍÉÎÅÒÓ 0ÒÏÆÅÓÓÏÒ !ÎÄÒÅ× (ÕÒÓÔÈÏÕÓÅȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ ÔÈÅ 7ÅÓÔ ÏÆ 3ÃÏÔÌÁÎÄ ÁÎÄ $Ò 

#ÈÁÒÌÅÓ +ÎÁÐÐȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 3ÔÒÁÔÈÃÌÙÄÅ ÆÏÒ ÆÁÓÃÉÎÁÔÉÎÇ ÃÏÎÖÅÒÓÁÔÉÏÎ ÁÎÄ ÉÎÓÉÇÈÔ ÓÕÒÒÏÕÎÄÉÎÇ ÔÈÉÓ ×ÏÒËȢ )Î 

ÁÄÄÉÔÉÏÎȟ ÔÈÁÎËÓ ÔÏ $Ò 3ÔÅÌÌÁ 0ÙÔÈÁÒÏÕÌÉ ÆÏÒ ÔÈÅ ÁÓÓÉÓÔÁÎÃÅ ÓÕÒÒÏÕÎÄÉÎÇ ÔÈÅ ÅØÁÍÉÎÁÔÉÏÎ ÐÒÏÃÅÓÓȢ  

&ÉÎÁÌÌÙȟ ÔÏ ÆÁÍÉÌÙ ÁÎÄ ÆÒÉÅÎÄÓ ×ÈÏ ÈÁÖÅ ÓÕÐÐÏÒÔÅÄ ÍÅ ÏÎ ÔÈÉÓ ÊÏÕÒÎÅÙȢ 4ÈÅÒÅ ÁÒÅ ÆÁÒ ÍÏÒÅ ÏÆ ÙÏÕ ÔÈÁÎ ) ÃÁÎ 

ÎÁÍÅ ɉÁÎÄ ÔÈÉÓ ÔÈÅÓÉÓ ÉÓ ÁÌÒÅÁÄÙ ÑÕÉÔÅ ÌÏÎÇȦɊ ÂÕÔ ) ÁÍ ÇÒÁÔÅÆÕÌ ÔÏ ÅÁÃÈ ÏÆ ÙÏÕȢ 0ÁÒÔÉÃÕÌÁÒ ÔÈÁÎËÓ ÔÏ ÍÙ ÐÁÒÅÎÔÓȟ 

*ÉÍÍÙ ÁÎÄ 3ÁÒÁÈȟ ÙÏÕÒ ÃÏÎÔÉÎÕÏÕÓ ÅÎÄÅÁÖÏÕÒ ÔÏ ÍÁËÅ ÔÈÅ ×ÏÒÌÄ Á ÂÅÔÔÅÒ ÐÌÁÃÅ ÈÁÓ ÂÅÅÎ Á ÌÉÆÅÌÏÎÇ ÓÏÕÒÃÅ ÏÆ 

ÉÎÓÐÉÒÁÔÉÏÎ ÁÎÄ ÉÔ ÉÓ ÍÙ ÄÅÅÐÅÓÔ ÈÏÐÅ ÔÈÁÔ ÔÈÉÓ ÔÈÅÓÉÓ ÃÏÎÔÉÎÕÅÓ ÉÎ ÔÈÁÔ ÍÉÓÓÉÏÎ ÔÏÏȢ 4ÈÁÎË ÙÏÕ ÁÌÓÏ ÔÏ 0ÉÐÓ ÁÎÄ 

#ÈÁÒÌÉÅ ÆÏÒ ÐÕÔÔÉÎÇ ÕÐ ×ÉÔÈ Á ÒÁÔÈÅÒ ПÌÉÇÈÔÙ ÔÒÁÉÎÙ 0È$ ÓÔÕÄÅÎÔȟ ÆÏÒ ÔÈÅ ÍÉÌÌÉÏÎÓ ÏÆ ÃÕÐÓ ÏÆ ÔÅÁȟ ÁÎÄ ÔÈÅ ÈÕÎÄÒÅÄÓ 



ÖÉÉ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

ÏÆ ÃÈÁÔÓ ÁÂÏÕÔ ÔÏÉÌÅÔÓȢ -ÏÓÔÌÙȟ ÔÈÁÎËÓ ÔÏ #ÈÁÒÌÉÅ ÆÏÒ ÅÖÅÒÙ ÐÒÏÏÆÒÅÁÄ ÁÎÄ ÇÁÍÅ ÔÅÓÔȟ ÆÏÒ ÙÏÕÒ ÕÎ×ÁÖÅÒÉÎÇ 

ÓÕÐÐÏÒÔȟ ÁÎÄ ÙÏÕÒ ÃÏÎÔÉÎÕÏÕÓ ÅÎÃÏÕÒÁÇÅÍÅÎÔȢ ) ÃÏÕÌÄÎȭÔ ÈÁÖÅ ÄÏÎÅ ÉÔ ×ÉÔÈÏÕÔ ÙÏÕȢ -ÁÙ ÔÈÉÓ ÔÈÅÓÉÓ ÂÅ ÄÅÄÉÃÁÔÅÄ 

ÔÏ #ÈÁÒÌÉÅȢ  



ÖÉÉÉ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

0ÒÅÆÁÃÅ   

4ÈÅ ÃÏÒÅ ÏÆ ÔÈÉÓ ÔÈÅÓÉÓ ×ÁÓ ÄÅÖÅÌÏÐÅÄ ÁÓ ÓÅÒÉÅÓ ÏÆ ÐÁÐÅÒÓ ×ÈÉÃÈ ÈÁÖÅ ÂÅÅÎ ÐÕÂÌÉÓÈÅÄȟ ÁÒÅ ÉÎ ÒÅÖÉÅ×ȟ ÏÒ ÁÒÅ ÉÎ 

ÐÒÅÐÁÒÁÔÉÏÎȟ ÆÏÒ ÐÕÂÌÉÃÁÔÉÏÎ ÉÎ ÐÅÅÒ ÒÅÖÉÅ×ÅÄ ÊÏÕÒÎÁÌÓȢ %ÁÃÈ ÃÈÁÐÔÅÒ ÃÏÎÔÁÉÎÓ ÉÎÄÉÖÉÄÕÁÌ ÐÁÐÅÒÓ ×ÉÔÈ ÔÈÅÉÒ Ï×Î 

ÂÁÃËÇÒÏÕÎÄȟ ÍÅÔÈÏÄÏÌÏÇÙȟ ÒÅÓÕÌÔÓȟ ÁÎÄ ÃÏÎÃÌÕÓÉÏÎÓȢ %ÁÃÈ ÐÁÐÅÒ ÐÒÏÖÉÄÅÓ ÓÐÅÃÉПÉÃ ÐÏÌÉÃÙ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ 

ÁÃÃÏÒÄÉÎÇÌÙȢ  %ÁÃÈ ÃÈÁÐÔÅÒ ÉÎÔÒÏÄÕÃÅÓ ÔÈÅ ÂÒÏÁÄ ÃÏÎÃÅÐÔÓ ÁÎÄ ÒÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎÓȟ ÆÏÌÌÏ×ÅÄ ÂÙ ÔÈÅ ÐÁÐÅÒÓ ÁÎÄ 

ÄÉÓÃÕÓÓÉÏÎ ÐÏÓÔȤÆÁÃÅÓ ÔÏ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌ ÐÉÅÃÅÓȢ 4ÈÅ ÐÁÐÅÒ ÒÅÆÅÒÅÎÃÅÓ ÁÎÄ ÁÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÁÒÅ ÓÔÁÔÅÄ ÂÅÌÏ×ȡ  

 

#ÈÁÐÔÅÒ τ 

0ÁÐÅÒ υ 

$ÉÓÃÌÁÉÍÅÒȡ  4ÈÉÓ ÐÁÐÅÒ ÐÒÏÖÉÄÅÓ ÏÎÅ ÁÓÐÅÃÔ ÏÆ ÔÈÅ ÏÖÅÒÁÒÃÈÉÎÇ ÃÏÎÃÅÐÔÕÁÌ ÆÒÁÍÅ×ÏÒË ÆÏÒ ÔÈÉÓ ÔÈÅÓÉÓȟ ÂÕÔ ÉÔ ÉÓ 

ÎÏÔ ËÅÙ ÔÏ ÔÈÅ ÏÖÅÒÁÌÌ ÂÏÄÙ ÏÆ ÒÅÓÅÁÒÃÈ ÔÈÅ !ÕÔÈÏÒ ÐÒÅÓÅÎÔÓ ÁÓ Á ÄÉÓÓÅÒÔÁÔÉÏÎȢ   

4ÈÅ ПÉÎÁÌ ÖÅÒÓÉÏÎ ÔÈÉÓ ÐÁÐÅÒ ÂÕÉÌÄÓ ÏÎ ÖÁÒÉÏÕÓ ×ÏÒË ÆÒÏÍ ÔÈÅ ×ÉÄÅÒ ÒÅÓÅÁÒÃÈ ÇÒÏÕÐȟ ×ÉÔÈ ÃÒÉÔÉÃÁÌ ÐÕÂÌÉÃÁÔÉÏÎÓ 

ÃÕÒÒÅÎÔÌÙ ÉÎ ÐÅÅÒ ÒÅÖÉÅ×Ȣ   &ÏÒ ÔÉÍÅÌÙ ÓÕÂÍÉÓÓÉÏÎ ÏÆ ÔÈÉÓ ÔÈÅÓÉÓ ÁÎÄ ÔÏ ÐÒÅÓÅÎÔ ÔÈÅ ÃÏÎÔÒÉÂÕÔÉÏÎ ÔÏ ÔÈÉÓ ÐÁÐÅÒȟ ÁÎ 

ÏÕÔÌÉÎÅ ÄÒÁÆÔ ÉÓ ÐÒÏÖÉÄÅÄ ÈÅÒÅ ×ÉÔÈ ÅØÐÅÃÔÁÔÉÏÎ ÏÆ ÓÕÂÍÉÓÓÉÏÎ ÉÎ -ÁÙ ςπςτȢ 

4ÈÅ ÂÏÄÙ ÏÆ ÒÅÓÅÁÒÃÈ ÓÕÂÍÉÔÔÅÄ ÆÏÌÌÏ×Ó ÔÈÉÓ ×ÏÒËȢ 

+ÁÌÉÎȟ 2Ȣ-Ȣȟ (ÉÎÔÏÎȟ 2Ȣ'Ȣ+ȟ 2ÉÄÄÅÌȟ ,Ȣȟ 2ÉÖÅÔÔȟ -Ȣȟ -ÌÅÔÁȟ 0Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ +ÁÍÕÔÕÌÁȟ 3Ȣȟ 7ÁÎÁÎÇ×Áȟ 'Ȣȟ 5ËÁȟ :Ȣȟ 

.ÇÏÎÇÏȟ #Ȣ ɉ)Î 0ÒÅÐɊȢ 'ÒÏÕÎÄ×ÁÔÅÒ 3ÔÏÒÁÇÅ ÁÓ Á ËÅÙ ÔÅÍÐÏÒÁÌ ÁÎÄ ÓÐÁÔÉÁÌ ÆÁÃÔÏÒ ÆÏÒ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙ ÔÏ 

,ÁËÅ -ÁÌÁ×ÉȢ 7ÁÔÅÒȢ  

ȡ *ÏÉÎÔ ПÉÒÓÔ ÁÕÔÈÏÒÓÈÉÐ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ȣȟ 2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ2ȟ 2Ȣ-ȟ 0Ȣ-ȟ -Ȣ+Ȣȟ 3Ȣ+ȟ 'Ȣ7ȟ :Ȣ5ȟ #Ȣ.Ɋȟ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ 

ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ ,Ȣ2Ɋȟ ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ ,Ȣ2Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ ,Ȣ2Ɋȟ ÖÁÌÉÄÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 

2Ȣ-Ȣ+Ɋȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+Ɋȟ ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ 

ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+Ɋȟ ÒÅÖÉÅ× ÁÎÄ ÅÄÉÔÉÎÇ ɉ2Ȣ-Ȣ+Ȣȟ 2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ2ȟ 2Ȣ-ȟ 0Ȣ-ȟ -Ȣ+Ȣȟ 3Ȣ+ȟ 'Ȣ7ȟ :Ȣ5ȟ #Ȣ. 

0ÁÐÅÒ φ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+Ȣȟ 3ÍÉÌÏÖÉÃȟ -Ȣȟ &ÒÉÄÍÁÎȟ $Ȣȟ 7ÉÌÌÁÁÒÔÓȟ "Ȣȟ "ÁÎÄÁȟ ,Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ +ÁÌÉÎȢȟ 2Ȣ-Ȣ  ɉ5ÎÄÅÒ 

ÒÅÖÉÅ× ÂÙ ÃÏȤÁÕÔÈÏÒÓɊȢ 3ÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ ÁÐÐÒÏÁÃÈ ÉÍÐÒÏÖÅÓ ÎÁÔÉÏÎÁÌ ÍÏÄÅÌÌÉÎÇ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÆÏÒ ÔÈÅ 

3ÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁÎ "ÁÓÉÎȢ %ÎÖÉÒÏÎÍÅÎÔÁÌ 3ÃÉÅÎÃÅ ÁÎÄ 4ÅÃÈÎÏÌÏÇÙȢ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ ,Ȣ"ȢɊȟ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ -Ȣ3ȟ $Ȣ&ȟ 7Ȣ"Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ 

ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÖÁÌÉÄÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÐÒÏÊÅÃÔ 

ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ -Ȣ3ȟ $Ȣ&ȟ 7Ȣ"ȟ -Ȣ4Ȣȟ +Ȣ-Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÒÅÖÉÅ× 

ÁÎÄ ÅÄÉÔÉÎÇ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+Ȣȟ -Ȣ3ȟ $Ȣ&ȟ 7Ȣ"ȟ #Ȣ *Ȣ!Ȣ-ȟ -Ȣ 4ȟ -Ȣ +ȟ ,Ȣ"Ɋ 

#ÈÁÐÔÅÒ υ 

0ÁÐÅÒ χ 



ÉØ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

(ÉÎÔÏÎ 2Ȣ'Ȣ+Ȣȟ +ÁÌÉÎȟ 2Ȣ-Ȣȟ +ÁÎÊÁÙÅȟ -Ȣ"Ȣȟ -ÌÅÔÁȟ 0Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ*Ȣ!Ȣȟ 4ÒÏÌÂÏÒÇȟ -Ȣ ɉ)Î 2ÅÖÉÅ×ɊȢ 3ÐÁÔÉÁÌ ÍÏÄÅÌ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÒÉÓËÓ ÆÒÏÍ ÐÉÔȤÌÁÔÒÉÎÅÓ ÕÎÄÅÒ ÍÕÌÔÉÐÌÅ ÓÁÎÉÔÁÔÉÏÎ ÓÃÅÎÁÒÉÏÓ ÉÎ Á ÌÏ×ȤÉÎÃÏÍÅ 

ÃÏÕÎÔÒÙȢ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓȢ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4ȟ -Ȣ+Ɋȟ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ+Ȣ-ȟ 0Ȣ-ȟ 2Ȣ-Ȣ+Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ 

ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÖÁÌÉÄÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÐÒÏÊÅÃÔ 

ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÒÅÖÉÅ× ÁÎÄ ÅÄÉÔÉÎÇ 

ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+Ȣȟ #Ȣ *Ȣ!Ȣ-ȟ -Ȣ 4ȟ -Ȣ +ȟ 0Ȣ-Ɋ 

0ÁÐÅÒ ψ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+Ȣȟ +ÁÌÉÎȢȟ 2Ȣ-Ȣȟ "ÁÎÄÁȢȟ ,Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣȟ 0ÈÉÒÉȟ 0Ȣȟ +ÁÍÔÕËÕÌÅȟ 3Ȣ ɉ)Î 

2ÅÖÉÅ×Ɋ -ÉØÅÄ ÍÅÔÈÏÄ ÁÎÁÌÙÓÉÓ ÏÆ ÁÎÔÈÒÏÐÏÇÅÎÉÃ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÏÆ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÓÏÕÒÃÅÓ ÉÎ 

-ÁÌÁ×ÉȢ 3ÃÉÅÎÃÅ ÏÆ ÔÈÅ 4ÏÔÁÌ %ÎÖÉÒÏÎÍÅÎÔ  

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ ,Ȣ"Ȣȟ -Ȣ+ȢɊ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ,Ȣ"ȟ 2Ȣ-Ȣ+Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ"Ɋȟ 

ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ"Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ"Ɋȟ ÖÁÌÉÄÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ"Ɋȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ"Ɋȟ 

ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÒÅÖÉÅ× ÁÎÄ 

ÅÄÉÔÉÎÇ ɉ2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ"ȟ 2Ȣ-Ȣ+Ȣȟ #Ȣ *Ȣ!Ȣ-ȟ -Ȣ 4ȟ -Ȣ +ȟ 6Ȣ0Ɋ 

#ÈÁÐÔÅÒ φ 

0ÁÐÅÒ ω 

(ÉÎÔÏÎȟ 2Ȣ 'Ȣ +Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣȟ +ÁÎÊÁÙÅȟ -Ȣ "Ȣ Ǫ +ÁÌÉÎȟ 2Ȣ -Ȣ ɉςπςσɊȢ 4ÈÅ 3ÔÁÔÕÓ ÏÆ 3ÁÎÉÔÁÔÉÏÎ ÉÎ 

-ÁÌÁ×Éȡ )Ó 3$'φȢς !ÃÈÉÅÖÁÂÌÅȩ )ÎÔ * %ÎÖÉÒÏÎ 2ÅÓ 0ÕÂÌÉÃ (ÅÁÌÔÈ φτȢ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ Ɋ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ-Ȣ+ȟ 2Ȣ-Ȣ+Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ȣȟ 2Ȣ-Ȣ+Ɋȟ 

ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(Ȣȟ #Ȣ*Ȣ!Ȣ-Ȣȟ -Ȣ4Ȣȟ 2Ȣ-Ȣ+ȢɊȟ ÖÁÌÉÄÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ȣȟ -Ȣ+Ɋȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ 

ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ 

ÒÅÖÉÅ× ÁÎÄ ÅÄÉÔÉÎÇ ɉ2Ȣ'Ȣ+Ȣ(ȟ  2Ȣ-Ȣ+Ȣȟ #Ȣ *Ȣ!Ȣ-ȟ -Ȣ 4ȟ -Ȣ +ȟɊ 

0ÁÐÅÒ ϊ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+Ȣȟ 4ÒÅÍÂÌÁÙȤ,ÅǲÖÅÓÑÕÅȟ ,Ȣ#Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ +ÁÌÉÎȟ 2Ȣ-Ȣ ɉ)Î 2ÅÖÉÅ×ɊȢ 

0ÒÏÇÒÅÓÓ ÁÎÄ ÓÌÉÐÐÁÇÅ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÔÁÒÇÅÔÓ ÉÎ -ÁÌÁ×Éȡ ÉÓ 3$'φȢς ÁÃÈÉÅÖÁÂÌÅȩ *ÏÕÒÎÁÌ ÏÆ 7ÁÔÅÒȟ 

3ÁÎÉÔÁÔÉÏÎ ÁÎÄ (ÙÇÉÅÎÅ ÆÏÒ $ÅÖÅÌÏÐÍÅÎÔȢ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ -Ȣ+Ȣȟ ,Ȣ#Ȣ4Ȣ, Ɋ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ,Ȣ#Ȣ4Ȣ, 2Ȣ-Ȣ+Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ 

ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(Ȣȟ ,Ȣ#Ȣ4Ȣ,Ȣȟ #Ȣ*Ȣ!Ȣ-Ȣȟ -Ȣ4Ȣȟ 2Ȣ-Ȣ+ȢɊȟ ÖÁÌÉÄÁÔÉÏÎ ɉ,Ȣ#Ȣ4Ȣ,ȟ 2Ȣ'Ȣ+Ȣ(ȢɊȟ 

ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ 

ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÒÅÖÉÅ× ÁÎÄ ÅÄÉÔÉÎÇ ɉ2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ#Ȣ4Ȣ,Ȣȟ  2Ȣ-Ȣ+Ȣȟ #Ȣ *Ȣ!Ȣ-ȟ -Ȣ 4ȟ -Ȣ +ȟɊ 

0ÁÐÅÒ ϋ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+Ȣȟ 4ÒÅÍÂÌÁÙȤ,ÅǲÖÅÓÑÕÅȟ ,Ȣ#Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ +ÁÌÉÎȟ 2Ȣ-Ȣ ɉ)Î 2ÅÖÉÅ×ɊȢ 

-ÅÎÓÔÒÕÁÌ ÈÙÇÉÅÎÅ ÍÁÎÁÇÅÍÅÎÔ ÉÎ Ô×Ï ÄÉÓÔÒÉÃÔÓ ÏÆ -ÁÌÁ×ÉȢ 0,/3 'ÌÏÂÁÌ 0ÕÂÌÉÃ (ÅÁÌÔÈȢ 



Ø 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟȢ ,Ȣ#Ȣ4Ȣ,Ɋ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ,Ȣ#Ȣ4Ȣ, 2Ȣ-Ȣ+Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ 

ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(Ȣȟ ,Ȣ#Ȣ4Ȣ,Ȣȟ #Ȣ*Ȣ!Ȣ-Ȣȟ -Ȣ4Ȣȟ 2Ȣ-Ȣ+ȢɊȟ ÖÁÌÉÄÁÔÉÏÎ ɉ,Ȣ#Ȣ4Ȣ,ȟ 2Ȣ'Ȣ+Ȣ(ȢɊȟ 

ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ 

ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÒÅÖÉÅ× ÁÎÄ ÅÄÉÔÉÎÇ ɉ2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ#Ȣ4Ȣ,Ȣȟ  2Ȣ-Ȣ+Ȣȟ #Ȣ *Ȣ!Ȣ-ȟ -Ȣ 4ȟ -Ȣ +ȟɊ 

#ÈÁÐÔÅÒ χ 

0ÁÐÅÒ ό 

(ÉÎÔÏÎȟ 2Ȣ 'Ȣ +Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣȟ 7ÁÎÁÎÇ×Áȟ 'Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ -ÂÁÌÁÍÅȟ %Ȣȟ -ÌÅÔÁȟ 0Ȣȟ (ÁÒÁ×Áȟ +Ȣȟ 

+ÕÍ×ÅÎÄÁȟ 3Ȣ Ǫ +ÁÌÉÎȟ 2Ȣ -Ȣȟ ɉςπςρɊ &ÁÃÔÏÒÓ ÉÎПÌÕÅÎÃÉÎÇ ÔÈÅ Á×ÁÒÅÎÅÓÓ ÁÎÄ ÁÄÏÐÔÉÏÎ ÏÆ ÂÏÒÅÈÏÌÅȤÇÁÒÄÅÎ 

ÐÅÒÍÁÃÕÌÔÕÒÅ ÉÎ -ÁÌÁ×Éȡ ÌÅÓÓÏÎÓ ÆÏÒ ÔÈÅ ÐÒÏÍÏÔÉÏÎ ÏÆ ÓÕÓÔÁÉÎÁÂÌÅ ÐÒÁÃÔÉÃÅÓȢ 3ÕÓÔÁÉÎÁÂÉÌÉÔÙȢ υχȟ φυȟ φω ÐȢȟ υφυύϊȢ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ȣȟ 2Ȣ-Ȣ+Ɋ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ȣȟ 'Ȣ7Ȣȟ -Ȣ+Ȣȟ %Ȣ-Ȣȟ 0Ȣ-Ȣȟ +Ȣ(Ȣȟ 3Ȣ+Ɋȟ ÆÏÒÍÁÌ 

ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(ȟɊȟ ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ȣȟ 2Ȣ-Ȣ+Ȣȟ 'Ȣ7Ȣȟ -Ȣ+Ȣȟ %Ȣ-Ȣȟ 0Ȣ-Ȣȟ +Ȣ(Ȣȟ 3Ȣ+Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ 

ɉ2Ȣ'Ȣ+Ȣ(Ȣȟ #Ȣ*Ȣ!Ȣ-Ȣȟ -Ȣ4Ȣȟ 2Ȣ-Ȣ+ȢɊȟ ÖÁÌÉÄÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ȣȟ 'Ȣ7Ȣȟ -Ȣ+Ȣȟ %Ȣ-Ȣȟ 0Ȣ-Ȣȟ +Ȣ(Ȣȟ 3Ȣ+Ɋȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ 

ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÒÅÖÉÅ× ÁÎÄ 

ÅÄÉÔÉÎÇ ɉ2Ȣ'Ȣ+Ȣ(ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ȣȟ 2Ȣ-Ȣ+ȢɊ 

0ÁÐÅÒ ύ 

(ÉÎÔÏÎȟ 2Ȣ 'Ȣ +Ȣȟ -Ȣȟ +ÁÎÊÁÙÅȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣ "Ȣ Ǫ +ÁÌÉÎȟ 2Ȣ -Ȣ ɉ)Î ÒÅÖÉÅ×ɊȢ %ÖÁÌÕÁÔÉÏÎ ÏÆ ÐÉÔȤÌÁÔÒÉÎÅ 

ÅÍÐÔÙÉÎÇ ÐÒÁÃÔÉÃÅÓ ÁÓ Á ÓÏÌÕÔÉÏÎ ÔÏ ÐÏÏÒ ÐÉÔȤÌÁÔÒÉÎÅ ÃÏÎÓÔÒÕÃÔÉÏÎ ÑÕÁÌÉÔÙȡ ÔÈÅ ÃÁÓÅ ÏÆ -ÁÌÁ×ÉȢ (ÙÇÉÅÎÅ ÁÎÄ 

%ÎÖÉÒÏÎÍÅÎÔÁÌ (ÅÁÌÔÈ !ÄÖÁÎÃÅÓ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟȢ -Ȣ+ȢɊ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ-Ȣ+Ȣȟ 2Ȣ-Ȣ+Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÉÎÖÅÓÔÉÇÁÔÉÏÎ 

ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(Ȣȟ -Ȣ+Ȣȟ 2Ȣ-Ȣ+ȢɊȟ ÖÁÌÉÄÁÔÉÏÎ ɉ-Ȣ+Ȣȟ 2Ȣ-Ȣ+Ȣȟ 2Ȣ'Ȣ+Ȣ(ȢɊȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ 

ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ #Ȣ*Ȣ!Ȣ-ȟ -Ȣ4Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÒÅÖÉÅ× ÁÎÄ 

ÅÄÉÔÉÎÇ ɉ2Ȣ'Ȣ+Ȣ(ȟ  2Ȣ-Ȣ+Ȣȟ #Ȣ *Ȣ!Ȣ-ȟ -Ȣ 4ȟ -Ȣ +ȟɊ 

  



ØÉ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

)ÎÔÅÒÎÁÔÉÏÎÁÌ ÃÏÎÆÅÒÅÎÃÅ ÐÒÅÓÅÎÔÁÔÉÏÎÓȡ 

)Î ÁÄÄÉÔÉÏÎ ÔÏ ÔÈÅ ÐÁÐÅÒÓ ÐÕÂÌÉÓÈÅÄȟ ÔÈÅ ×ÏÒË ÐÒÅÓÅÎÔÅÄ ÈÅÒÅ ÈÁÓ ÂÅÅÎ ÐÒÅÓÅÎÔÅÄ ÁÔ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÃÏÎÆÅÒÅÎÃÅÓ 

ÄÅÔÁÉÌÅÄ ÂÅÌÏ×ȡ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+Ȣȟ 3ÍÉÌÏÖÉÃȟ -Ȣȟ &ÒÉÄÍÁÎȟ $Ȣȟ 7ÉÌÌÁÁÒÔÓȟ "Ȣȟ "ÁÎÄÁȟ ,Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ +ÁÌÉÎȢȟ 2Ȣ-Ȣ  ςπςτȢ ! 

ÓÔÁËÅÈÏÌÄÅÒ ÄÒÉÖÅÎȟ ÈÏÌÉÓÔÉÃ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÍÏÄÅÌ ÆÏÒ -ÁÌÁ×Éȡ ÁÐÐÌÙÉÎÇ ÔÈÅ #7ÁÔ- ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌȢ %'5 

'ÅÎÅÒÁÌ !ÓÓÅÍÂÌÙ #ÏÎÆÅÒÅÎÃÅȢ %'5ςτȤυχψσȢ ρυȤρω !ÐÒÉÌ ςπςτȢ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+Ȣȟ ,ÏÁÄÅÓȟ +Ȣȟ ςπςτȢ 7ÅÌÌ0ÌÁÃÅÄȡ #ÏÏÐÅÒÁÔÉÖÅÌÙ ÎÁÖÉÇÁÔÉÎÇ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ÌÁÎÄ ÁÎÄ ×ÁÔÅÒ 

ÍÁÎÁÇÅÍÅÎÔ ÔÏ ÒÅÁÃÈ 3$'φȢ %'5 'ÅÎÅÒÁÌ !ÓÓÅÍÂÌÙ #ÏÎÆÅÒÅÎÃÅȢ %'5ςτȤρχρπψȢ ρυȤρω !ÐÒÉÌ ςπςτȢ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+ȟ "ÁÎÄÁȟ ,Ȣȟ -ÁÃÌÅÏÄȟ #Ȣȟ 4ÒÏÌÄÂÏÒÇȟ +ÁÌÉÎȟ 2Ȣȟ ςπςσȢ 4ÒÅÎÄÓ ÉÎ ÐÉÔȤÌÁÔÒÉÎÅ ÕÓÁÇÅ ÉÎ -ÁÌÁ×É ÁÎÄ ÔÈÅÉÒ 

ÕÎÉÎÔÅÎÄÅÄ ÉÍÐÁÃÔÓ ÏÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÑÕÁÌÉÔÙȢ %'5 'ÅÎÅÒÁÌ !ÓÓÅÍÂÌÙ #ÏÎÆÅÒÅÎÃÅȢ %'5ȤφχςπȢ ςσɀςψ !ÐÒ ςπςσȢ 

(ÉÎÔÏÎȟ 2Ȣ 'Ȣ +Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣȟ 7ÁÎÁÎÇ×Áȟ 'Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ -ÂÁÌÁÍÅȟ %Ȣȟ -ÌÅÔÁȟ 0Ȣȟ (ÁÒÁ×Áȟ +Ȣȟ 

+ÕÍ×ÅÎÄÁȟ 3Ȣ Ǫ +ÁÌÉÎȟ 2Ȣ -Ȣȟ ςπςςȢ &ÁÃÔÏÒÓ ÉÎПÌÕÅÎÃÉÎÇ ÔÈÅ Á×ÁÒÅÎÅÓÓ ÁÎÄ ÁÄÏÐÔÉÏÎ ÏÆ ÂÏÒÅÈÏÌÅȤÇÁÒÄÅÎ 

ÐÅÒÍÁÃÕÌÔÕÒÅ ÉÎ -ÁÌÁ×Éȡ ÌÅÓÓÏÎÓ ÆÏÒ ÔÈÅ ÐÒÏÍÏÔÉÏÎ ÏÆ ÓÕÓÔÁÉÎÁÂÌÅ ÐÒÁÃÔÉÃÅÓȢ υÔÈ 'ÒÏÕÎÄ×ÁÔÅÒ 3!$# 
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ØÖ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

 

,ÉÓÔ ÏÆ ÁÂÂÒÅÖÉÁÔÉÏÎÓ ÁÎÄ ÁÃÒÏÎÙÍÓ  

"'0ȡ "ÏÒÅÈÏÌÅȤÇÁÒÄÅÎ 0ÅÒÍÁÃÕÌÔÕÒÅ 

")#ȡ "ÁÙÓÉÅÎ )ÎÆÏÒÍÁÔÉÏÎ #ÒÉÔÅÒÉÏÎ 

#*&ȡ #ÌÉÍÁÔÅ *ÕÓÔÉÃÅ &ÕÎÄ 

#7ÁÔ-ȡ #ÏÍÍÕÎÉÔÙ 7ÁÔÅÒ -ÏÄÅÌ 

$(3ȡ $ÅÍÏÇÒÁÐÈÉÃ (ÅÁÌÔÈ 3ÕÒÖÅÙ 

')3ȡ 'ÅÏÇÒÁÐÈÉÃ )ÎÆÏÒÍÁÔÉÏÎ 3ÙÓÔÅÍ  

',-ȡ 'ÅÎÅÒÁÌÉÓÅÄ ,ÉÎÅÁÒ -ÏÄÅÌ 

',--ȡ 'ÅÎÅÒÁÌÉÓÅÄ ,ÉÎÅÁÒ -ÉØÅÄ -ÏÄÅÌ 

'Ï-ȡ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É 

'2!#%ȡ 'ÒÁÖÉÔÙ 2ÅÃÏÖÅÒÙ ÁÎÄ #ÌÉÍÁÔÅ %ØÐÅÒÉÍÅÎÔ 

*-0ȡ *ÏÉÎÔ -ÏÎÉÔÏÒÉÎÇ 0ÒÏÊÅÃÔ 

+'%ȡ +ÌÉÎÇ 'ÕÐÔÁ %ÆПÉÃÉÅÎÃÙ 

,-23"ȡ ,ÁËÅ -ÁÌÁ×É 3ÈÉÒÅ 2ÉÖÅÒ "ÁÓÉÎ 

-$'ȡ -ÉÌÌÅÎÉÕÍ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌ 

-)3ȡ -ÁÌÁÒÉÁ )ÎÄÉÃÁÔÏÒ 3ÕÒÖÅÙ 

-+ȡ -ÁÌÁ×ÉÁÎ +×ÁÃÈÁ 

.'/ȡ .ÏÎ 'ÏÖÅÒÎÍÅÎÔ /ÒÇÁÎÉÓÁÔÉÏÎ 

.3%ȡ .ÁÓÈȤ3ÕÔÔÃÌÉÆÅ %ÆПÉÃÉÅÎÃÙ 

/$ȡ /ÐÅÎ $ÅÆÅÃÁÔÉÏÎ 

/$&ȡ /ÐÅÎ $ÅÆÅÃÁÔÉÏÎ &ÒÅÅ 

2&ȡ 2ÁÎÄÏÍ &ÏÒÅÓÔ 

2)&2ȡ 2ÅÎÅ×ÅÁÂÌÅ )ÎÔÅÒÎÁÌ &ÒÅÓÈ×ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ 

2-3%ȡ 2ÏÏÔ -ÅÁÎ 3ÑÕÁÒÅÄ %ÒÒÏÒ  

21ȡ 2ÅÓÅÁÒÃÈ 1ÕÅÓÔÉÏÎ 

3!$#ȡ 3ÏÕÔÈÅÒÎ !ÆÒÉÃÁÎ $ÅÖÅÌÏÐÍÅÎÔ #ÏÍÍÕÎÉÔÙ 

3#ȡ 3ÐÅÁÒÍÁÎ #ÏÒÒÅÌÁÔÉÏÎ 

3$'ȡ 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌ 

3/ȡ 3ÐÅÃÉПÉÃ /ÂÊÅÃÔÉÖÅ 

330ȡ 3ÈÁÒÅÄ 3ÏÃÉÏÅÃÏÎÏÍÉÃ 0ÁÔÈ×ÁÙÓ 

37!4ȡ 3ÏÉÌ ÁÎÄ 7ÁÔÅÒ !ÓÓÅÓÓÍÅÎÔ 4ÏÏÌ  

473ȡ 4ÏÔÁÌ 7ÁÔÅÒ 3ÔÏÒÁÇÅ 

5&3&ȡ 5ÒÂÁÎ &ÒÁÃÔÉÏÎ 3ÍÏÏÔÈÉÎÇ &ÁÃÔÏÒȭ  

5.ȡ 5ÎÉÔÅÄ .ÁÔÉÏÎÓ 

5.)#%&ȡ 5ÎÉÔÅÄ .ÁÔÉÏÎÓ #ÈÉÌÄÒÅÎͻÓ &ÕÎÄ 



ØÖÉ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

6)&ȡ 6ÁÒÉÁÎÃÅ )ÎПÌÁÔÉÏÎ &ÁÃÔÏÒ 

7Á3(ȡ 7ÁÔÅÒȟ 3ÁÎÉÔÁÔÉÏÎȟ ÁÎÄ (ÙÇÉÅÎÅ  

7(/ȡ 7ÏÒÌÄ (ÅÁÌÔÈ /ÒÇÁÎÉÚÁÔÉÏÎ  

70ȡ 7ÁÔÅÒȤÐÏÉÎÔ 

70#ȡ 7ÁÔÅÒȤÐÏÉÎÔ #ÏÍÍÉÔÔÅÅ  

72!ȡ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅ !ÒÅÁ 

725ȡ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅ 5ÎÉÔ 

 

  



ØÖÉÉ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

,ÉÓÔ ÏÆ ПÉÇÕÒÅÓɕ 

&ÉÇÕÒÅ ρȢρȡ #ÕÂÅ ÄÉÁÇÒÁÍÍÁÔÉÃ ÏÆ ÔÈÅ ÍÕÌÔÉÐÌÅ ÁÒÅÁÓ ÅØÐÌÏÒÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢσ 

&ÉÇÕÒÅ ρȢςȡ /ÖÅÒÁÌÌ ÔÈÅÓÉÓ ÓÔÒÕÃÔÕÒÅȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢφ 

&ÉÇÕÒÅ ςȢρȡ -ÉÌÌÅÎÉÕÍ ÄÅÖÅÌÏÐÍÅÎÔ ÇÏÁÌÓ ɉ-$'Ɋ ÁÎÄ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ ÇÏÁÌÓ ɉ3$'ɊȣȣȣȣȣȣȣȣȣȣȢρς 

&ÉÇÕÒÅ ςȢςȢȡ 4ÁÒÇÅÔÓ ÍÁËÉÎÇ ÕÐ 3$'φȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢρσ 

&ÉÇÕÒÅ ςȢσȡ )ÎÔÅÒÃÏÎÎÅÃÔÉÖÉÔÙ ÏÆ ÔÁÒÇÅÔÓ ÍÁËÉÎÇ ÕÐ 3$'φȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢȢρυ 

&ÉÇÕÒÅ ςȢτȡ 3ÔÕÄÙ ÌÏÃÁÔÉÏÎȟ -ÁÌÁ×Éȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣρφ 

&ÉÇÕÒÅ ςȢυȡ #ÙÃÌÉÃÁÌ ÎÁÔÕÒÅ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣςς 

&ÉÇÕÒÅ ςȢφȡ .ÁÒÒÁÔÉÖÅÓ ÏÆ 3ÈÁÒÅÄ 3ÏÃÉÏÅÃÏÎÏÍÉÃ 0ÁÔÈ×ÁÙÓ ɉ330ÓɊȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢȢςυ 

&ÉÇÕÒÅ ςȢχȡ 2ÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÍÕÌÔÉÐÌÅ ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÆÁÃÔÏÒÓ ×ÉÔÈÉÎ ÔÈÅ 330ÓȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢȢςχ 

&ÉÇÕÒÅ τȢρȡ 2ÅÎ×ÅÁÂÌÅ )ÎÔÅÒÎÁÌ &ÒÅÓÈ×ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ ÐÅÒ ÃÁÐÉÔÁ ÆÏÒ -ÁÌÁ×É ÆÒÏÍ ρωφπȤςρππȣȣȣȣȣȣȣȣȣτυ 

&ÉÇÕÒÅ τȢςȡ 3$'φ ÔÁÒÇÅÔÓ ÅØÐÌÏÒÅÄ ÉÎ #ÈÁÐÔÅÒ τȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢςπρ 

&ÉÇÕÒÅ υȢρȡ 3$'φ ÔÁÒÇÅÔÓ ÅØÐÌÏÒÅÄ ÉÎ #ÈÁÐÔÅÒ υȢ ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢσσπ 

&ÉÇÕÒÅ φȢρȡ 3$'φ ÔÁÒÇÅÔÓ ÅØÐÌÏÒÅÄ ÉÎ #ÈÁÐÔÅÒ φȢ ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢτσω 

&ÉÇÕÒÅ χȢρȡ 3$'φ ÔÁÒÇÅÔÓ ÅØÐÌÏÒÅÄ ÉÎ #ÈÁÐÔÅÒ χȢ ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢυσρ 

&ÉÇÕÒÅ ψȢρȡ )ÎÔÅÒÓÅÃÔÉÏÎ ÏÆ ×ÁÔÅÒ ÑÕÁÌÉÔÙȟ ÑÕÁÎÔÉÔÙȟ ÁÎÄ ÁÃÃÅÓÓÉÂÉÌÉÔÙ ÉÎ 3$'φȢρȢ ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢυστ 

&ÉÇÕÒÅ ψȢςȡ -ÕÌÔÉÐÌÅ ÁÓÐÅÃÔÓ ÏÆ 3$'φȢς Ȭ3ÁÎÉÔÁÔÉÏÎ ÁÎÄ (ÙÇÉÅÎÅȭȢ ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢυσφ 

&ÉÇÕÒÅ ψȢσȡ #ÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÁÌÏÎÇÓÉÄÅ ÂÅÈÁÖÉÏÕÒÁÌ ÃÈÁÎÇÅ ÔÏ ÉÍÐÒÏÖÅÄ 

ÈÅÁÌÔÈ ÏÕÔÃÏÍÅÓȢȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢȢυσχ 

&ÉÇÕÒÅ ωȢρȡ 4ÈÅÓÉÓ ÓÔÒÕÃÔÕÒÅ ÄÅÍÏÎÓÔÒÁÔÉÎÇ ÈÏ× ÁÌÓÏ ÔÁÒÅÇÔÓ ×ÉÔÈÉÎ 3$'φ ÈÁÖÅ ÂÅÅÎ ÃÏÎÓÉÄÅÒÅÄȣȣȣȣȣȣȢȢυτω 

 

ɕ  4ÁÂÌÅÓ ÁÎÄ ПÉÇÕÒÅÓ ÆÏÕÎÄ ×ÉÔÈÉÎ ÐÁÐÅÒÓ ÆÏÒÍÉÎÇ ÔÈÅ ÒÅÓÅÁÒÃÈ ÃÈÁÐÔÅÒÓ τȤχ ÁÒÅ ÎÏÔ ÌÉÓÔÅÄ ÈÅÒÅ ÁÎÄ ÃÁÎ ÂÅ 

ÆÏÕÎÄ ÉÎ ÔÈÅ ÓÐÅÃÉПÉÃ ÐÁÐÅÒÓȢ 
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#ÈÁÐÔÅÒ ρȡ )ÎÔÒÏÄÕÃÔÉÏÎ 
 

-ÁÄÚÉ ÎÄÉ -ÏÙÏȱ 

 #ÈÉÃÈÅ×Á ÅØÐÒÅÓÓÉÏÎ 

 Ȱ7ÁÔÅÒ ÉÓ ÌÉÆÅȱȢ 

 



ς 
 

 

#ÈÁÐÔÅÒ ρȡ  )ÎÔÒÏÄÕÃÔÉÏÎ 

ρȢρ /ÖÅÒÖÉÅ× 

)Î ÒÅÃÏÇÎÉÔÉÏÎ ÏÆ ÔÈÅ ÃÅÎÔÒÁÌ ÒÏÌÅ ÏÆ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÆÏÒ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÁÎÄ ÐÕÂÌÉÃ ÈÅÁÌÔÈȟ 

3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌ φ ɉ3$'φɊ ÁÉÍÓ ÔÏ ÅÎÓÕÒÅ ÁÃÃÅÓÓ ÔÏ ÃÌÅÁÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÆÏÒ 

ÁÌÌ ÂÙ ςπσπȢ )Ô ÅÎÃÏÍÐÁÓÓÅÓ ÔÁÒÇÅÔÓ ÒÅÌÁÔÅÄ ÔÏ ÓÁÆÅ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÁÃÃÅÓÓȟ ÁÄÅÑÕÁÔÅ ÓÁÎÉÔÁÔÉÏÎȟ 

×ÁÔÅÒ ÑÕÁÌÉÔÙ ÉÍÐÒÏÖÅÍÅÎÔȟ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÍÉÔÉÇÁÔÉÏÎȟ ÃÏÏÐÅÒÁÔÉÏÎ ÉÎ ×ÁÔÅÒ ÇÏÖÅÒÎÁÎÃÅȟ 

ÅÃÏÓÙÓÔÅÍ ÐÒÏÔÅÃÔÉÏÎȟ ÁÎÄ ÃÏÍÍÕÎÉÔÙ ÐÁÒÔÉÃÉÐÁÔÉÏÎȢ $ÕÅ ÔÏ ÏÆ ÔÈÅ ÉÎÔÅÒÃÏÎÎÅÃÔÉÖÉÔÙ ÏÆ ×ÁÔÅÒ 

ÓÅÃÕÒÉÔÙȟ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙȟ ÐÕÂÌÉÃ ÈÅÁÌÔÈȟ ÁÎÄ ÓÏÃÉÏȤÅÃÏÎÏÍÉÃ ÄÅÖÅÌÏÐÍÅÎÔ ×ÉÔÈÉÎ 

3$'φȟ ÔÈÉÓ ÔÈÅÓÉÓ ÐÒÏÆÆÅÒÓ Á ÈÏÌÉÓÔÉÃ ÁÐÐÒÏÁÃÈ ÔÏ 3$'φȢ 4ÈÅ ÔÈÅÓÉÓ ÉÓ ÓÐÅÃÉПÉÃÁÌÌÙ ÆÏÃÕÓÅÄ ÏÎ 

ÁÐÐÌÙÉÎÇ Á ÈÏÌÉÓÔÉÃ ÐÅÒÓÐÅÃÔÉÖÅ ÁÎÄ ÉÎÎÏÖÁÔÉÖÅ ÍÅÔÈÏÄÏÌÏÇÙ ÔÏ ÉÎÆÏÒÍ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ 

ÍÁÎÁÇÅÍÅÎÔ ÉÎ -ÁÌÁ×ÉȢ 

-ÁÌÁ×É ÆÁÃÅÓ ÓÉÇÎÉПÉÃÁÎÔ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÍÅÅÔÉÎÇ 3$'φ ÔÁÒÇÅÔÓ ×ÉÔÈ ÒÁÐÉÄ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈȟ 

ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÆÁÉÌÕÒÅȟ ÁÎÄ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÉÍÐÁÃÔÓ ÂÅÉÎÇ ÊÕÓÔ ÓÏÍÅ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÁÃÈÉÅÖÉÎÇ 

ÔÈÉÓ ÇÏÁÌȢ $ÅÓÐÉÔÅ ÅÆÆÏÒÔÓ ÔÏ ÉÍÐÒÏÖÅ ÁÃÃÅÓÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒȟ Á ÃÏÎÓÉÄÅÒÁÂÌÅ ÐÏÒÔÉÏÎ ÏÆ ÔÈÅ 

ÐÏÐÕÌÁÔÉÏÎ ÓÔÉÌÌ ÌÁÃËÓ ÁÄÅÑÕÁÔÅ ÆÁÃÉÌÉÔÉÅÓȟ ÌÅÁÄÉÎÇ ÔÏ ÉÓÓÕÅÓ ÓÕÃÈ ÁÓ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÁÎÄ 

×ÁÔÅÒÂÏÒÎÅ ÄÉÓÅÁÓÅÓȢ #ÌÉÍÁÔÅȤÒÅÌÁÔÅÄ ÅÖÅÎÔÓ ÅØÁÃÅÒÂÁÔÅ ÔÈÅÓÅ ÃÈÁÌÌÅÎÇÅÓȟ ×ÉÔÈ ПÌÏÏÄÉÎÇ ÁÎÄ ÉÎ 

ÐÁÒÔÉÃÕÌÁÒ ÐÏÓÉÎÇ ÓÉÇÎÉПÉÃÁÎÔ ÒÉÓËÓ ÔÏ ÐÕÂÌÉÃ ÈÅÁÌÔÈ ÁÎÄ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȢ !ÄÄÒÅÓÓÉÎÇ ÔÈÅÓÅ ÉÓÓÕÅÓȟ 

ÂÏÔÈ ÎÏ× ÁÎÄ ÆÏÒ ÔÈÅ ÆÕÔÕÒÅȟ ÒÅÑÕÉÒÅÓ ÉÎÆÏÒÍÅÄ ÐÏÌÉÃÙ ÁÎÄ ÉÎÖÅÓÔÍÅÎÔ ÉÎ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ 

ÍÁÎÁÇÅÍÅÎÔ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȟ ÃÏÕÐÌÅÄ ×ÉÔÈ ÃÏÍÍÕÎÉÔÙ ÅÎÇÁÇÅÍÅÎÔȢ 

4ÈÉÓ ÔÈÅÓÉÓ ÓÉÔÓ ×ÉÔÈÉÎ Á ×ÅÁÌÔÈ ÏÆ ÒÅÓÅÁÒÃÈ ÁÎÄ ÅÎÇÁÇÅÍÅÎÔ ÂÅÔ×ÅÅÎ ÒÅÓÅÁÒÃÈÅÒÓ ÁÎÄ ÐÏÌÉÃÙ 

ÍÁËÅÒÓ ×ÉÔÈÉÎ -ÁÌÁ×É ÁÎÄ 3ÃÏÔÌÁÎÄȢ 3ÐÅÃÉПÉÃÁÌÌÙȟ ÔÈÉÓ ÒÅÓÅÁÒÃÈ ÃÏÍÅÓ ÕÎÄÅÒ Á 3ÃÏÔÔÉÓÈ 

'ÏÖÅÒÎÍÅÎÔ ÆÕÎÄÅÄ ÐÒÏÇÒÁÍÍÅȡ ÔÈÅ Ȭ#ÌÉÍÁÔÅ *ÕÓÔÉÃÅ &ÕÎÄȡ 7ÁÔÅÒ &ÕÔÕÒÅÓ 0ÒÏÇÒÁÍÍÅȭ ÇÒÁÎÔÅÄ 

ÔÏ ÔÈÅ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 3ÔÒÁÔÈÃÌÙÄÅ ÉÎ ςπρρȢ ! ÃÅÎÔÒÁÌ ÐÁÒÔ ÏÆ ÔÈÉÓ ÐÒÏÇÒÁÍÍÅ ×ÁÓ ÔÈÅ 

ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ  Ô×Ï ÎÁÔÉÏÎ×ÉÄÅ ÓÕÒÖÅÙÓ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȟ ÐÒÏÖÉÄÉÎÇ 

ÔÈÅ ÍÏÓÔ ÄÅÔÁÉÌÅÄ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÓÐÅÃÉПÉÃ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÉÎÆÏÒÍÁÔÉÏÎ ÆÏÒ -ÁÌÁ×ÉȢ 4ÈÅ 



σ 
 

ÓÕÒÖÅÙÓȟ ÃÏÎÄÕÃÔÅÄ ÆÒÏÍ ςπρςȤςπςπȟ ÉÎÖÏÌÖÅÄ ÈÕÎÄÒÅÄÓ ÏÆ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É ÔÒÁÉÎÅÄ 

ÅÎÕÍÅÒÁÔÏÒÓ ÁÎÄ ÔÈÏÕÓÁÎÄÓ ÏÆ ÓÕÒÖÅÙÓ ÃÏÎÄÕÃÔÅÄ ÁÔ ÔÈÅ ÃÏÍÍÕÎÉÔÙ ÁÎÄ ÈÏÕÓÅÈÏÌÄ ÌÅÖÅÌȢ ! ÌÁÃË 

ÏÆ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÓÏÍÅ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÆÁÃÉÎÇ ÔÈÉÓ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȟ ÁÎÄ ÃÏÎÓÅÑÕÅÎÔÌÙ -ÁÌÁ×ÉȭÓ 

ÐÒÏÇÒÅÓÓ ÏÆ 3$'φȟ ×ÁÓ ÉÄÅÎÔÉПÉÅÄ ÁÓ Á ËÅÙ ÁÒÅÁ ÏÆ ÆÏÃÕÓ ÂÙ ÓÔÁËÅÈÏÌÄÅÒÓ ×ÉÔÈÉÎ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ 

ÏÆ -ÁÌÁ×É ÁÎÄ ÆÏÒÍÓ ÔÈÅ ÆÏÕÎÄÁÔÉÏÎ ÆÏÒ ÔÈÉÓ ÒÅÓÅÁÒÃÈȢ )ÎÖÅÓÔÉÇÁÔÉÏÎ ÏÆ ÓÏÍÅ ÏÆ ÔÈÅÓÅ ÃÈÁÌÌÅÎÇÅÓ 

ÈÉÇÈÌÉÇÈÔÅÄ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÅÎÓÕÒÉÎÇ Á ÈÏÌÉÓÔÉÃ ÏÕÔÌÏÏË ÔÏ ÍÕÌÔÉÐÌÅ ÁÒÅÁÓ ÏÆ 3$'φ ÁÎÄ ÉÎÓÐÉÒÅÄ 

ÔÈÅ ÁÉÍ ÏÆ ÄÅÖÅÌÏÐÉÎÇ Á ÈÏÌÉÓÔÉÃ ÐÅÒÓÐÅÃÔÉÖÅ ÐÒÅÓÅÎÔÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓȟ ÅÎÁÂÌÉÎÇ ÉÄÅÎÔÉПÉÃÁÔÉÏÎ 

ÏÆ ÂÏÔÈ ÃÏÎПÌÉÃÔÓ ÁÎÄ ÓÙÎÅÒÇÉÅÓ ÔÏ 3$'φȢ  

ρȢς 2ÅÓÅÁÒÃÈ !ÉÍ ÁÎÄ /ÂÊÅÃÔÉÖÅÓ 

ρȢςȢρ 2ÅÓÅÁÒÃÈ !ÉÍ 

4ÈÅ ÁÉÍ ÏÆ ÔÈÉÓ ÔÈÅÓÉÓ ×ÁÓ ÔÏ 

ÃÏÎÔÒÉÂÕÔÅ ÔÏ ÔÈÅ ÈÏÌÉÓÔÉÃ 

ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ 

ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ 

ÉÎÖÏÌÖÅÄ ÉÎ ÁÃÈÉÅÖÉÎÇ 

3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 

'ÏÁÌ φ ɉ3$'φɊȟ ×ÉÔÈ Á ÆÏÃÕÓ 

ÏÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ -ÁÌÁ×ÉȢ  

4ÈÅ ÔÈÅÓÉÓ ×ÉÌÌ ÅÎÓÕÒÅ Á 

ÈÏÌÉÓÔÉÃ ÆÏÃÕÓ ÂÙ ÌÏÏËÉÎÇ ÁÔ 

ÍÕÌÔÉÐÌÅ ÌÅÖÅÌÓ ÏÆ ÓÃÁÌÅȟ ÆÏÃÕÓȟ 

ÁÎÄ ÓÕÂÊÅÃÔÓȟ &ÉÇÕÒÅ ρȢρȢ   

4ÈÅ ÍÏÔÉÖÁÔÉÏÎ ÆÏÒ ÔÈÉÓ ÁÉÍ ÓÔÅÍÓ ÆÒÏÍ ÔÈÅ ÆÒÁÇÍÅÎÔÅÄ ÎÁÔÕÒÅ ÏÆ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÐÏÌÉÃÉÅÓ 

ÄÅÓÐÉÔÅ ÔÈÅÉÒ ÉÎÈÅÒÅÎÔ ÉÎÔÅÒÃÏÎÎÅÃÔÉÖÉÔÙȢ 4ÈÅ ÔÈÅÓÉÓ ÉÓ ÐÒÅÓÅÎÔÅÄ ÔÏ ÉÎÆÏÒÍ ÐÏÌÉÃÙ ÍÁËÅÒ ÁÎÄ 

ÄÏÎÏÒ ÄÅÃÉÓÉÏÎÓ ÉÎ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÎÉÔÉÁÔÉÖÅÓȟ ÍÁÉÎÔÁÉÎÉÎÇ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÅÓÔÓ 

&ÉÇÕÒÅ υȢυȡ 4ÈÅ ÍÕÌÔÉÐÌÅ ÁÒÅÁÓ ÅØÐÌÏÒÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÔÏ 
ÄÅÖÅÌÏÐ Á ÈÏÌÉÓÔÉÃ ÐÅÒÓÐÅÃÔÉÖÅ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒ ÉÎ -ÁÌÁ×É 



τ 
 

ÁÔ ÔÈÅ ÃÅÎÔÒÅȢ  3ÔÁËÅÈÏÌÄÅÒ ÃÏÎÃÅÒÎÓ ÒÅÇÁÒÄÉÎÇ ÖÁÒÉÏÕÓ ÁÓÐÅÃÔÓ ÏÆ ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔȟ ÓÁÎÉÔÁÔÉÏÎȟ 

ÁÎÄ ÈÙÇÉÅÎÅ ÉÎ ÍÅÅÔÉÎÇ 3$'φ ×ÅÒÅ ÕÓÅÄ ÔÏ ÄÅÖÅÌÏÐ ÓÐÅÃÉПÉÃ ÁÒÅÁÓ ÏÆ ÆÏÃÕÓ ÁÎÄ ÕÎÄÅÒÓÃÏÒÅ ÔÈÅ 

ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÔÈÉÓ ÒÅÓÅÁÒÃÈȢ 

4Ï ÁÃÈÉÅÖÅ ÔÈÉÓ ÁÉÍȟ ÔÈÅ ÔÈÅÓÉÓ ÆÏÒÍÕÌÁÔÅÓ τ ÒÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎÓȟ ÅÁÃÈ ÁÃÃÏÍÐÁÎÉÅÄ ÂÙ ÓÐÅÃÉПÉÃ 

ÏÂÊÅÃÔÉÖÅÓȟ ÄÉÓÃÕÓÓÅÄ ÂÅÌÏ×Ȣ 

ρȢςȢς 2ÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎÓ ÁÎÄ ÏÂÊÅÃÔÉÖÅÓ  

4ÈÅ ÒÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎÓ ÁÄÄÒÅÓÓ ÂÏÔÈ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ ÔÏ 3$'φȢ 2ÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎÓ 

ɉ21ÓɊ ρȟς ÁÎÄ σ ÆÏÃÕÓ ÏÎ ÃÈÁÌÌÅÎÇÅÓ ×ÉÔÈÉÎ ÔÈÅ ÁÒÅÁÓ ÏÆ ×ÁÔÅÒ ÑÕÁÎÔÉÔÙȟ ×ÁÔÅÒ ÑÕÁÌÉÔÙȟ ÁÎÄ 

ÓÁÎÉÔÁÔÉÏÎ ×ÈÉÌÓÔ 21τ ÅØÐÌÏÒÅÓ ÓÏÌÕÔÉÏÎÓ ×ÉÔÈÉÎ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎȢ %ÁÃÈ 21 ÉÓ 

ÃÏÍÐÏÓÅÄ ÏÆ ÓÅÖÅÒÁÌ 3ÐÅÃÉПÉÃ /ÂÊÅÃÔÉÖÅÓ ɉ3/ÓɊȢ 

&ÉÇÕÒÅ ρȢς ÓÈÏ×Ó ÔÈÅ ÓÔÒÕÃÔÕÒÅ ÏÆ ÔÈÅ ÒÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎÓ ÁÎÄ ÓÐÅÃÉПÉÃ ÏÂÊÅÃÔÉÖÅÓ ×ÉÔÈÉÎ ÔÈÉÓ 

ÔÈÅÓÉÓ ÁÎÄ ÈÏ× ÔÈÅÙ ÃÏÎÎÅÃÔ ÔÏ ÓÐÅÃÉПÉÃ ÐÕÂÌÉÃÁÔÉÏÎÓȢ  

ρȢςȢσ #ÈÁÌÌÅÎÇÅÓ ÔÏ 3$'φ 

υȢφȢχȢυ #ÈÁÌÌÅÎÇÅÓ ÔÏ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÉÎ -ÁÌÁ×É 

21 ρȡ 7ÈÁÔ ÁÒÅ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÉÎ -ÁÌÁ×Éȩ 

3/ρȡ %ØÐÌÏÒÅ ÔÈÅ ÉÎПÌÕÅÎÃÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÏÎ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÂÙ ÅÖÁÌÕÁÔÉÎÇ ÔÈÅ 

ÉÎÔÅÒÁÃÔÉÏÎ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÔÏ ,ÁËÅ -ÁÌÁ×É ×ÁÔÅÒ ÓÔÏÒÁÇÅȢ 

3/ςȡ $ÅÖÅÌÏÐ Á ÍÏÄÅÌ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÎ ÔÈÅ ÔÒÁÎÓÂÏÕÎÄÁÒÙ ,ÁËÅ -ÁÌÁ×É 3ÈÉÒÅ 

2ÉÖÅÒ "ÁÓÉÎȢ 

3/σȡ %ØÐÌÏÒÅ ÃÈÁÎÇÅÓ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ×ÉÔÈÉÎ ÔÈÅ ,ÁËÅ -ÁÌÁ×É 3ÈÉÒÅ 2ÉÖÅÒ "ÁÓÉÎȢ  

21 ςȡ 7ÈÁÔ ÁÒÅ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÉÎ -ÁÌÁ×Éȩ 

3/τȡ %ÖÁÌÕÁÔÅ ÃÕÒÒÅÎÔ ÐÉÔȤÌÁÔÒÉÎÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÒÉÓËÓ ÆÒÏÍ ÐÉÔȤÌÁÔÒÉÎÅ 

ÐÒÏØÉÍÉÔÙ ÕÓÉÎÇ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÄÁÔÁȢ 



υ 
 

3/υȡ $ÅÖÅÌÏÐ Á ÍÏÄÅÌ ÔÏ ÐÒÅÄÉÃÔ ÆÕÔÕÒÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÒÉÓË ÆÒÏÍ ÐÉÔȤ

ÌÁÔÒÉÎÅÓ ÕÎÄÅÒ ÍÕÌÔÉÐÌÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÄÅÖÅÌÏÐÍÅÎÔȢ 

3/φȡ 5ÓÅ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÄÁÔÁ ÔÏ ÅØÐÌÏÒÅ ÄÒÉÖÅÒÓ ÏÆ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÓÕÐÐÌÉÅÓȢ 

υȢφȢχȢφ #ÈÁÌÌÅÎÇÅÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎ ÉÎ -ÁÌÁ×Éȩ 

21σȡ 7ÈÁÔ ÁÒÅ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎ ÉÎ -ÁÌÁ×Éȩ 

3/χȡ %ÖÁÌÕÁÔÅ ÃÕÒÒÅÎÔ ÐÒÏÖÉÓÉÏÎ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÉÎ -ÁÌÁ×Éȟ ÓÐÅÃÉПÉÃÁÌÌÙ ÁÄÄÒÅÓÓÉÎÇ 

ÓÉÇÎÉПÉÃÁÎÔ ÖÁÒÉÁÔÉÏÎ ÉÎ ÅÓÔÉÍÁÔÅÓ ÏÆ ÉÍÐÒÏÖÅÄ ÓÁÎÉÔÁÔÉÏÎ ÁÃÃÅÓÓȢ  

3/ψȡ 0ÒÅÄÉÃÔ ÆÕÔÕÒÅ ÐÒÏÇÒÅÓÓ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÁÎÄ ÅÎÄÉÎÇ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÕÎÄÅÒ 

ÍÕÌÔÉÐÌÅ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÓÃÅÎÁÒÉÏÓȢ 

3/ωȡ %ØÐÌÏÒÅ ÓÁÎÉÔÁÔÉÏÎ ×ÉÔÈÉÎ ÃÏÍÍÕÎÉÔÉÅÓ ÄÅÃÌÁÒÅÄ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÆÒÅÅ ÔÏ ÉÎÖÅÓÔÉÇÁÔÅ 

ÔÈÅ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÏÆ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÅÌÉÍÉÎÁÔÉÏÎȢ 

3/ρπȡ %ÖÁÌÕÁÔÅ ÃÕÒÒÅÎÔ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎ ÅØÐÌÏÒÉÎÇ ÁÃÃÅÓÓ ÔÏ ÈÁÎÄ×ÁÓÈÉÎÇ ÁÓ ×ÅÌÌ ÁÓ 

ÍÅÎÓÔÒÕÁÌ ÈÙÇÉÅÎÅ ÍÁÎÁÇÅÍÅÎÔȢ )ÄÅÎÔÉÆÙ ÂÁÒÒÉÅÒÓ ÔÏ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎȢ  

ρȢςȢτ 3ÏÌÕÔÉÏÎÓ ÆÏÒ 3$'φ 

υȢφȢψȢυ ,ÏÃÁÌ ÓÏÌÕÔÉÏÎÓ ÔÏ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ÍÅÅÔÉÎÇ 3$'ϊ 

21τȡ 7ÈÁÔ ÁÒÅ ÌÏÃÁÌ ÓÏÌÕÔÉÏÎÓ ÔÏ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÃÈÁÌÌÅÎÇÅÓȩ 

3/ρρȡ %ØÐÌÏÒÅ ÔÈÅ ÅØÁÍÐÌÅ ÏÆ ÂÏÒÅÈÏÌÅȤÇÁÒÄÅÎ ÐÅÒÍÁÃÕÌÔÕÒÅ ÁÓ Á ÌÏÃÁÌȤÌÅÖÅÌ ÓÕÓÔÁÉÎÁÂÌÅ 

×ÁÔÅÒ ÕÓÅ ÐÒÁÃÔÉÃÅȢ 3ÐÅÃÉПÉÃÁÌÌÙȟ ÅÖÁÌÕÁÔÅ ×ÈÁÔ ÉÎПÌÕÅÎÃÅÓ ÂÏÔÈ Á×ÁÒÅÎÅÓÓ ÏÆ ÁÄÏÐÔÉÏÎÓȩ 

3/ρςȡ %ØÐÌÏÒÅ ÔÈÅ ÅØÁÍÐÌÅ ÏÆ ÐÉÔȤÌÁÔÒÉÎÅ ÅÍÐÔÙÉÎÇ ÁÓ Á ÌÏÃÁÌ ÅØÁÍÐÌÅ ÏÆ ÓÁÎÉÔÁÔÉÏÎ 

ÍÁÎÁÇÅÍÅÎÔȢ )ÎÖÅÓÔÉÇÁÔÅ ×ÈÅÔÈÅÒ ÐÉÔȤÌÁÔÒÉÎÅ ÅÍÐÔÙÉÎÇ ÂÅ ÕÓÅÄ ÔÏ ÉÍÐÒÏÖÅ ÐÉÔȤÌÁÔÒÉÎÅ 

ÃÏÎÓÔÒÕÃÔÉÏÎ ÑÕÁÌÉÔÙȩ 
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ρȢσ 4ÈÅÓÉÓ ÓÔÒÕÃÔÕÒÅ 

4ÈÉÓ ÔÈÅÓÉÓ ÉÓ ÃÏÍÐÏÓÅÄ ÏÆ ω ÃÈÁÐÔÅÒÓ ÁÎÄ ÁÎ ÁÐÐÅÎÄÉØȢ 4ÈÅ ÃÈÁÐÔÅÒÓ ÁÒÅ ÁÎ ÉÎÔÒÏÄÕÃÔÉÏÎȟ 

ÂÁÃËÇÒÏÕÎÄȟ ÍÅÔÈÏÄÏÌÏÇÙȟ τ ÒÅÓÅÁÒÃÈ ÃÈÁÐÔÅÒÓȟ Á ÄÉÓÃÕÓÓÉÏÎȟ ÁÎÄ ÃÏÎÃÌÕÓÉÏÎÓ ÁÎÄ 

ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓȢ 4ÈÅ τ ÒÅÓÅÁÒÃÈ ÃÈÁÐÔÅÒÓ ÅÁÃÈ ÃÏÎÔÁÉÎ ÐÅÅÒ ÒÅÖÉÅ× ÐÁÐÅÒÓ ɉÐÕÂÌÉÓÈÅÄȟ 

ÓÕÂÍÉÔÔÅÄ ÏÒ ÉÎ ÄÒÁÆÔɊȢ  !Ó ÉÎÄÉÖÉÄÕÁÌ ÐÕÂÌÉÃÁÔÉÏÎÓȟ ÒÅÆÅÒÅÎÃÅÓ ÆÏÒ ÅÁÃÈ ÐÕÂÌÉÃÁÔÉÏÎ ÁÒÅ ÐÒÏÖÉÄÅÄ 

ÁÔ ÔÈÅ ÅÎÄ ÏÆ ÅÁÃÈ ÐÁÐÅÒ ÉÎ ÔÈÅ ÓÔÙÌÅ ÁÐÐÒÏÐÒÉÁÔÅ ÔÏ ÔÈÅ ÊÏÕÒÎÁÌȢ  

#ÈÁÐÔÅÒ ρ ɉÉÎÔÒÏÄÕÃÔÉÏÎɊ ÐÒÏÖÉÄÅÓ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ÔÈÅ ÒÅÓÅÁÒÃÈ ÔÏÐÉÃ ÁÎÄ ÁÉÍ ÏÆ ÔÈÅ ÔÈÅÓÉÓȢ 4ÈÅ 

ÃÈÁÐÔÅÒ ÄÅÔÁÉÌÓ ÈÏ× ÔÈÅ τ ÒÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎÓ ÉÄÅÎÔÉПÉÅÄ ×ÉÌÌ ÂÅ ÁÄÄÒÅÓÓÅÄ ÔÈÒÏÕÇÈ ρς ÓÐÅÃÉПÉÃ 

ÏÂÊÅÃÔÉÖÅÓ ÁÎÄ ÏÕÔÌÉÎÅÓ ÔÈÅ ÓÔÒÕÃÔÕÒÅ ÏÆ ÔÈÅ ÔÈÅÓÉÓȢ  

#ÈÁÐÔÅÒ ς ɉÂÁÃËÇÒÏÕÎÄɊ ÐÒÏÖÉÄÅÓ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÔÈÅ ÔÈÅÓÉÓȟ ÇÉÖÉÎÇ ÉÎÓÉÇÈÔ ÉÎÔÏ ÓÕÓÔÁÉÎÁÂÌÅ 

ÄÅÖÅÌÏÐÍÅÎÔ ÇÏÁÌ φ ɉÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÔÈÅ ÐÒÅÖÉÏÕÓ ÍÉÌÌÅÎÎÉÕÍ ÄÅÖÅÌÏÐÍÅÎÔ ÇÏÁÌÓ ÁÎÄ ×ÉÔÈÉÎ 

ÔÈÅ ÓÅÔÔÉÎÇ ÏÆ ÔÈÅ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ ÇÏÁÌÓɊȢ 4ÈÅ ÃÈÁÐÔÅÒ ÔÈÅÎ ÐÒÏÖÉÄÅÓ ÂÁÃËÇÒÏÕÎÄ ÔÏ ÔÈÅ 

ÓÔÕÄÙ ÃÏÎÔÅØÔ ÏÆ -ÁÌÁ×Éȟ ÓÐÅÃÉПÉÃÁÌÌÙ ÆÏÃÕÓÉÎÇ ÏÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÃÈÁÌÌÅÎÇÅÓ ÉÎ -ÁÌÁ×ÉȢ 

&ÉÎÁÌÌÙȟ ÔÈÅ ÃÈÁÐÔÅÒ ÏÕÔÌÉÎÅÓ ÓÏÍÅ ÏÆ ÔÈÅ ×ÁÙÓ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÈÁÓ ÂÅÅÎ ÕÓÅÄ ÔÏ ÄÅÖÅÌÏÐ 

ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ×ÁÔÅÒȟ ÓÁÎÉÔÁÔÉÏÎȟ ÁÎÄ ÈÙÇÉÅÎÅȢ  

#ÈÁÐÔÅÒ σ ɉÍÅÔÈÏÄÏÌÏÇÙɊ ÐÒÏÖÉÄÅÓ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ÓÏÍÅ ÏÆ ÔÈÅ ÃÏÍÍÏÎÌÙ ÕÓÅÄ ÍÅÔÈÏÄÓ ×ÉÔÈÉÎ 

ÔÈÉÓ ÔÈÅÓÉÓȟ ÇÉÖÉÎÇ ÃÏÎÔÅØÔ ÔÏ ÔÈÅÉÒ ÕÓÅȢ )Ô ÓÈÏÕÌÄ ÂÅ ÎÏÔÅÄ ÔÈÁÔ ÔÈÅ ÐÁÐÅÒÓ ×ÈÉÃÈ ÍÁËÅ ÕÐ ÅÁÃÈ 

ÉÎÄÉÖÉÄÕÁÌ ÒÅÓÅÁÒÃÈ ÃÈÁÐÔÅÒÓ ɉτȤχɊ ÉÎÃÌÕÄÅ ÔÈÅÉÒ Ï×Î ÍÅÔÈÏÄÓ ÓÅÃÔÉÏÎÓȟ ÅØÐÌÁÉÎÉÎÇ ÔÈÅ ÓÐÅÃÉПÉÃ 

ÍÅÔÈÏÄÓ ÕÓÅÄ ÉÎ ÅÁÃÈ ÃÁÓÅȟ ÃÈÁÐÔÅÒ σȟ ÔÈÅÒÅÆÏÒÅȟ  ÐÒÏÖÉÄÅÓ Á ÂÒÏÁÄ ÏÖÅÒÖÉÅ×Ȣ  

#ÈÁÐÔÅÒ τ ÉÓ ÔÈÅ ПÉÒÓÔ ÒÅÓÅÁÒÃÈ ÃÈÁÐÔÅÒ ÁÎÄ ÆÏÃÕÓÅÓ ÏÎ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ×ÁÔÅÒ ÑÕÁÎÔÉÔÙ ×ÉÔÈÉÎ 

-ÁÌÁ×Éȟ ÁÎÓ×ÅÒÉÎÇ 21ρ ÔÈÒÏÕÇÈ 3/ρȟ 3/ςȟ ÁÎÄ 3/σȢ 4ÈÅ ÃÈÁÐÔÅÒ ÃÏÎÓÉÄÅÒÓ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ×ÉÔÈ Á 

ÆÏÃÕÓ ÏÎ ÇÒÏÕÎÄ×ÁÔÅÒȢ 4ÈÅ ÃÏÎÎÅÃÔÉÏÎ ÂÅÔ×ÅÅÎ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÓ ÅÖÁÌÕÁÔÅÄ 

ÕÓÉÎÇ ÔÈÅ ÃÁÓÅ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÔÏÒÁÇÅȢ 4ÈÅ ÃÈÁÐÔÅÒ ÔÈÅÎ ÁÄÄÒÅÓÓÅÓ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÏÆ 

ÌÉÍÉÔÅÄ ÄÁÔÁ ÓÕÒÒÏÕÎÄÉÎÇ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÕÐÐÌÉÅÓ ÔÈÒÏÕÇÈ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ Á 

ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌ ÏÆ ÔÈÅ ,ÁËÅ -ÁÌÁ×É 3ÈÉÒÅ 2ÉÖÅÒ "ÁÓÉÎȟ ×ÈÉÃÈ ÉÓ ÕÓÅÄ ÔÏ ÅÖÁÌÕÁÔÅ ÔÈÅ ÓÔÁÔÕÓ ÏÆȟ 



ψ 
 

ÁÎÄ ÃÈÁÎÇÅ ÉÎȟ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅȢ 4ÈÅ ÃÈÁÐÔÅÒ ÅÍÐÈÁÓÉÓÅÓ ÔÈÁÔ ÇÒÏ×ÉÎÇ ÉÎÓÅÃÕÒÉÔÙ 

ÉÎ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÔÈÒÅÁÔÅÎÓ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÂÏÔÈ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ÓÕÒÆÁÃÅ 

×ÁÔÅÒȢ  

#ÈÁÐÔÅÒ υ ÁÄÄÒÅÓÓÅÓ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÔÏ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ×ÉÔÈÉÎ -ÁÌÁ×Éȟ ÁÎÓ×ÅÒÉÎÇ 21ς ÔÈÒÏÕÇÈ 3/τȟ 

3/υȟ ÁÎÄ 3/φȢ 4ÈÅ ÃÈÁÐÔÅÒ ÆÏÃÕÓÅÓ ÏÎ ÆÁÅÃÁÌ ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÄÕÅ ÔÏ ÔÈÅ ÓÉÇÎÉПÉÃÁÎÔ ÂÕÒÄÅÎ 

ÏÆ ×ÁÔÅÒÂÏÒÎÅ ÄÉÓÅÁÓÅ ÉÎ -ÁÌÁ×ÉȢ 4ÈÅ ÒÉÓË ÏÆ ÆÁÅÃÁÌ ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÆÒÏÍ ÐÉÔȤÌÁÔÒÉÎÅ 

ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÉÓ ÈÉÇÈÌÉÇÈÔÅÄ ÁÓ Á ÐÁÒÔÉÃÕÌÁÒ ÁÒÅÁ ÏÆ ÆÏÃÕÓȟ ÄÅÖÅÌÏÐÉÎÇ Á ÎÏÖÅÌ ÍÅÔÈÏÄ ÔÏ ÅÖÁÌÕÁÔÅ 

ÔÈÅ ÒÉÓË ÏÆ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÔÏ ×ÁÔÅÒȤÐÏÉÎÔÓ ÆÒÏÍ ÐÉÔȤÌÁÔÒÉÎÅÓȢ 4ÈÉÓ ÉÓ ÕÓÅÄ ÔÏ ÅØÐÌÏÒÅ ÆÕÔÕÒÅ 

ÐÒÏÊÅÃÔÉÏÎÓ ÏÆ ÒÉÓË ÔÏ ×ÁÔÅÒȤÐÏÉÎÔÓ ÆÒÏÍ ÐÉÔȤÌÁÔÒÉÎÅÓ ÕÎÄÅÒ ÍÕÌÔÉÐÌÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ 

ÇÒÏ×ÔÈ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÐÏÌÉÃÉÅÓȢ 7ÁÔÅÒ ÑÕÁÌÉÔÙ ÄÁÔÁ ÉÓ ÅÖÁÌÕÁÔÅÄ ÔÏ ÉÄÅÎÔÉÆÙ ÔÈÅ ÍÁÊÏÒ ÄÒÉÖÅÒÓ ÏÆ 

ÃÏÎÔÁÍÉÎÁÔÉÏÎ ɉÂÏÔÈ ÍÉÃÒÏÂÉÁÌ ÁÎÄ ÎÕÔÒÉÅÎÔɊ ÉÎ -ÁÌÁ×Éȟ ÉÄÅÎÔÉÆÙÉÎÇ ÓÁÎÉÔÁÔÉÏÎ ÒÅÌÁÔÅÄ 

ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÁÓ ÓÉÇÎÉПÉÃÁÎÔ ÃÁÕÓÅÓ ÏÆ ÃÏÎÔÁÍÉÎÁÔÉÏÎȢ  

#ÈÁÐÔÅÒ φ ÌÅÁÄÓ ÏÎ ÆÒÏÍ ÔÈÅ ÉÄÅÎÔÉПÉÃÁÔÉÏÎ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÁÓ Á ÍÁÊÏÒ ÃÏÎÓÉÄÅÒÁÔÉÏÎ 

ÉÎ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÔÏ ÅØÐÌÏÒÅ -ÁÌÁ×ÉȭÓ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎȢ 3ÐÅÃÉПÉÃÁÌÌÙȟ ÔÈÉÓ ÃÈÁÐÔÅÒ ÅÖÁÌÕÁÔÅÓ 

ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎȟ ÁÎÓ×ÅÒÉÎÇ 21σ ÔÈÒÏÕÇÈ ÁÄÄÒÅÓÓÉÎÇ 3/χȟ 3/ψȟ 

3/ωȟ ÁÎÄ 3/ρπȢ 4ÈÅ ÃÈÁÐÔÅÒ ÉÄÅÎÔÉПÉÅÓ ÍÕÌÔÉÐÌÅ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÂÏÔÈ ÃÕÒÒÅÎÔ ÁÎÄ ÆÕÔÕÒÅ ÓÁÎÉÔÁÔÉÏÎ 

ÁÎÄ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎ ПÉÎÄÉÎÇ ÍÁÊÏÒ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÃÕÒÒÅÎÔ ÓÁÎÉÔÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÁÓ ×ÅÌÌ ÁÓ 

ÒÅÖÅÁÌÉÎÇ ÔÈÅ ÃÕÒÒÅÎÔ ÒÁÔÅ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÔÏ ÂÅ ÉÎÁÄÅÑÕÁÔÅ ÔÏ ÍÅÅÔ ÔÈÅ ÎÅÅÄÓ ÏÆ Á 

ÇÒÏ×ÉÎÇ ÐÏÐÕÌÁÔÉÏÎȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÅ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÏÆ ÓÔÅÐÓ ÔÏ ÅÒÁÄÉÃÁÔÅ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÉÓ 

ÅÖÁÌÕÁÔÅÄ ÒÅÖÅÁÌÉÎÇ Á ÒÅÖÅÒÓÁÌ ÏÆ ÐÒÏÇÒÅÓÓ ÁÎÄ ÓÕÇÇÅÓÔÉÎÇ ÔÈÁÔ Á ÓÈÏÒÔȤÔÅÒÍ ÆÏÃÕÓ ÉÎ ÅÒÁÄÉÃÁÔÉÎÇ 

ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÍÁÙ ÌÉÍÉÔ ÌÏÎÇȤÔÅÒÍ ÓÁÎÉÔÁÒÙ ÐÒÏÖÉÓÉÏÎȢ 2ÅÃÏÇÎÉÓÉÎÇ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ 

ÉÍÐÒÏÖÅÍÅÎÔ ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÉÎ ÔÁÎÄÅÍ ×ÉÔÈ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎȟ ÔÈÅ ÅØÔÅÎÔ ÏÆ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎ ÉÓ 

ÅØÐÌÏÒÅÄ ÃÏÎÓÉÄÅÒÉÎÇ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ÂÏÔÈ ÈÁÎÄ×ÁÓÈÉÎÇ ÁÎÄ ÍÅÎÓÔÒÕÁÌ ÈÙÇÉÅÎÅ ÍÁÎÁÇÅÍÅÎÔȢ  

#ÈÁÐÔÅÒ χ ÆÏÃÕÓÅÓ ÏÎ ÓÏÌÕÔÉÏÎÓ ÔÏ ÓÏÍÅ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÉÄÅÎÔÉПÉÅÄ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓȟ ÁÎÓ×ÅÒÉÎÇ 21τ 

ÔÈÒÏÕÇÈ ÁÃÈÉÅÖÉÎÇ 3/ρρ ÁÎÄ 3/ρςȢ 4ÈÅ ÃÈÁÐÔÅÒ ÄÒÁ×Ó ÏÎ Ô×Ï ÅØÁÍÐÌÅÓ ÏÆ ÌÏÃÁÌ ÌÅÖÅÌ ÓÏÌÕÔÉÏÎÓȟ 

ÅÖÁÌÕÁÔÉÎÇ ÔÈÅ ÃÁÓÅ ÏÆ ÂÏÒÅÈÏÌÅȤÇÁÒÄÅÎ ÐÅÒÍÁÃÕÌÔÕÒÅ ÁÓ Á ÓÏÌÕÔÉÏÎ ÔÏ ÃÈÁÌÌÅÎÇÅÓ ÏÆ ×ÁÔÅÒ 



ω 
 

ÑÕÁÎÔÉÔÙ ÉÄÅÎÔÉПÉÅÄ ÉÎ ÃÈÁÐÔÅÒ τȢ 0ÉÔȤÌÁÔÒÉÎÅ ÅÍÐÔÙÉÎÇ ÉÓ ÁÌÓÏ ÉÎÖÅÓÔÉÇÁÔÅÄ ÁÓ Á ÓÏÌÕÔÉÏÎ ÔÏ 

ÃÈÁÌÌÅÎÇÅÓ ÏÆ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÈÉÇÈÌÉÇÈÔÅÄ ÉÎ ÃÈÁÐÔÅÒÓ υ ÁÎÄ φ 

ÒÅÓÐÅÃÔÉÖÅÌÙȢ "ÁÒÒÉÅÒÓ ÔÏ ÔÈÅ ÁÄÏÐÔÉÏÎ ÏÆ ÂÏÔÈ ÌÏÃÁÌȤÌÅÖÅÌ ÓÏÌÕÔÉÏÎÓ ÁÒÅ ÉÄÅÎÔÉПÉÅÄȢ 

#ÈÁÐÔÅÒ ψ ÄÉÓÃÕÓÓÅÓ ÍÕÌÔÉÐÌÅ ÁÓÐÅÃÔÓ ÏÆ ÔÈÅ ÒÅÓÅÁÒÃÈ ÐÒÅÓÅÎÔÅÄ ÉÎ ÃÈÁÐÔÅÒÓ τȤχȢ 4ÈÅ ÃÈÁÐÔÅÒ 

ÁÄÄÒÅÓÓÅÓ ×ÈÙ Á ÈÏÌÉÓÔÉÃ ÖÉÅ× ÏÆ 3$'φ ÉÓ ÎÅÅÄÅÄ ÔÏ ÁÄÄÒÅÓÓ ÍÕÌÔÉÐÌÅ ÂÁÒÒÉÅÒÓȟ ÉÄÅÎÔÉÆÙ ÉÎÔÅÒ ÁÎÄ 

ÉÎÔÒÁȤÇÏÁÌ ÃÏÎПÌÉÃÔÓ ÁÎÄ ÓÙÎÅÒÇÉÅÓ ×ÉÔÈÉÎ ÁÃÈÉÅÖÉÎÇ 3$'φ ÁÎÄ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔȢ  

#ÈÁÐÔÅÒ ω ÃÏÎÃÌÕÄÅÓ ÔÈÅ ÔÈÅÓÉÓȟ ÐÒÏÖÉÄÉÎÇ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ÔÈÅ ËÅÙ ПÉÎÄÉÎÇÓ ÁÎÄ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÏÆ 

ÔÈÅ ÔÈÅÓÉÓȢ 4ÈÅ ÃÈÁÐÔÅÒ ÐÒÏÖÉÄÅÓ ÓÐÅÃÉПÉÃ ÐÏÌÉÃÙ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÆÒÏÍ ÔÈÅ ÐÁÐÅÒȟ ÍÅÅÔÉÎÇ ÔÈÅ 

ÇÏÁÌ ÏÆ ÉÎÆÏÒÍÉÎÇ ÐÏÌÉÃÙ ÍÁËÅÒ ÁÎÄ ÄÏÎÏÒ ÄÅÃÉÓÉÏÎÓȢ 4ÈÅ ÃÈÁÐÔÅÒ ÃÏÎÃÌÕÄÅÓ ×ÉÔÈ Á ÄÉÓÃÕÓÓÉÏÎ ÏÆ 

ÆÕÔÕÒÅ ÒÅÓÅÁÒÃÈ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓȢ  

4ÈÅ !ÐÐÅÎÄÉØ ÐÒÏÖÉÄÅÓ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ÓÏÍÅ ÏÆ ÔÈÅ ×ÁÙÓ ÉÎ ×ÈÉÃÈ ÔÈÅ ПÉÎÄÉÎÇÓ ÏÆ ÔÈÉÓ ÔÈÅÓÉÓ ÈÁÖÅ 

ÂÅÅÎ ÃÏÍÍÕÎÉÃÁÔÅÄȢ &ÉÒÓÔÌÙȟ ÁÎ ÏÖÅÒÖÉÅ× ÉÓ ÇÉÖÅÎ ÏÆ ÔÈÅ ÂÏÁÒÄÇÁÍÅ Ȭ7ÅÌÌ0ÌÁÃÅÄȭ ×ÈÉÃÈ ÈÁÓ ÂÅÅÎ 

ÄÅÖÅÌÏÐÅÄ ÔÏ ÅØÐÌÏÒÅ ÓÏÍÅ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÒÅÁÃÈÉÎÇ 3$'φ ÄÉÓÃÕÓÓÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓȢ 

3ÅÃÏÎÄÌÙȟ ÁÎ ÁÒÔÉÃÌÅȟ ÃÏÎÓÉÄÅÒÉÎÇ ÓÏÍÅ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÎ -ÁÌÁ×É 

×ÒÉÔÔÅÎ ÆÏÒ Ȭ!ÐÐÒÏÐÒÉÁÔÅ 4ÅÃÈÎÏÌÏÇÙȭ ÉÓ ÐÒÏÖÉÄÅÄ ×ÈÉÃÈ ÆÏÃÕÓÅÓ ÏÎ ÃÏÍÍÕÎÉÃÁÔÉÎÇ ÓÏÍÅ ÏÆ ÔÈÅ 

ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ ÅØÐÌÏÒÅÄ ÉÎ ÔÈÅ ÔÈÅÓÉÓ ÉÎ Á ÆÏÒÍÁÔ ÔÈÁÔ ÉÓ ×ÉÄÅÌÙ ÁÃÃÅÓÓÅÄ ÂÙ 

ÓÔÁËÅÈÏÌÄÅÒÓȢ 

  



ρπ 
 

 

 

 

 

#ÈÁÐÔÅÒ ςȡ "ÁÃËÇÒÏÕÎÄ 
 

Ȱ4ÈÅ ÂÅÇÉÎÎÉÎÇ ÏÆ ËÎÏ×ÌÅÄÇÅ ÉÓ ÔÈÅ ÄÉÓÃÏÖÅÒÙ ÏÆ ÓÏÍÅÔÈÉÎÇ ×Å ÄÏ ÎÏÔ 

ÕÎÄÅÒÓÔÁÎÄȱȢ  

&ÒÁÎË (ÅÒÂÅÒÔȟ υύόυ 

  



ρρ 
 

#ÈÁÐÔÅÒ ςȡ  "ÁÃËÇÒÏÕÎÄ 

 

ςȢρ )ÎÔÒÏÄÕÃÔÉÏÎ 

!ÃÃÅÓÓ ÔÏ ÃÌÅÁÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÁÒÅ ÆÕÎÄÁÍÅÎÔÁÌ ÈÕÍÁÎ ÒÉÇÈÔÓȢ (Ï×ÅÖÅÒȟ ÅÎÓÕÒÉÎÇ 

ÐÒÏÇÒÅÓÓ ÉÎ ÓÕÐÐÌÙÉÎÇ ÃÌÅÁÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÓ Á ÃÈÁÌÌÅÎÇÅȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÉÎ ÒÅÇÉÏÎÓ ÆÁÃÉÎÇ 

ÒÁÐÉÄ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÁÎÄ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÈÁÎÇÅȢ 4ÈÉÓ ÔÈÅÓÉÓ ÄÅÌÖÅÓ ÉÎÔÏ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ 

ÓÏÌÕÔÉÏÎÓ ÆÏÒ ÒÅÁÃÈÉÎÇ 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌ φ ɉ3$'φɊȟ ÃÌÅÁÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÆÏÒ 

ÁÌÌȟ ÉÎ -ÁÌÁ×ÉȢ 4ÈÅ ÔÈÅÓÉÓ ÁÐÐÌÉÅÓ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÔÏ ÅØÐÌÏÒÅ ÔÈÅ ÃÕÒÒÅÎÔ ÓÉÔÕÁÔÉÏÎȟ 

ÉÎÖÅÓÔÉÇÁÔÅ ÔÒÅÎÄÓȟ ÁÎÄ ÓÕÇÇÅÓÔ ÔÈÅ ÆÕÔÕÒÅ ÏÆ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ ×ÉÔÈÉÎ 3$'φȢ 4ÈÅ ×ÏÒË 

ÔÏÕÃÈÅÓ ÏÎ ÁÌÌ ÁÓÐÅÃÔÓ ÏÆ 3$'φȟ ÅØÐÌÏÒÉÎÇ ÄÙÎÁ-)#3 ÉÎ ×ÁÔÅÒȟ ÓÁÎÉÔÁÔÉÏÎȟ ÁÎÄ ÈÙÇÉÅÎÅȢ   

4ÈÉÓ ÃÈÁÐÔÅÒ ÐÒÏÖÉÄÅÓ ÂÁÃËÇÒÏÕÎÄ ÔÏ ÔÈÅ ÁÒÅÁ ÏÆ ÆÏÃÕÓ ÁÎÄ ÔÈÅ ÍÅÔÈÏÄÓ ÕÓÅÄ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓȢ !Î 

ÏÖÅÒÖÉÅ× ÏÆ 3$'φ ÁÎÄ ×ÈÅÒÅ ÉÔ ПÉÔÓ ×ÉÔÈÉÎ ÔÈÅ ×ÉÄÅÒ ÃÏÎÔÅØÔ ÏÆ ÔÈÅ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ 

ÇÏÁÌÓ ÉÓ ÇÉÖÅÎȢ 4ÈÅ ÓÐÅÃÉПÉÃ ÎÁÔÕÒÅ ÏÆ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÍÁÎÁÇÅÍÅÎÔ ÉÎ -ÁÌÁ×É ÉÓ ÔÈÅÎ 

ÅØÐÌÏÒÅÄȟ ÃÏÎÓÉÄÅÒÉÎÇ ÓÏÍÅ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÆÏÒ -ÁÌÁ×ÉȭÓ ÐÁÔÈ ÔÏ 3$'φȢ 4ÈÅ ÃÈÁÐÔÅÒ ÔÈÅÎ 

ÐÒÏÖÉÄÅÓ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇȟ ÇÉÖÉÎÇ ÉÎÓÉÇÈÔ ÉÎÔÏ ÉÔÓ ÐÕÒÐÏÓÅ ÁÎÄ ÈÏ× ÉÔ ÃÁÎ 

ÂÅ ÕÓÅÄ ÔÏ ÄÅÖÅÌÏÐ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 3$'φȢ &ÉÎÁÌÌÙȟ ÒÅПÌÅÃÔÉÎÇ ÏÎ ÁÌÌ ÔÈÅÓÅ ÁÒÅÁÓȟ ÔÈÅ ÃÈÁÐÔÅÒ 

ÉÄÅÎÔÉПÉÅÓ ÓÐÅÃÉПÉÃ ËÎÏ×ÌÅÄÇÅ ÇÁÐÓ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ ÉÎ ÒÅÁÃÈÉÎÇ 3$'φ ÉÎ -ÁÌÁ×ÉȢ  

ςȢς 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌ φ  

&ÏÌÌÏ×ÉÎÇ ÏÎ ÆÒÏÍ ÔÈÅ -ÉÌÌÅÎÎÉÁÌ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌÓ ɉ-$'ÓɊȟ ÅÓÔÁÂÌÉÓÈÅÄ ÉÎ ςπππ ɉÔÏ ÂÅ ÍÅÔ ÉÎ 

ςπρυɊ ɉ5ÎÉÔÅÄ .ÁÔÉÏÎÓȟ ςπρυɊȟ ÔÈÅ 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌÓ ɉ3$'ÓɊ ÓÅÔ ÏÕÔ ÇÌÏÂÁÌ ÁÉÍÓ ÔÏ 

ÂÅ ÒÅÁÃÈÅÄ ÏÖÅÒ ÔÈÅ ÓÕÂÓÅÑÕÅÎÔ ρυȤÙÅÁÒ ÐÅÒÉÏÄ ÔÏ ςπσπ ɉ5. 'ÅÎÅÒÁÌ !ÓÓÅÍÂÌÙȟ ςπρυɊȢ !Ó ×ÉÔÈ 

ÔÈÅ -$'Óȟ ÔÈÅ 3$'Ó ×ÏÒËÅÄ ÔÏ ÏÕÔÌÉÎÅ Á ÇÌÏÂÁÌ ÄÅÖÅÌÏÐÍÅÎÔ ÁÇÅÎÄÁȟ ÇÕÉÄÉÎÇ ÃÏÌÌÁÂÏÒÁÔÉÖÅ 

ÅÆÆÏÒÔÓ ÔÏ ÐÁÖÅ ÔÈÅ ÐÁÔÈ ÆÏÒ Á ÍÏÒÅ ÅÑÕÉÔÁÂÌÅ ÁÎÄ ÓÕÓÔÁÉÎÁÂÌÅ ÆÕÔÕÒÅ ×ÉÔÈ Á ÆÏÃÕÓ ÏÎ ȬÌÅÁÖÉÎÇ ÎÏ 

ÏÎÅ ÂÅÈÉÎÄȭȢ 7ÈÉÌÓÔ ÔÈÅ -$'Ó ÏÕÔÌÉÎÅÄ ψ ÇÏÁÌÓ ÆÏÒ ÇÌÏÂÁÌ ÅÆÆÏÒÔÓȟ ÔÈÅ 3$'Ó ÅØÔÅÎÄÅÄ ÔÈÅÓÅ ÔÏ ρχ 

ÇÏÁÌÓȟ ÐÌÁÃÉÎÇ Á ÐÁÒÔÉÃÕÌÁÒ ÅÍÐÈÁÓÉÓ ÏÎ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÉÎ ÁÌÌ ÁÓÐÅÃÔÓ ÏÆ 



ρς 
 

ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÄÅÖÅÌÏÐÍÅÎÔ ɉ5ÎÉÔÅÄ .ÁÔÉÏÎÓȟ ςπρυɊȢ 4ÈÅ ψ -$'Ó ÁÎÄ ρχ 3$'Ó ÁÒÅ ÓÕÍÍÁÒÉÓÅÄ 

ÉÎ &ÉÇÕÒÅ ςȢρȢ 

 

4ÈÅ -$'Ó ÒÅÃÏÇÎÉÓÅÄ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒȟ ÓÐÅÃÉПÉÃÁÌÌÙ ÏÕÔÌÉÎÉÎÇ ÔÈÅ ÇÏÁÌ ÔÏ 

ȰÈÁÌÖÅ ÔÈÅ ÐÒÏÐÏÒÔÉÏÎ ÏÆ ÐÅÏÐÌÅ ×ÉÔÈÏÕÔ ÓÕÓÔÁÉÎÁÂÌÅ ÁÃÃÅÓÓ ÔÏ ÓÁÆÅ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÁÎÄ ÂÁÓÉÃ 

ÓÁÎÉÔÁÔÉÏÎ ÂÙ ςπρυȱȟ ×ÉÔÈÉÎ -$' χ# ɉ5ÎÉÔÅÄ .ÁÔÉÏÎÓȟ ςπρυɊȢ "Ù ςπρςȟ ÔÈÅ ÃÏÍÐÏÎÅÎÔ ÏÆ ÔÈÉÓ ÇÏÁÌ 

ÒÅÌÁÔÉÎÇ ÔÏ ÓÁÆÅ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÈÁÄ ÂÅÅÎ ÍÅÔȟ ×ÉÔÈ στϷ ÏÆ ÔÈÅ ÇÌÏÂÁÌ ÐÏÐÕÌÁÔÉÏÎ ÒÅÐÏÒÔÅÄ ÔÏ ÕÓÅ 

ÁÎ ÕÎÉÍÐÒÏÖÅÄ ×ÁÔÅÒ ÓÏÕÒÃÅ ÉÎ ρωωπȟ ÆÁÌÌÉÎÇ ÔÏ ÕÎÄÅÒ ρπϷ ÂÙ ςπρυ ɉ5ÎÉÔÅÄ .ÁÔÉÏÎÓȟ ςπρυɊȢ 

&ÉÇÕÒÅ φȢυȡ 4ÈÅ ό -ÉÌÌÅÎÉÕÍ ÄÅÖÅÌÏÐÍÅÎÔ ÇÏÁÌÓ ɉ-$'ÓɊ ÁÎÄ ÓÕÂÓÅÑÕÅÎÔ υϋ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ ÇÏÁÌÓ 

ɉ3$'ϊÓɊȢ )ÍÁÇÅ ÆÏÒ ÔÈÅ 3$'Ó ÆÒÏÍ 5ÎÉÔÅÄ .ÁÔÉÏÎÓ 3$'Ó ÏÎÌÉÎÅ ɉ5ÎÉÔÅÄ .ÁÔÉÏÎÓȟ φτφψɊȢ 



ρσ 
 

(Ï×ÅÖÅÒȟ ÐÒÏÇÒÅÓÓ ÏÎ ÓÁÎÉÔÁÔÉÏÎ ÁÃÃÅÓÓ ÌÁÇÇÅÄȟ ÆÁÉÌÉÎÇ ÔÏ ÈÁÌÖÅ ÔÈÅ ÎÕÍÂÅÒ ÏÆ ÐÅÏÐÌÅ ÐÒÁÃÔÉÓÉÎÇ 

ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÆÒÏÍ ρωωπȤςπρυ ɉ5ÎÉÔÅÄ .ÁÔÉÏÎÓȟ ςπρυɊȢ 

)Ô ×ÁÓ ÏÎÌÙ ×ÉÔÈÉÎ ÔÈÅ 3$'Ó ÔÈÁÔ ÉÍÐÒÏÖÅÍÅÎÔ ÔÏ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ×ÅÒÅ ÌÁÉÄ ÏÕÔ ÁÓ Á ÓÐÅÃÉПÉÃ 

ÁÒÅÁ ÏÆ ÆÏÃÕÓ ×ÉÔÈÉÎ ÔÈÅÉÒ Ï×Î ÇÏÁÌȠ 3$'φ ȬÃÌÅÁÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÆÏÒ ÁÌÌȭȢ 3$' φ ÒÅПÌÅÃÔÓ Á 

ÂÒÏÁÄÅÒ ÁÎÄ ÍÏÒÅ ÁÍÂÉÔÉÏÕÓ ÃÏÍÍÉÔÍÅÎÔ ÔÏ ÅÎÓÕÒÉÎÇ ÕÎÉÖÅÒÓÁÌ ÁÃÃÅÓÓ ÔÏ ÓÁÆÅ ÁÎÄ ÁÆÆÏÒÄÁÂÌÅ 

ÄÒÉÎËÉÎÇ ×ÁÔÅÒȟ ÁÄÅÑÕÁÔÅ ÓÁÎÉÔÁÔÉÏÎȟ ÁÎÄ ÐÒÏÐÅÒ ÈÙÇÉÅÎÅ ÐÒÁÃÔÉÃÅÓ ÂÙ ςπσπ ɉ5. 'ÅÎÅÒÁÌ 

!ÓÓÅÍÂÌÙȟ ςπρυɊȢ )Ô ÂÕÉÌÄÓ ÕÐÏÎ ÔÈÅ ÐÒÏÇÒÅÓÓ ÍÁÄÅ ÕÎÄÅÒ ÔÈÅ -$'Ó ×ÈÉÌÅ ÉÎÃÏÒÐÏÒÁÔÉÎÇ Á ÍÏÒÅ 

ÈÏÌÉÓÔÉÃ ÁÐÐÒÏÁÃÈ ÔÈÁÔ ÅÍÐÈÁÓÉÚÅÓ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙȟ ÉÎÔÅÇÒÁÔÅÄ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÍÁÎÁÇÅÍÅÎÔȟ ÁÎÄ 

ÔÈÅ ÐÒÏÔÅÃÔÉÏÎ ÏÆ ×ÁÔÅÒȤÒÅÌÁÔÅÄ ÅÃÏÓÙÓÔÅÍÓȢ 3$'φ ÉÓ ÂÒÏËÅÎ ÉÎÔÏ ψ ÔÁÒÇÅÔÓ ÅÁÃÈ ×ÉÔÈ ÓÐÅÃÉПÉÃ 

ÉÎÄÉÃÁÔÏÒÓ ÔÏ ÍÏÎÉÔÏÒ ÐÒÏÇÒÅÓÓ ɉ7(/ Ǫ 5.)#%&ȟ ςπςσɊȟ &ÉÇÕÒÅ ςȢςȢ 

4ÈÅ ψ ÇÏÁÌÓ ×ÉÔÈÉÎ 3$'φȟ ÁÎÄ ÔÈÅ ÃÏÎÎÅÃÔÉÏÎÓ ÂÅÔ×ÅÅÎȟ ÔÈÅÍ ÁÒÅ ÓÕÍÍÁÒÉÓÅÄ ÉÎ &ÉÇÕÒÅ ςȢσȢ 4ÈÅ 

ПÉÒÓÔ ÔÁÒÇÅÔ ɉφȢρɊ ÓÐÅÃÉПÉÅÓ ÔÈÅ ÇÏÁÌ ÔÏ ÁÃÈÉÅÖÅ ÕÎÉÖÅÒÓÁÌ ÁÎÄ ÅÑÕÉÔÁÂÌÅ ÁÃÃÅÓÓ ÔÏ ÓÁÆÅ ÁÎÄ 

ÁÆÆÏÒÄÁÂÌÅ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÆÏÒ ÁÌÌ ÂÙ ςπσπȠ 3$'φȢρ ÒÅÃÏÇÎÉÓÅÓ ÔÈÅ ÍÕÌÔÉÐÌÅ ÃÈÁÌÌÅÎÇÅÓ ÏÆ ×ÁÔÅÒ 

ÓÅÃÕÒÉÔÙ ÐÒÏÖÉÓÉÏÎ ÁÔ ÔÈÅ ÉÎÔÅÒÓÅÃÔÉÏÎÁÌÉÔÙ ÏÆ ×ÁÔÅÒ ÑÕÁÎÔÉÔÙ ÑÕÁÌÉÔÙ ÁÎÄ ÁÃÃÅÓÓ ÎÏÔÁÂÌÙ 
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&ÉÇÕÒÅ φȢφȡ 4ÈÅ ό ÔÁÒÇÅÔÓ ×ÉÔÈÉÎ 3$'ϊȢ %ÁÃÈ ÔÁÒÇÅÔ ÈÁÓ ÓÐÅÃÉУÉÃ ÉÎÄÉÃÁÔÏÒÓ ÉÎÔÅÎÔÅÄ ÔÏ ÁÓÓÉÓÔ ÉÎ  ÍÏÎÉÔÏÒÉÎÇ 

ÏÆ  ÐÒÏÇÒÅÓÓȢ 



ρτ 
 

ÒÅÃÏÇÎÉÓÉÎÇ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÏÆ ÅÃÏÎÏÍÉÃ ×ÁÔÅÒ ÉÎÓÅÃÕÒÉÔÙ ɉ3ÅÃËÌÅÒ ÁÎÄ )ÎÔÅÒÎÁÔÉÏÎÁÌ 7ÁÔÅÒ 

-ÁÎÁÇÅÍÅÎÔ )ÎÓÔÉÔÕÔÅȟ ρωωψɊȢ 4ÁÒÇÅÔ φȢς ÒÅÌÁÔÅÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÓÐÅÃÉÆÙÉÎÇ ÔÈÅ ÇÏÁÌ ÔÏ 

ÁÃÈÉÅÖÅ ÁÄÅÑÕÁÔÅ ÁÎÄ ÅÑÕÉÔÁÂÌÅ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÆÏÒ ÁÌÌ ÁÎÄ ÔÏ ÅÎÄ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎȢ 4ÈÅ 

ÔÁÒÇÅÔ ÐÌÁÃÅÓ ÐÁÒÔÉÃÕÌÁÒ ÆÏÃÕÓ ÏÎ ÔÈÅ ÎÅÅÄÓ ÏÆ ×ÏÍÅÎ ÁÎÄ ÇÉÒÌÓ ÁÎÄ ÔÈÏÓÅ ÉÎ ÖÕÌÎÅÒÁÂÌÅ 

ÓÉÔÕÁÔÉÏÎÓ ÅÍÐÈÁÓÉÓÉÎÇ ÃÕÒÒÅÎÔ ÇÅÎÄÅÒ ÉÎÅÑÕÁÌÉÔÙ ÉÎ ÓÁÎÉÔÁÔÉÏÎ ÉÎÓÅÃÕÒÉÔÙ ɉ'ÒÁÎÔ ÅÔ ÁÌȢȟ ςπρχɊȢ 

4ÁÒÇÅÔ φȢσ ÆÏÃÕÓÅÓ ÏÎ ×ÁÔÅÒ ÑÕÁÌÉÔÙȟ ÒÅÃÏÇÎÉÓÉÎÇ ÔÈÅ ÓÉÇÎÉПÉÃÁÎÃÅ ÏÆ ÐÒÅÖÅÎÔÉÎÇ ÃÏÎÔÁÍÉÎÁÔÉÏÎ 

ÆÏÒ ÂÏÔÈ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÐÒÏÖÉÓÉÏÎ ÁÎÄ ÅÃÏÌÏÇÉÃÁÌ ÐÒÏÔÅÃÔÉÏÎȢ 4ÈÅ ÔÁÒÇÅÔ ÆÏÃÕÓÅÓ ÏÎ ÒÅÄÕÃÔÉÏÎ ÏÆ 

ÐÏÌÌÕÔÉÏÎ ÉÎÃÌÕÄÉÎÇ ÆÒÏÍ ÈÁÚÁÒÄÏÕÓ ÃÈÅÍÉÃÁÌÓȟ ÎÏÔÁÂÌÙ ÆÒÏÍ ÉÎÄÕÓÔÒÉÁÌ ÓÏÕÒÃÅÓ ÁÓ ×ÅÌÌ ÁÓ 

×ÁÓÔÅ×ÁÔÅÒȢ 4ÁÒÇÅÔ φȢτ ÅÍÐÈÁÓÉÓÅÓ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÏÆ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÁÎÄ ÔÈÅ ÎÅÅÄ ÆÏÒ ÁÎ ÉÎÃÒÅÁÓÅ 

ÉÎ ×ÁÔÅÒ ÕÓÅ ÅÆПÉÃÉÅÎÃÙȟ ÓÐÅÃÉÆÙÉÎÇ ÔÈÅ ÇÏÁÌ ÔÏ ÉÎÃÒÅÁÓÅ ×ÁÔÅÒ ÕÓÅ ÅÆПÉÃÉÅÎÃÙ ÁÃÒÏÓÓ ÁÌÌ ÓÅÃÔÏÒÓ ÁÎÄ 

ÅÎÓÕÒÅ ÓÕÓÔÁÉÎÁÂÌÅ ×ÉÔÈÄÒÁ×ÁÌÓȢ 4ÈÅ ÔÁÒÇÅÔ ÒÅÓÐÏÎÄÓ ÔÏ ÔÈÅ ÌÁÒÇÅ ÎÕÍÂÅÒ ÏÆ ÐÅÏÐÌÅ ÓÕÆÆÅÒÉÎÇ 

ÆÒÏÍ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÇÌÏÂÁÌÌÙȠ ÉÔ ÉÓ ÅÓÔÉÍÁÔÅÄ ÔÈÁÔ ÏÖÅÒ τ ÂÉÌÌÉÏÎ ÐÅÏÐÌÅ ÅØÐÅÒÉÅÎÃÅ ÓÅÖÅÒÅ ×ÁÔÅÒ 

ÓÃÁÒÃÉÔÙ ÆÏÒ ÁÔ ÌÅÁÓÔ ÏÎÅ ÍÏÎÔÈ ÏÆ ÔÈÅ ÙÅÁÒ ɉ-ÅËÏÎÎÅÎ ÁÎÄ (ÏÅËÓÔÒÁȟ ςπρφɊȢ 4ÁÒÇÅÔÓ φȢυ ÁÎÄ φȢÁ 

ÆÏÃÕÓ ÏÎ ×ÁÔÅÒ ÃÏÏÐÅÒÁÔÉÏÎȠ φȢυ ÆÏÃÕÓÅÓ ÏÎ ÉÍÐÌÅÍÅÎÔÉÎÇ ÉÎÔÅÇÒÁÔÅÄ ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÁÎÄ 

ÆÏÃÕÓÅÓ ÏÎ ÔÒÁÎÓÂÏÕÎÄÁÒÙ ÃÏÏÐÅÒÁÔÉÏÎ ×ÈÉÌÓÔ φȢÁ ÆÏÃÕÓÅÓ ÏÎ ÓÕÐÐÏÒÔÉÎÇ ÄÅÖÅÌÏÐÉÎÇ ÃÏÕÎÔÒÉÅÓ ÉÎ 

×ÁÔÅÒ ÒÅÌÁÔÅÄ ÁÃÔÉÖÉÔÉÅÓ ÁÎÄ ÐÒÏÇÒÁÍÍÅÓȢ 4ÁÒÇÅÔ φȢφ ÐÌÁÃÅÓ Á ÈÅÁÖÙ ÅÍÐÈÁÓÉÓ ÏÎ ÔÈÅ ÅÃÏÌÏÇÉÃÁÌ 

ÃÏÍÐÏÎÅÎÔ ÏÆ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÁÎÄ ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÄÅÃÉÓÉÏÎÓ ÉÎ ÂÏÔÈ ÐÒÏÔÅÃÔÉÎÇ ÁÎÄ ÒÅÓÔÏÒÉÎÇ 

×ÁÔÅÒ ÒÅÌÁÔÅÄ ÅÃÏÓÙÓÔÅÍÓȢ &ÉÎÁÌÌÙȟ ÔÁÒÇÅÔ φȢÂ ÆÏÃÕÓÅÓ ÏÎ ÔÈÅ ÓÉÇÎÉПÉÃÁÎÃÅ ÏÆ ÌÏÃÁÌ ÃÏÍÍÕÎÉÔÉÅÓ ÉÎ 

ÐÒÏÇÒÅÓÓ ÔÏ 3$'φ ÓÐÅÃÉÆÙÉÎÇ ÔÈÅ ÇÏÁÌ ÔÏ ÓÕÐÐÏÒÔ ÁÎÄ ÓÔÒÅÎÇÔÈÅÎ ÐÁÒÔÉÃÉÐÁÔÉÏÎ ÆÒÏÍ ÌÏÃÁÌ 

ÃÏÍÍÕÎÉÔÉÅÓ ÉÎ ÉÍÐÒÏÖÉÎÇ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÍÁÎÁÇÅÍÅÎÔȢ  7ÉÔÈÉÎ ÔÈÅÓÅ ψ ÇÏÁÌÓ 3$' φ 

ÁÄÄÒÅÓÓÅÓ ÍÕÌÔÉÐÌÅ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎȢ 7ÈÉÌÓÔ ÔÈÅ ÔÁÒÇÅÔÓ 

×ÉÔÈÉÎ 3$'φ ÁÒÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ ÉÎÄÉÖÉÄÕÁÌ ÇÏÁÌÓ ×ÉÔÈ ÓÐÅÃÉПÉÃ ÉÎÄÉÃÁÔÏÒÓ ÔÏ ÅÎÁÂÌÅ ÐÒÏÇÒÅÓÓ ÔÏ ÂÅ 

ÍÅÁÓÕÒÅÄȟ ÉÔ ÓÈÏÕÌÄ ÂÅ ÅÍÐÈÁÓÉÓÅÄ ÔÈÁÔȟ ÁÓ ×ÉÔÈ ÔÈÅ ÃÁÓÅ ÏÆ ÁÌÌ ÔÈÅ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ 



ρυ 
 

ÇÏÁÌÓȟ ÔÈÅ ÓÐÅÃÉПÉÃ ÇÏÁÌÓ ×ÉÔÈÉÎ 3$'φ ÁÒÅ ÈÉÇÈÌÙ ÉÎÔÅÒ ÉÎÔÅÒÃÏÎÎÅÃÔÅÄȟ ×ÉÔÈ ÐÏÔÅÎÔÉÁÌ ÆÏÒ ÂÏÔÈ 

ÓÙÎÅÒÇÙ ÁÎÄ ÃÏÎПÌÉÃÔȟ ÁÓ ÓÕÍÍÁÒÉÓÅÄ ÉÎ &ÉÇÕÒÅ ςȢσȢ 

 

 

&ÉÇÕÒÅ φȢχȡ 4ÈÅ ÈÉÇÈÌÙ ÉÎÔÅÒÃÏÎÎÅÃÔÅÄ ÎÁÔÕÒÅ ÏÆ 3$'ϊȢ 4ÈÅ ÔÁÒÇÅÔÓ ×ÉÔÈÉÎ 3$'ϊ ÁÒÅ ÒÅÐÒÅÓÅÎÔÅÄ ÂÙ ÃÏÌÏÕÒÅÄ 

ÂÏØÅÓȟ ÒÅÌÁÔÉÎÇ ÔÏ УÉÇÕÒÅ φȢφȟ ÁÎÄ ÃÏÎÎÅÃÔÅÄ ÔÏ ÔÈÅ ÃÅÎÔÒÁÌ 3$'ϊ ÇÏÁÌ ÂÙ  ÂÌÕÅ ÁÒÒÏ×ÓȢ )ÎÄÉÃÁÔÏÒÓ ×ÉÔÈÉÎ 

3$'ϊ ÔÁÒÇÅÔÓ ÁÒÅ ÓÈÏ×Î ÉÎ ÌÉÌÁÃ ×ÉÔÈ ÇÒÅÙ ÓÏÌÉÄ ÁÒÒÏ×ÓȢ !ÒÅÁÓ ÏÆ ÆÏÃÕÓ ɉÂÕÔ ÎÏÔ ÔÁÒÇÅÔÓɊ ÁÒÅ ÉÎ ÇÒÅÙȢ 'ÒÅÙ 

ÄÁÓÈÅÄ ÁÒÒÏ×Ó ÒÅÐÒÅÓÅÎÔ ÃÏÎÎÅÃÔÉÏÎÓ ÂÅÔ×ÅÅÎ 3$'ϊ ÔÁÒÇÅÔÓȢ  



ρφ 
 

ςȢσ 0ÒÏÇÒÅÓÓ ÁÎÄ ÃÈÁÌÌÅÎÇÅÓ ÉÎ 3$'φ ÉÎ -ÁÌÁ×É 

4ÈÉÓ ÔÈÅÓÉÓ ÆÏÃÕÓÅÓ ÏÎ -ÁÌÁ×Éȟ Á ÃÏÕÎÔÒÙ ÓÉÔÕÁÔÅÄ ÉÎ 3ÏÕÔÈȤ%ÁÓÔÅÒÎ !ÆÒÉÃÁȟ &ÉÇÕÒÅ ςȢτȢ -ÁÌÁ×É 

ÃÕÒÒÅÎÔÌÙ ÈÁÓ Á ÐÏÐÕÌÁÔÉÏÎ ÏÆ ςρ ÍÉÌÌÉÏÎȟ ÈÏ×ÅÖÅÒȟ ÔÈÉÓ ÉÓ ÒÁÐÉÄÌÙ ÇÒÏ×ÉÎÇȟ ×ÉÔÈ ÁÎ ÁÎÎÕÁÌ 

ÇÒÏ×ÔÈ ÒÁÔÅ ÏÆ ςȢφϷ  ɉ.0#ȟ ςπςπɊȟ ÉÔ ÉÓ ÁÎÔÉÃÉÐÁÔÅÄ ÔÈÁÔ -ÁÌÁ×ÉȭÓ ÐÏÐÕÌÁÔÉÏÎ ×ÉÌÌ ÉÎÃÒÅÁÓÅ ПÉÖÅȤ

ÆÏÌÄ ÔÈÉÓ ÃÅÎÔÕÒÙ ɉ5ÎÉÔÅÄ .ÁÔÉÏÎÓȟ ςπςπɊȢ 5ÒÂÁÎÉÓÁÔÉÏÎ ÉÓ ÁÌÓÏ ÐÒÅÓÅÎÔÉÎÇ ÁÎÏÔÈÅÒ ÒÁÄÉÃÁÌ 

ÄÅÍÏÇÒÁÐÈÉÃ ÃÈÁÎÇÅȠ ÔÈÅ ÐÅÒÃÅÎÔÁÇÅ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ÌÉÖÉÎÇ ÉÎ ÕÒÂÁÎ ÁÒÅÁÓ ÉÓ ÁÎÔÉÃÉÐÁÔÅÄ ÔÏ 

ÕÎÄÅÒÇÏ Á ÆÏÕÒȤÆÏÌÄ ÉÎÃÒÅÁÓÅ ÏÖÅÒ ÔÈÅ ÎÅØÔ τπ ÙÅÁÒÓȟ ×ÉÔÈ ÔÈÅ ÐÒÏÐÏÒÔÉÏÎ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ÌÉÖÉÎÇ 

ÉÎ ÒÕÒÁÌ ÁÒÅÁÓ ÁÎÔÉÃÉÐÁÔÅÄ ÔÏ ÄÒÏÐ ÆÒÏÍ ψτϷ ÃÕÒÒÅÎÔÌÙ ÔÏ τπϷ ÂÙ ςπφπ ɉ.0#ȟ ςπςπɊȢ 0ÒÏÖÉÄÉÎÇ 

ÁÐÐÒÏÐÒÉÁÔÅ ÈÏÕÓÉÎÇȟ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒ ÐÒÏÖÉÓÉÏÎ ÆÏÒ Á ÇÒÏ×ÉÎÇ ÁÎÄ ÕÒÂÁÎÉÓÉÎÇ ÐÏÐÕÌÁÔÉÏÎ 

×ÉÌÌ ÂÅ Á ÃÈÁÌÌÅÎÇÅȠ ÉÎÁÄÅÑÕÁÔÅ ÈÏÕÓÉÎÇ ÐÒÏÖÉÓÉÏÎ ÃÁÎ ÁÌÒÅÁÄÙ ÂÅ ÓÅÅÎ ÉÎ ÔÈÁÔ φπϷ ÏÆ ÔÈÅ ÃÕÒÒÅÎÔ 

ÕÒÂÁÎ ÐÏÐÕÌÁÔÉÏÎ ÃÕÒÒÅÎÔÌÙ ÒÅÓÉÄÅ ÉÎ ÓÌÕÍ ÁÒÅÁÓ ÏÆÔÅÎ ×ÉÔÈ ÉÎÁÄÅÑÕÁÔÅ ÌÉÖÉÎÇ ÃÏÎÄÉÔÉÏÎÓ ɉ.0#ȟ 

ςπςπɊȢ 

 

ςȢσȢρ 7ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ 

4ÈÅ ÅÃÏÎÏÍÉÃ ÌÁÎÄÓÃÁÐÅ ÏÆ -ÁÌÁ×É ÐÌÁÙÓ Á ÐÉÖÏÔÁÌ ÒÏÌÅ ÉÎ ÁÓÓÅÓÓÉÎÇ ÉÔÓ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ 

ÒÅÓÏÕÒÃÅÓȢ 4ÈÅ ÎÁÔÉÏÎ ÉÓ ÐÒÅÄÏÍÉÎÁÎÔÌÙ ÁÇÒÁÒÉÁÎȟ ×ÉÔÈ ÏÖÅÒ ψπϷ ÏÆ ÉÔÓ ÐÏÐÕÌÁÔÉÏÎ ÅÎÇÁÇÅÄ ÉÎ 

&ÉÇÕÒÅφȢψȡ 4ÈÉÓ ÔÈÅÓÉÓ ÆÏÃÕÓÅÓ ÏÎ -ÁÌÁ×Éȟ ɉÓÈÏ×Î ÉÎ ÏÒÁÎÇÅ ×ÉÔÈÉÎ !ÆÒÉÃÁɊȢ 4ÈÅ ÍÁÊÏÒ 
ÃÉÔÉÅÓ ÁÒÅ ÓÈÏ×Î ÈÅÒÅȢ 



ρχ 
 

ÓÍÁÌÌÈÏÌÄÅÒ ÁÇÒÉÃÕÌÔÕÒÅ ɉ.0#ȟ ςπςπɊȢ !ÇÒÉÃÕÌÔÕÒÅȟ ÌÁÒÇÅÌÙ ÁÓ ÃÒÏÐÌÁÎÄ ɉ,É ÅÔ ÁÌȢȟ ςπςρɊȟ ÏÃÃÕÐÉÅÓ 

φτȢςϷ ÏÆ -ÁÌÁ×ÉȭÓ  ÌÁÎÄ ÁÒÅÁ ɉÁÓ ÏÆ ςπςρɊ ɉ7ÏÒÌÄ "ÁÎËȟ ςπςτɊȢ  !ÌÔÈÏÕÇÈ ÓÍÁÌÌÈÏÌÄÅÒ ÆÁÒÍÅÒÓ 

ÐÒÉÍÁÒÉÌÙ ÒÅÌÙ ÏÎ ÒÁÉÎÆÅÄ ÁÇÒÉÃÕÌÔÕÒÅȟ ÔÈÅÒÅ ÈÁÓ ÂÅÅÎ Á ÓÉÇÎÉПÉÃÁÎÔ ÕÐÓÕÒÇÅ ÉÎ ÓÍÁÌÌÈÏÌÄÅÒ 

ÉÒÒÉÇÁÔÉÏÎȟ ×ÉÔÈ ÁÎ ÅÓÔÉÍÁÔÅÄ υωȟφυυ ÈÅÃÔÁÒÅÓ ÏÆ ÌÁÎÄ ÕÎÄÅÒ ÉÒÒÉÇÁÔÉÏÎ ÉÎ ςπρωȟ ÕÐ ÆÒÏÍ τρȟπυσ 

ÈÅÃÔÁÒÅÓ ÉÎ ςπρφ ɉ#ÈÁÆÕ×Áȟ ςπρχȠ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ ςπρωɊȢ 4ÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É ÈÁÓ 

ÓÐÅÃÉПÉÅÄ ÁÎ ÁÉÍ ÔÏ ÉÎÃÒÅÁÓÅ ÓÍÁÌÌÈÏÌÄÅÒ ÉÒÒÉÇÁÔÉÏÎ ÁÔ Á ςϷ ÁÎÎÕÁÌ ÒÁÔÅ ÁÌÔÈÏÕÇÈ ÁÃÔÕÁÌ ÇÒÏ×ÔÈ 

ÈÁÓ ÏÎÌÙ ÂÅÅÎ ÁÔ Á ρϷ ÒÁÔÅ ÓÉÎÃÅ ςππτ ɉ7ÉÙÏ ÁÎÄ -ÔÅÔÈÉ×Áȟ ςπρψɊȢ 3ÕÃÈ ÅØÐÁÎÓÉÏÎ ÏÆ 

ÓÍÁÌÌÈÏÌÄÅÒ ÉÒÒÉÇÁÔÉÏÎ ×ÉÌÌ ÐÌÁÃÅ ÁÎ ÉÎÃÒÅÁÓÉÎÇ ÄÅÍÁÎÄ ÏÎ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ !ÌÏÎÇÓÉÄÅ 

ÉÎÔÅÎÓÉПÉÃÁÔÉÏÎ ÏÆ ÓÍÁÌÌ ÈÏÌÄÅÒ ÁÇÒÉÃÕÌÔÕÒÅȟ ÐÌÁÎÎÅÄ ÃÏÍÍÅÒÃÉÁÌ ÁÇÒÉÃÕÌÔÕÒÁÌ ÉÎÔÅÎÓÉПÉÃÁÔÉÏÎ 

ÐÒÏÊÅÃÔÓ ɉ%2-ȟ ςπρσȠ 3!'#/4ȟ ςπςτɊ ÁÒÅ ÐÏÉÓÅÄ ÔÏ ÅØÁÃÅÒÂÁÔÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÐÒÅÓÓÕÒÅȢ 

-ÁÌÁ×ÉͻÓ ÈÅÁÖÙ ÒÅÌÉÁÎÃÅ ÏÎ ÁÇÒÉÃÕÌÔÕÒÅ ÒÅÎÄÅÒÓ ÉÔÓ ÅÃÏÎÏÍÙ ÁÎÄ ÐÏÐÕÌÁÃÅ ÐÁÒÔÉÃÕÌÁÒÌÙ 

ÓÕÓÃÅÐÔÉÂÌÅ ÔÏ ÃÌÉÍÁÔÉÃ ÄÉÓÔÕÒÂÁÎÃÅÓȢ -ÏÒÅÏÖÅÒȟ ÁÓ ÏÎÅ ÏÆ ÔÈÅ ×ÏÒÌÄͻÓ ÐÏÏÒÅÓÔ ÃÏÕÎÔÒÉÅÓȟ ×ÉÔÈ 

ÏÖÅÒ χπϷ ÏÆ ÉÔÓ ÐÏÐÕÌÁÔÉÏÎ ÌÉÖÉÎÇ ÂÅÌÏ× ÔÈÅ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÐÏÖÅÒÔÙ ÌÉÎÅ ÏÆ ΑςȢρυ ÐÅÒ ÄÁÙ 

ɉ7ÏÒÌÄÂÁÎËȟ ςπςτɊȟ ÅÃÏÎÏÍÉÃ ÃÏÎÓÔÒÁÉÎÔÓ ÌÉÍÉÔ -ÁÌÁ×ÉͻÓ ÁÂÉÌÉÔÙ ÔÏ ÉÎÖÅÓÔ ÉÎ ÃÌÉÍÁÔÅȤÒÅÓÉÌÉÅÎÔ 

ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȢ  

)Î ÁÄÄÉÔÉÏÎ ÔÏ ÔÈÅ ÉÍÐÌÉÃÁÔÉÏÎÓ ÏÆ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÏÎ ÁÇÒÉÃÕÌÔÕÒÅ ÁÎÄ ÅÃÏÎÏÍÉÃ ÄÅÖÅÌÏÐÍÅÎÔȟ 

ÅØÔÒÅÍÅ ×ÅÁÔÈÅÒ ÅÖÅÎÔÓ ÈÁÖÅ ÓÉÇÎÉПÉÃÁÎÔ ÃÏÎÓÅÑÕÅÎÃÅÓ ÆÏÒ ÃÌÅÁÎ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÁÃÃÅÓÓ ÉÎ 

ÁÃÈÉÅÖÉÎÇ 3$'φȢρȢ #ÕÒÒÅÎÔÌÙȟ ψςϷ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ÌÁÃË ÁÃÃÅÓÓ ÔÏ ÓÁÆÅÌÙ ÍÁÎÁÇÅÄ ÄÒÉÎËÉÎÇ 

×ÁÔÅÒ ɉ5.ȟ ςπςσɊ ÐÌÁÃÉÎÇ -ÁÌÁ×É ÂÅÌÏ× ÔÈÅ 3ÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁÎ ÁÖÅÒÁÇÅ ÏÆ σρϷ ÏÆ ÔÈÅ 

ÐÏÐÕÌÁÔÉÏÎ ÈÁÖÉÎÇ ÓÁÆÅÌÙ ÍÁÎÁÇÅÄ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÁÃÃÅÓÓ ɉ5.ȟ ςπςσɊȢ 'ÒÏÕÎÄ×ÁÔÅÒ ÉÓ Á ÃÅÎÔÒÁÌ 

ÃÏÍÐÏÎÅÎÔ ÏÆ -ÁÌÁ×ÉȭÓ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÓÕÐÐÌÉÅÓȟ ÕÓÅÄ ÁÓ ÔÈÅ ÍÁÉÎ ÓÏÕÒÃÅ ÏÆ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÂÙ 

ÏÖÅÒ ψπϷ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ɉ'ÒÁÈÁÍ Ǫ 0ÏÌÉÚÚÏÔÔÏȟ ςπρσɊȠ ÂÏÒÅÈÏÌÅÓ ÁÎÄ ÔÕÂÅ ×ÅÌÌÓ ÃÏÍÐÒÉÓÅ 

φτϷ ÏÆ ÔÈÅ ÉÍÐÒÏÖÅÄ ÓÏÕÒÃÅÓ ÏÆ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÉÎ ÔÈÅ ÃÏÕÎÔÒÙ ɉ.3/ȟ ςπςρɊȢ #ÏÎÔÁÍÉÎÁÔÉÏÎ ÉÓ Á 

ÍÁÊÏÒ ÉÓÓÕÅ ÆÏÒ ÔÈÅ ÐÒÏÖÉÓÉÏÎ ÏÆ ÃÌÅÁÎ ÄÒÉÎËÉÎÇ ×ÁÔÅÒȠ φπϷ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ÒÅÌÉÅÓ ÏÎ ÄÒÉÎËÉÎÇ 

×ÁÔÅÒ ÓÏÕÒÃÅÓ ÃÏÎÔÁÉÎÉÎÇ ÍÅÁÓÕÒÁÂÌÅ %Ȣ ÃÏÌÉȟ ÆÁÉÌÉÎÇ ÔÏ ÍÅÅÔ 7(/ ÇÕÉÄÅÌÉÎÅÓ ÆÏÒ ÓÁÆÅ ÄÒÉÎËÉÎÇ 

×ÁÔÅÒ ɉ.3/ȟ ςπςρɊȢ )ÎÃÒÅÁÓÅÓ ÉÎ %ȢÃÏÌÉ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÏÆ ÂÏÒÅÈÏÌÅÓ ÈÁÖÅ ÂÅÅÎ ÒÅÐÏÒÔÅÄ ÆÏÌÌÏ×ÉÎÇ 

ÅØÔÒÅÍÅ ×ÅÁÔÈÅÒ ÅÖÅÎÔÓȟ ÎÏÔÁÂÌÙ ПÌÏÏÄÉÎÇ ÉÎ ÔÈÅ ÁÆÔÅÒÍÁÔÈ ÏÆ ÃÙÃÌÏÎÅ )ÄÁÉ ɉ2ÉÖÅÔÔ ÅÔ ÁÌȢȟ ςπρωɊȟ 



ρψ 
 

ÐÏÓÉÎÇ Á ÃÏÎÃÅÒÎ ÆÏÒ ÆÕÔÕÒÅ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÕÎÄÅÒ ÁÎ ÉÎÃÒÅÁÓÅÄ ÆÒÅÑÕÅÎÃÙ ÁÎÄ ÉÎÔÅÎÓÉÔÙ ÏÆ ÅØÔÒÅÍÅ 

×ÅÁÔÈÅÒ ɉ:ÅÕÆÁÃË ÅÔ ÁÌȢȟ ςπςρɊȢ -ÁÌÁ×É ÈÁÓ ÁÌÒÅÁÄÙ ×ÉÔÎÅÓÓÅÄ ÁÎ ÉÎÃÒÅÁÓÅÄ ÆÒÅÑÕÅÎÃÙ ÏÆ ÅØÔÒÅÍÅ 

×ÅÁÔÈÅÒ ÅÖÅÎÔÓȟ ÎÏÔÁÂÌÙ ПÌÏÏÄÉÎÇȟ Á ÓÔÏÒÙ ÅÃÈÏÅÄ ÁÃÒÏÓÓ ÍÕÃÈ ÏÆ 3ÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁ ×ÈÅÒÅ 

ÔÈÅÒÅ ÈÁÓ ÂÅÅÎ Á ρπȤÆÏÌÄ ÉÎÃÒÅÁÓÅ ÉÎ ÔÈÅ ÎÕÍÂÅÒ ÏÆ ПÌÏÏÄÓ ÒÅÌÁÔÉÖÅ ÔÏ ρωχπȤρωχω ɉ:ÅÕÆÁÃË ÅÔ ÁÌȢȟ 

ςπςρɊȢ 5ÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÅ ÒÉÓËÓ ÏÆ ÆÁÅÃÁÌ ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ×ÉÌÌ ÂÅ Á ÃÅÎÔÒÁÌ ÃÏÍÐÏÎÅÎÔ ÏÎ 

ÂÕÉÌÄÉÎÇ ÃÌÉÍÁÔÅ ÒÅÓÉÌÉÅÎÃÅ ÁÎÄ ÅÎÓÕÒÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ 3'$φȢ 

-ÁÌÁ×ÉȭÓ ÃÁÐÁÃÉÔÙ ÔÏ ÍÅÅÔ ÄÏÍÅÓÔÉÃ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÒÅÑÕÉÒÅÍÅÎÔÓ ÁÒÅ ÁÌÓÏ ÔÈÒÅÁÔÅÎÅÄ ÂÙ ×ÁÔÅÒ 

ÓÃÁÒÃÉÔÙ ÉÎ ×ÈÉÃÈ ÔÈÅ ÁÍÏÕÎÔ ÏÆ ÆÒÅÓÈ ×ÁÔÅÒ ÁÖÁÉÌÁÂÌÅ ÃÁÎÎÏÔ ÍÅÅÔ ×ÁÔÅÒ ÄÅÍÁÎÄȢ 4ÈÉÓ ÉÓ 

ÃÏÍÍÏÎÌÙ ÓÅÅÎ ÉÎ ÔÈÅ ÃÁÓÅ ÏÆ ÓÅÁÓÏÎÁÌ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ×ÈÅÒÅ ×ÁÔÅÒ ÉÓ ÉÎÁÃÃÅÓÓÉÂÌÅ ÁÔ ÇÉÖÅÎ 

ÐÏÉÎÔÓ ÏÆ ÔÈÅ ÙÅÁÒȢ 7ÉÔÈÉÎ -ÁÌÁ×Éȟ ÁÐÐÒÏØÉÍÁÔÅÌÙ ρπϷ ÏÆ ÂÏÒÅÈÏÌÅÓ ÅØÐÅÒÉÅÎÃÅ ÄÒÙ ÓÅÁÓÏÎ ×ÁÔÅÒ 

ÓÈÏÒÔÁÇÅÓ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπρωɊȢ ! ÈÉÇÈ ÐÒÅÖÁÌÅÎÃÅ ÏÆ ÂÏÒÅÈÏÌÅ ÎÏÎȤÆÕÎÃÔÉÏÎÁÌÉÔÙ ÆÕÒÔÈÅÒ ÈÁÍÐÅÒÓ 

ÄÏÍÅÓÔÉÃ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȟ ÔÈÒÅÁÔÅÎÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φȠ τπϷ ÏÆ ÂÏÒÅÈÏÌÅÓ ÁÒÅ ÐÁÒÔÉÁÌÌÙ ÏÒ 

ÃÏÍÐÌÅÔÅÌÙ ÎÏÎȤÆÕÎÃÔÉÏÎÁÌȟ ÔÈÉÓ ÒÅÐÒÅÓÅÎÔÓ Á ÓÉÇÎÉПÉÃÁÎÔ ÃÏÎÃÅÒÎ ÔÏ ×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙ ɉ+ÁÌÉÎ ÅÔ 

ÁÌȢȟ ςπρωɊȢ 

'ÒÏÕÎÄ×ÁÔÅÒ ÉÓ ÎÏÔ ÏÎÌÙ Á ÖÉÔÁÌ ÒÅÓÏÕÒÃÅ ÆÏÒ -ÁÌÁ×ÉȭÓ ÄÏÍÅÓÔÉÃ ×ÁÔÅÒ ÎÅÅÄÓȟ ÉÔ ÉÓ ÁÌÓÏ ÕÓÅÄ 

×ÉÄÅÌÙ ÉÎ ÁÇÒÉÃÕÌÔÕÒÅ ÁÎÄ ÉÎÄÕÓÔÒÙȢ )Î ÒÕÒÁÌ ÁÒÅÁÓȟ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÃÃÏÕÎÔÓ ÆÏÒ ψςϷ ÏÆ ÄÏÍÅÓÔÉÃȟ 

ÁÇÒÉÃÕÌÔÕÒÁÌȟ ÁÎÄ ÉÎÄÕÓÔÒÉÁÌ ×ÁÔÅÒ ÕÓÅ ɉ#ÈÁÖÕÌÁȟ ςπρςȟ ÁÓ ÃÉÔÅÄ ÉÎ &ÒÁÓÅÒ ÅÔ ÁÌȢȟ ςπςπɊȢ  -ÏÒÅÏÖÅÒȟ 

ÅÖÅÎ ÉÎ ÃÏÎÔÅØÔÓ ×ÈÅÒÅ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÉÓ ÕÔÉÌÉÓÅÄȟ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÒÅ ÄÅÐÅÎÄÅÎÔ ÏÎ 

ÇÒÏÕÎÄ×ÁÔÅÒ ×ÉÔÈ ÔÈÅ ÍÁÊÏÒÉÔÙ ÏÆ ÒÉÖÅÒ ПÌÏ× ÃÏÍÉÎÇ ÆÒÏÍ ÇÒÏÕÎÄ×ÁÔÅÒȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÉÎ ÔÈÅ ÄÒÙ 

ÓÅÁÓÏÎ ×ÈÅÒÅ ÂÁÓÅПÌÏ× ÁÃÃÏÕÎÔÓ ÆÏÒ ωχϷ ÏÆ ÒÉÖÅÒ ПÌÏ× ɉ+ÅÌÌÙ ÅÔ ÁÌȢȟ ςπρωɊȢ 

ςȢσȢς 3ÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ  

3ÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÁÒÅ ÃÅÎÔÒÁÌ ÃÏÍÐÏÎÅÎÔÓ ÏÆ 3$'φȟ ÏÕÔÌÉÎÅÄ ÓÐÅÃÉПÉÃÁÌÌÙ ×ÉÔÈÉÎ 3$'φȢςȢ 

4ÈÅÙ ÁÒÅ ÃÒÉÔÉÃÁÌ ÆÏÒ ÅÎÓÕÒÉÎÇ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÁÎÄ ÐÕÂÌÉÃ ÈÅÁÌÔÈ ÁÎÄ ÁÒÅ ÉÎÔÅÇÒÁÌ ÆÏÒ ÅÃÏÎÏÍÉÃ 

ÇÒÏ×ÔÈ ÁÎÄ ÄÅÖÅÌÏÐÍÅÎÔȢ )Î ςπρς ÉÔ ×ÁÓ ÅÓÔÉÍÁÔÅÄ ÔÈÁÔ -ÁÌÁ×É ÌÏÓÅÓ ÁÎ ÁÖÅÒÁÇÅ ÏÆ Αυχ ÍÉÌÌÉÏÎ 

ÐÅÒ ÙÅÁÒ ÆÒÏÍ ÉÎÁÄÅÑÕÁÔÅ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅȟ ÒÅÐÒÅÓÅÎÔÉÎÇ ÏÖÅÒ ρϷ ÏÆ ÎÁÔÉÏÎÁÌ '$0 

ɉ5.)#%& -ÁÌÁ×Éȟ ςπςτɊȢ 



ρω 
 

%ÓÔÉÍÁÔÅÓ ÒÅÇÁÒÄÉÎÇ ÁÃÃÅÓÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÉÎ -ÁÌÁ×É ÖÁÒÙ ×ÉÄÅÌÙȢ -ÁÌÁ×É ×ÉÔÎÅÓÓÅÄ Á ÓÉÇÎÉПÉÃÁÎÔ 

ÄÅÃÌÉÎÅ ÆÒÏÍ ςχȢχϷ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ÐÒÁÃÔÉÃÉÎÇ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÉÎ ρωως ÔÏ ÃÕÒÒÅÎÔ ÅÓÔÉÍÁÔÅÓ ÏÆ 

φȢχϷ ɉ'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ ςπςρȠ .3/ ÁÎÄ -ÁÃÒÏ )ÎÔÅÒÎÁÔÉÏÎÁÌȟ ρωωτɊȢ  #ÕÒÒÅÎÔÌÙȟ ςρϷ ÏÆ ÔÈÅ 

ÐÏÐÕÌÁÔÉÏÎ ÁÒÅ ÅÓÔÉÍÁÔÅÄ ÔÏ ÈÁÖÅ ÁÃÃÅÓÓ ÔÏ ÓÁÆÅÌÙ ÍÁÎÁÇÅÄ ÓÁÎÉÔÁÔÉÏÎȟ ÊÕÓÔ ÂÅÌÏ× ÔÈÅ ÓÕÂȤ

3ÁÈÁÒÁÎ !ÆÒÉÃÁ ÒÅÇÉÏÎÁÌ ÅÓÔÉÍÁÔÅ ÏÆ ςτϷ ɉ5.ȟ ςπςσɊȢ (Ï×ÅÖÅÒȟ ÔÈÅÒÅ ÁÒÅ ÇÒÅÁÔ ÖÁÒÉÁÔÉÏÎ ÏÆ 

ÅÓÔÉÍÁÔÅÓ ÏÆ ÁÃÃÅÓÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎȠ ÔÈÅ ςπρυȾρφ $(3 ÁÎÄ ÔÈÅ ςπρψ #ÅÎÓÕÓ ÒÅÐÏÒÔÅÄ ÔÈÁÔ υυȢρϷ 

ÁÎÄ φσȢψϷ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ÕÓÅÄ ÉÍÐÒÏÖÅÄ ÓÁÎÉÔÁÒÙ ÆÁÃÉÌÉÔÉÅÓȟ ÒÅÓÐÅÃÔÉÖÅÌÙ ɉ.3/ȟ ςπρψɊȟ 

ÃÏÎÔÒÁÓÔÉÎÇ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É ÁÎÄ 5.)#%& ÅÓÔÉÍÁÔÅÓ ÏÆ συȢςϷ ɉ.0#ȟ ςπςπɊ ÁÎÄ ςτȢςϷ 

ɉ5.)#%& ςπςπɊ ÒÅÓÐÅÃÔÉÖÅÌÙ ÉÎ ςπςπȢ 6ÁÒÉÁÔÉÏÎ ÉÎ ÅÓÔÉÍÁÔÅÓ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÁÃÃÅÓÓȟ ÏÆÔÅÎ ÒÅÓÕÌÔÉÎÇ 

ÆÒÏÍ ÃÈÁÎÇÅÓ ÉÎ ÄÅПÉÎÉÔÉÏÎ ÏÒ ÍÏÎÉÔÏÒÉÎÇ ÍÅÔÒÉÃÓȟ ÈÁÍÐÅÒ ÅÆÆÏÒÔÓ ÔÏ ÅÖÁÌÕÁÔÅ ÔÒÅÎÄÓ ÁÎÄ 

ÐÒÏÇÒÅÓÓȢ 

!Ó ÉÎ ÔÈÅ ÃÁÓÅ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ -ÁÌÁ×ÉȭÓ ÐÒÏÇÒÅÓÓ ÔÏ ÓÅÃÕÒÉÎÇ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÉÓ 

ÈÁÍÐÅÒÅÄ ÂÙ ÔÈÅ ÄÅÍÁÎÄÓ ÏÆ Á ÒÁÐÉÄÌÙ ÇÒÏ×ÉÎÇ ÐÏÐÕÌÁÔÉÏÎ ɉ(ÉÎÔÏÎ ÅÔ ÁÌȢȟ ςπςσɊ ÁÌÏÎÇÓÉÄÅ 

ÃÈÁÌÌÅÎÇÅÓ ÏÆ ÃÌÉÍÁÔÉÃ ÅÖÅÎÔÓȟ ÎÏÔÁÂÌÙ ПÌÏÏÄÉÎÇ ɉ2ÉÖÅÔÔ ÅÔ ÁÌȢȟ ςπςςɊȢ 4ÈÅ ÒÁÐÉÄÌÙ ÇÒÏ×ÉÎÇ 

ÐÏÐÕÌÁÔÉÏÎ ÍÁÙ ÌÉÍÉÔ -ÁÌÁ×ÉȭÓ ÃÁÐÁÃÉÔÙ ÔÏ ËÅÅÐ ÕÐ ×ÉÔÈ ÓÁÎÉÔÁÔÉÏÎ ÒÅÑÕÉÒÅÍÅÎÔÓȟ ÐÏÔÅÎÔÉÁÌÌÙ 

ÒÅÓÕÌÔÉÎÇ ÉÎ ÁÎ ÉÎÃÒÅÁÓÅ ÉÎ ÔÈÅ ÐÅÒÃÅÎÔÁÇÅ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ×ÉÔÈÏÕÔ ÁÃÃÅÓÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÅÖÅÎ ÉÆ 

ÔÈÅÒÅ ÉÓ ÁÎ ÉÎÃÒÅÁÓÅ ÉÎ ÔÈÅ ÁÂÓÏÌÕÔÅ ÎÕÍÂÅÒ ÏÆ ÐÅÏÐÌÅ ×ÉÔÈ ÁÃÃÅÓÓ ÔÏ ÂÁÓÉÃ ÓÁÎÉÔÁÔÉÏÎȢ !Î 

ÉÎÃÒÅÁÓÅ ÉÎ ÔÈÅ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎȟ ÈÁÓ ÁÌÒÅÁÄÙ ÂÅÅÎ ÏÂÓÅÒÖÅÄ ×ÉÔÈ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÒÉÓÉÓÎÇ ÆÒÏÍ 

φȢςϷ ÉÎ ςπρχ ÔÏ φȢχϷ ÉÎ ςπςς ÄÅÓÐÉÔÅ ÏÎÇÏÉÎÇ ÉÎÖÅÓÔÍÅÎÔ ÉÎÔÏ ÅØÐÁÎÄÉÎÇ ÓÁÎÉÔÁÔÉÏÎ 

ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ɉ'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ ςπςρɊȢ )ÎÃÒÅÁÓÅÓ ÉÎ ÔÈÅ ÎÕÍÂÅÒ ÏÆ ÐÅÏÐÌÅ ×ÉÔÈÏÕÔ ÁÃÃÅÓÓ 

ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÓÌÉÐÐÁÇÅ ÉÎ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φ ÎÏÔ ÏÎÌÙ ÃÏÍÅ ÆÒÏÍ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÏÆ ÍÅÅÔÉÎÇ 

ÐÏÐÕÌÁÔÉÏÎ ÒÅÑÕÉÒÅÍÅÎÔÓ ÂÕÔ ÁÒÅ ÁÌÓÏ ÅØÁÃÅÒÂÁÔÅÄ ÂÙ ÃÌÉÍÁÔÉÃ ÅÖÅÎÔÓȢ 0ÉÔȤÌÁÔÒÉÎÅ ÃÏÌÌÁÐÓÅȟ ÏÆÔÅÎ 

ÄÕÅ ÔÏ ÅØÔÒÅÍÅ ÒÁÉÎÆÁÌÌȟ ÐÏÓÅÓ Á ÍÁÊÏÒ ÃÈÁÌÌÅÎÇÅ ÔÏ ÌÏÎÇȤÔÅÒÍ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎȟ ÐÏÔÅÎÔÉÁÌÌÙ 

ÒÅÓÕÌÔÉÎÇ ÉÎ ÐÅÏÐÌÅ ÒÅÔÕÒÎÉÎÇ ÔÏ ÏÐÅÎ ÄÅÆÅÃÁÔÉÏÎ ÁÎÄ ÒÅÖÅÒÓÁÌ ÏÆ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φ ɉ#ÁÖÉÌÌ ÅÔ ÁÌȢȟ 

ςπρυȠ +ÏÕÁÓÓÉ ÅÔ ÁÌȢȟ ςπςσȠ -ÏÓÌÅÒ ÅÔ ÁÌȢȟ ςπρψɊȢ %ÎÓÕÒÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φȢς ÒÅÑÕÉÒÅÓ 

ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ ÔÈÅÓÅ ÄÕÁÌ ÃÈÁÌÌÅÎÇÅÓȢ 



ςπ 
 

(ÙÇÉÅÎÅ ÉÓ ÁÎÏÔÈÅÒ ÃÒÉÔÉÃÁÌ ÃÏÍÐÏÎÅÎÔ ÏÆ ÁÃÈÉÅÖÉÎÇ 3$'φȢςȢ (ÙÇÉÅÎÅ ÅÎÃÏÍÐÁÓÓÅÓ Á ÒÁÎÇÅ ÏÆ 

ÂÅÈÁÖÉÏÕÒÓ ÉÎÃÌÕÄÉÎÇ ÈÁÎÄ×ÁÓÈÉÎÇȟ ÂÁÔÈÉÎÇȟ ÁÎÄ ÍÅÎÓÔÒÕÁÌ ÈÙÇÉÅÎÅ ɉ7(/ ÁÎÄ 5.)#%&ȟ ςπςςɊȢ 

7ÁÔÅÒȟ ÓÁÎÉÔÁÔÉÏÎȟ ÁÎÄ ÈÙÇÉÅÎÅ ÁÒÅ ÉÎÔÒÉÎÓÉÃÁÌÌÙ ÃÏÎÎÅÃÔÅÄȟ ÃÈÁÌÌÅÎÇÅÓ ÁÒÉÓÉÎÇ ÉÎ ÔÈÅ ÐÒÏÖÉÓÉÏÎ ÏÆ 

ÁÎÙ ÏÆ ÔÈÅÓÅ ÁÒÅÁÓ ÔÈÒÅÁÔÅÎ ÔÏ ÕÎÄÅÒÍÉÎÅ ÔÈÅ ÏÔÈÅÒÓȢ (ÁÎÄ×ÁÓÈÉÎÇ ÁÎÄ ÍÅÎÓÔÒÕÁÌ ÈÙÇÉÅÎÅ 

ÍÁÎÁÇÅÍÅÎÔ ɉ-(-Ɋ ÁÒÅ Ô×Ï ÃÅÎÔÒÁÌ ÈÙÇÉÅÎÅ ÐÒÁÃÔÉÃÅÓ ÁÎÄ ÁÒÅÁÓ ÏÆ ÆÏÃÕÓ ÆÏÒ ÁÃÈÉÅÖÉÎÇ ÁÃÃÅÓÓ ÔÏ 

ÁÄÅÑÕÁÔÅ ÈÙÇÉÅÎÅ ×ÉÔÈÉÎ -ÁÌÁ×ÉȢ 9ÅÔ ÄÅÓÐÉÔÅ ÉÔÓ ÃÅÎÔÒÁÌÉÔÙ ×ÉÔÈÉÎ ÐÕÂÌÉÃ ÈÅÁÌÔÈ ÁÎÄ ÁÃÈÉÅÖÉÎÇ 

3$'φȟ ÈÙÇÉÅÎÅ ÁÃÃÅÓÓ ÉÓ ÐÁÒÔÉÃÕÌÁÒÌÙ ÌÏ× ÉÎ -ÁÌÁ×É ×ÉÔÈ ÏÎÌÙ ρπϷ ÏÆ ÈÏÕÓÅÈÏÌÄÓ ÈÁÖÉÎÇ ÁÃÃÅÓÓ 

ÔÏ ÂÁÓÉÃ ÈÙÇÉÅÎÅ ɉÔÈÉÓ ÉÓ ÎÏÔÁÂÌÙ ÌÏ×ÅÒ ÔÈÁÎ ÔÈÅ φχϷ ÏÆ ÈÏÕÓÅÈÏÌÄÓ ×ÉÔÈ ÁÃÃÅÓÓ ÔÏ ÂÁÓÉÃ ÄÒÉÎËÉÎÇ 

×ÁÔÅÒ ÁÎÄ τςϷ ÏÆ ÈÏÕÓÅÈÏÌÄÓ ×ÉÔÈ ÂÁÓÉÃ ÓÁÎÉÔÁÔÉÏÎɊ ɉ5.)#%& -ÁÌÁ×Éȟ ςπρψɊȢ ,ÁÃË ÏÆ ÈÙÇÉÅÎÅ ÉÓ 

ÎÏÔÁÂÌÙ ÈÉÇÈÅÒ ÉÎ ÒÕÒÁÌ ÓÅÔÔÉÎÇÓ ×ÉÔÈ ÌÅÓÓ ÔÈÁÎ ÈÁÌÆ ÁÓ ÍÁÎÙ ÈÏÕÓÅÈÏÌÄÓ ÈÁÖÉÎÇ ÂÁÓÉÃ ÈÙÇÉÅÎÅ 

ÁÃÃÅÓÓ ×ÉÔÈÉÎ ÒÕÒÁÌ ÓÅÔÔÉÎÇÓ ÔÈÁÎ ÕÒÂÁÎ ÓÅÔÔÉÎÇÓ ɉψϷ ÁÎÄ ρψϷ ÁÃÃÅÓÓ ÒÅÓÐÅÃÔÉÖÅÌÙɊ ɉ5.)#%& 

-ÁÌÁ×Éȟ ςπρψɊȢ (ÁÎÄ×ÁÓÈÉÎÇ Á ÉÓ ÐÁÒÔÉÃÕÌÁÒ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÉÎ ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎȟ ÔÈÅ ςπρωȤςπςπ 

.ÁÔÉÏÎÁÌ 5.)#%& -)#3 ÓÕÒÖÅÙ ÁÓÓÅÓÓÅÄ ÈÁÎÄ×ÁÓÈÉÎÇ ÁÃÃÅÓÓȟ ПÉÎÄÉÎÇ ÔÈÁÔ ςυϷ ÏÆ ÈÏÕÓÅÈÏÌÄÓ 

ÈÁÄ ÎÏ ÈÁÎÄ×ÁÓÈÉÎÇ ÆÁÃÉÌÉÔÙ ÁÎÄ ÏÆ ÔÈÏÓÅ ÈÏÕÓÅÈÏÌÄÓ ×ÉÔÈ ÈÁÎÄ×ÁÓÈÉÎÇ ÆÁÃÉÌÉÔÉÅÓȟ ÏÎÌÙ ςψϷ ÈÁÄ 

ÆÁÃÉÌÉÔÉÅÓ ×ÉÔÈ ÓÏÁÐ ÁÎÄ ×ÁÔÅÒ ɉ.3/ȟ ςπςρɊȢ -(- ÉÓ ÁÎÏÔÈÅÒ ÃÒÉÔÉÃÁÌ ÈÙÇÉÅÎÅ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÁÎÄ 

ÏÎÅ ÔÈÁÔ ÉÓ ÐÏÏÒÌÙ ÕÎÄÅÒÓÔÏÏÄ ×ÉÔÈÉÎ -ÁÌÁ×ÉȢ 7ÈÉÌÓÔ ÉÔ ÉÓ ÅÓÔÉÍÁÔÅÄ ÔÈÁÔ ωχȢσϷ ÏÆ ×ÏÍÅÎ ÕÓÅ 

ÁÐÐÒÏÐÒÉÁÔÅ ÍÅÎÓÔÒÕÁÌ ÁÂÓÏÒÂÅÎÔÓ ɉ.3/ȟ ςπςρɊȟ ÃÈÁÌÌÅÎÇÅÓ ÓÔÉÌÌ ÅØÉÓÔ ÉÎ -(- ÉÎÃÌÕÄÉÎÇ 

ÓÔÉÇÍÉÔÉÓÁÔÉÏÎ ɉ6ÁÕÇÈÎ ÅÔ ÁÌȢȟ ςπρσȠ +ÁÍÂÁÌÁ ÅÔ ÁÌȢȟ ςπςπɊȢ 5ÎÄÅÒÓÔÁÎÄÉÎÇ ÂÁÒÒÉÅÒÓ ÔÏ ÈÙÇÉÅÎÅ 

ɉÉÎÃÌÕÄÉÎÇ ÈÁÎÄ×ÁÓÈÉÎÇ ÁÎÄ -(-Ɋ ÎÅÃÅÓÓÉÔÁÔÅÓ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÎÏÔ ÏÎÌÙ ÏÆ ÁÃÃÅÓÓ ÔÏ ÈÙÇÉÅÎÅ 

ÒÅÓÏÕÒÃÅÓ ÂÕÔ ÁÌÓÏ ÐÒÁÃÔÉÃÅȟ ÃÏÎÓÉÄÅÒÉÎÇ ÃÕÌÔÕÒÅ ÁÎÄ ÃÏÎÔÅØÔȢ  

ςȢτ -ÏÄÅÌÌÉÎÇ 3$'φ 

4ÈÉÓ ÔÈÅÓÉÓ ÁÄÏÐÔÓ Á ÒÁÎÇÅ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÔÅÃÈÎÉÑÕÅÓ ÔÏ ÉÎÆÏÒÍ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ -ÁÌÁ×ÉȭÓ 

ÃÕÒÒÅÎÔ ÁÎÄ ÆÕÔÕÒÅ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φȢ )Î ÔÈÉÓ ÓÅÃÔÉÏÎȟ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ×ÈÁÔ ÍÁÔÈÅÍÁÔÉÃÁÌ 

ÍÏÄÅÌÌÉÎÇ ÉÓ ÁÎÄ ÈÏ× ÉÔ ÉÓ ÕÓÅÄ ÉÓ ÐÒÏÖÉÄÅÄ ÁÌÏÎÇÓÉÄÅ ÈÏ× ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÃÁÎ ÂÅ 

ÓÐÅÃÉПÉÃÁÌÌÙ ÁÐÐÌÉÅÄ ÔÏ ÄÅÖÅÌÏÐÉÎÇ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ ÉÎ 3$'φȢ 



ςρ 
 

ςȢτȢρ -ÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÁÎÄ ÉÔÓ ÐÕÒÐÏÓÅ 

/ÎÅ ÏÆ ÔÈÅ ÍÏÓÔ ÖÁÌÕÁÂÌÅ ÁÔÔÒÉÂÕÔÅÓ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÉÓ ÉÔÓ ÃÁÐÁÃÉÔÙ ÔÏ ÃÏÎÃÅÐÔÕÁÌÉÓÅ 

ÃÏÍÐÌÅØ ÓÃÅÎÁÒÉÏÓ ÁÎÄ ÐÒÏÂÌÅÍÓȢ 4ÈÅÓÅ ÁÒÅ ÏÆÔÅÎ ÁÐÐÌÉÅÄ ÔÏ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ȬÒÅÁÌȤ×ÏÒÌÄȭ 

ÓÃÅÎÁÒÉÏÓȟ ÐÒÏÖÉÄÉÎÇ ÓÉÍÐÌÉПÉÅÄ ÏÒ ÁÂÓÔÒÁÃÔÅÄ ÓÕÍÍÁÒÉÓÅÓ ÏÆ ÔÈÅ ×ÏÒÌÄ ÁÒÏÕÎÄ ÕÓȠ ÁÓ ÄÅÓÃÒÉÂÅÄ 

ÂÙ (ÁÉÎÅÓ ÁÎÄ #ÒÏÕÃÈȟ ςππχȟ  Ȭ! ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌ ÉÓ Á ÃÙÃÌÉÃÁÌ ÐÒÏÃÅÓÓ ÉÎ ×ÈÉÃÈ ÒÅÁÌȤÌÉÆÅ 

ÐÒÏÂÌÅÍÓ ÁÒÅ ÁÂÓÔÒÁÃÔÅÄȟ ÍÁÔÈÅÍÁÔÉÓÅÄȟ ÓÏÌÖÅÄ ÁÎÄ ÅÖÁÌÕÁÔÅÄȭ ɉ(ÁÉÎÅÓ ÁÎÄ #ÒÏÕÃÈȟ ςππχɊȢ  

3ÉÍÉÌÁÒÌÙȟ 6ÅÒÓÃÈÁÆÆÅÌ ÅÔ ÁÌȢȟ ÄÅПÉÎÅ Á ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌ ÁÓ ȬÔÈÅ ÁÐÐÌÉÃÁÔÉÏÎ ÏÆ ÍÁÔÈÅÍÁÔÉÃÓ ÔÏ 

ÓÏÌÖÅ ÐÒÏÂÌÅÍ ÓÉÔÕÁÔÉÏÎÓ ÉÎ ÔÈÅ ÒÅÁÌ ×ÏÒÌÄȭ ɉ6ÅÒÓÃÈÁÆÆÅÌ ÅÔ ÁÌȢȟ ςππςɊȢ &ÒÏÍ Á ÄÁÔÁ ÓÃÉÅÎÃÅ 

ÐÅÒÓÐÅÃÔÉÖÅȟ ÔÈÅ ȬÒÅÁÌȤ×ÏÒÌÄȭ ÉÓ ÃÏÎÓÉÄÅÒÅÄ ÍÏÒÅ ÁÓ Á ÄÁÔÁÓÅÔ ÔÏ ÂÅ ÁÎÁÌÙÓÅÄ ÏÒ ÃÏÎÃÅÐÔÕÁÌÉÓÅÄȟ 

ȬÔÈÅ ÇÏÁÌ ÏÆ Á ÍÏÄÅÌ ÉÓ ÔÏ ÐÒÏÖÉÄÅ Á ÓÉÍÐÌÅ ÌÏ×ȤÄÉÍÅÎÓÉÏÎÁÌ ÓÕÍÍÁÒÙ ÏÆ Á ÄÁÔÁÓÅÔȭ ɉ7ÉÃËÈÁÍ 

ÁÎÄ 'ÒÏÌÅÍÕÎÄȟ ςπρχɊȢ  

(Ï×ÅÖÅÒȟ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÓ ÃÁÎ ÇÏ ÂÅÙÏÎÄ ÏÎÌÙ ÒÅÐÒÅÓÅÎÔÉÎÇ ÔÈÅ ȬÒÅÁÌ ×ÏÒÌÄȭȟ ÔÈÅÙ ÃÁÎ ÁÌÓÏ 

ÐÒÏÖÉÄÅ ÉÎÓÉÇÈÔ ÉÎÔÏ ÃÏÎÃÅÐÔÕÁÌ ÓÙÓÔÅÍÓ ÏÒ ×ÁÙÓ ÏÆ ÔÈÉÎËÉÎÇȢ ,ÅÓÈ Ǫ $ÏÅÒÒ ÓÔÒÅÓÓ ÔÈÉÓ ÄÉÓÔÉÎÃÔÉÏÎȟ 

ÎÏÔÉÎÇ ÔÈÁÔ  Ȭ! ÍÏÄÅÌ ÃÏÎÓÉÓÔÓ ÏÆ ÂÏÔÈ ÃÏÎÃÅÐÔÕÁÌ ÓÙÓÔÅÍÓ ÉÎ ÌÅÁÒÎÅÒȭÓ ÍÉÎÄÓ ÁÎÄ ÔÈÅ ÅØÔÅÒÎÁÌ 

ÎÏÔÁÔÉÏÎ ÓÙÓÔÅÍÓ ÏÆ ÔÈÅÓÅ ÓÙÓÔÅÍÓȭɉ,ÅÓÈ Ǫ $ÏÅÒÒȟ ςππσ ÁÓ ÃÉÔÅÄ ÉÎ %ÒÂÁĥ ÅÔ ÁÌȢȟ ςπρτɊȢ 4ÈÉÓ 

ÅÍÐÈÁÓÉÓÅÓ ÔÈÅ ÃÁÐÁÃÉÔÙ ÏÆ ÍÏÄÅÌÓ ÎÏÔ ÏÎÌÙ ÔÏ ÒÅÐÒÅÓÅÎÔ ȬÒÅÁÌ ×ÏÒÌÄȭ ÓÉÔÕÁÔÉÏÎÓ ÂÕÔ 

ÃÏÎÃÅÐÔÕÁÌÉÓÁÔÉÏÎÓ ÁÎÄ ÐÅÒÃÅÐÔÉÏÎÓȢ )Î ÂÏÔÈ ÃÁÓÅÓȟ ÔÈÅ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌ ÉÓ ÔÁËÉÎÇ Á ÃÏÍÐÌÅØ 

ÓÅÔ ÏÆ ÉÎÆÏÒÍÁÔÉÏÎ ÁÎÄ ÐÒÏÖÉÄÉÎÇ Á ÆÒÁÍÅ×ÏÒË ÔÏ ÒÅÐÒÅÓÅÎÔ ÔÈÅ ÒÅÆÅÒÅÎÃÅ ÓÙÓÔÅÍȢ 

/ÔÈÅÒÓ ÅÍÐÈÁÓÉÓÅ ÔÈÅ ÒÏÌÅ ÏÆ ÔÈÅ ÍÏÄÅÌÌÉÎÇ ÐÒÏÃÅÓÓ ÉÔÓÅÌÆ ÏÖÅÒ ÔÈÅ ÍÏÄÅÌ ÐÒÏÄÕÃÅÄȢ ,ÅÓÈ ÁÎÄ 

$ÏÅÒÒ ÈÉÇÈÌÉÇÈÔ ÔÈÅ ÖÁÌÕÅ ÏÆ ÔÈÅ ÐÒÏÃÅÓÓ ÏÆ ÍÏÄÅÌÌÉÎÇ ÁÓ Á ÖÉÔÁÌ ËÎÏ×ÌÅÄÇÅ ÓÔÅÐ ÉÎ ÕÎÄÅÒÓÔÁÎÄÉÎÇ 

ÒÅÁÌ ×ÏÒÌÄ ÓÙÓÔÅÍÓ ȬÄÅÓÃÒÉÐÔÉÏÎÓȟ ÅØÐÌÁÎÁÔÉÏÎÓ ÁÎÄ ÃÏÎÓÔÒÕÃÔÉÏÎÓ ÁÒÅ ÎÏÔ ÓÉÍÐÌÙ ÐÒÏÃÅÓÓÅÓ ÕÓÅÄ 

ÏÎ ÔÈÅ ×ÁÙ ÔÏ ÐÒÏÄÕÃÅ ȰÔÈÅ ÁÎÓ×ÅÒȱȭɉ,ÅÓÈ ÁÎÄ $ÏÅÒÒȟ ςππσɊȢ !Ó ÓÕÃÈȟ ÔÈÅÙ ÃÏÉÎ ÔÈÅ ÔÅÒÍ ȬÍÏÄÅÌ 

ÅÌÉÃÉÔÉÎÇȭ ÐÒÏÃÅÓÓÅÓȟ ÅÍÐÈÁÓÉÓÉÎÇ ÈÏ× ÂÏÔÈ ÔÈÅ ÍÏÄÅÌÌÉÎÇ ÐÒÏÃÅÓÓ ÁÎÄ ÍÏÄÅÌ ÉÔÓÅÌÆ ÓÈÏÕÌÄ ÂÅ 

ÃÏÎÓÉÄÅÒÅÄ ÁÓ ÔÈÅ ÇÏÁÌ ɉ,ÅÓÈ ÁÎÄ $ÏÅÒÒȟ ςππσɊȢ 3ÒÉÒÁÍÁÎ ÅÃÈÏÅÓ ÔÈÅ ÃÁÌÌ ÆÏÒ ÒÅÃÏÇÎÉÓÉÎÇ ÔÈÅ 

ÖÁÌÕÅ ÏÆ ÂÏÔÈ ÔÈÅ ÍÏÄÅÌ ÁÎÄ ÍÏÄÅÌÌÉÎÇ ÐÒÏÃÅÓÓȟ ÁÌÔÈÏÕÇÈ ÓÔÉÌÌ ÒÅÔÁÉÎÓ ÔÈÁÔ ÔÈÅÓÅ ÓÈÏÕÌÄ ÂÅ ÓÅÅÎ 

ÁÓ ÄÉÓÔÉÎÃÔ ÖÁÌÕÅÓȟ ÓÕÇÇÅÓÔÉÎÇ ÔÈÁÔ ȬÍÏÄÅÌÌÉÎÇ ÉÓ ÕÓÅÄ ÔÏ ÒÅÆÅÒ ÔÏ ÔÈÅ ÐÒÏÃÅÓÓÅÓ ÅÍÐÌÏÙÅÄ ÔÏ ÍÏÄÅÌ 



ςς 
 

Á ÐÒÏÂÌÅÍÁÔÉÃ ÓÉÔÕÁÔÉÏÎȢ -ÏÄÅÌ ÒÅÆÅÒÓ ÔÏ ÔÈÅ ÐÒÏÄÕÃÔȟ ÔÙÐÉÃÁÌÌÙ Á ÐÈÙÓÉÃÁÌ ÓÙÍÂÏÌÉÃ ÏÒ ÁÂÓÔÒÁÃÔ 

ÒÅÐÒÅÓÅÎÔÁÔÉÏÎȭ ɉ"ÈÁÒÁÔÈ 3ÒÉÒÁÍÁÎȟ ςππφɊȢ 4ÈÉÓ ÈÉÇÈÌÉÇÈÔÓ ÔÈÅ ÖÁÌÕÅ ÔÈÁÔ ÃÁÎ ÂÅ ÆÏÕÎÄ ÉÎ ÂÏÔÈ 

ÔÈÅ ÍÏÄÅÌ ÃÒÅÁÔÅÄ ÁÎÄ ÔÈÅ ÍÏÄÅÌÌÉÎÇ ÐÒÏÃÅÓÓ ÉÔÓÅÌÆȢ 4ÈÉÓ ÎÅÃÅÓÓÉÔÁÔÅÓ Á ÃÏÎÔÉÎÕÏÕÓ ÆÅÅÄÂÁÃË 

ÐÒÏÃÅÓÓ ÁÎÄ ÃÙÃÌÉÃÁÌ ÐÒÏÃÅÓÓȟ ÁÓ ÓÈÏ×Î ÉÎ &ÉÇÕÒÅ ςȢυ  ɉ(ÁÉÎÅÓ ÅÔ ÁÌȢȟ ςπππɊȢ  

 

&ÉÇÕÒÅ φȢωȡ #ÙÃÌÉÃÁÌ ÍÏÄÅÌ ÓÔÒÕÃÔÕÒÅ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÐÒÏÐÏÓÅÄ ÂÙ (ÁÉÎÅÓ ÅÔ ÁÌȢȟ ɉφτττɊȢ  

7ÈÅÔÈÅÒ ÆÏÃÕÓÉÎÇ ÏÎ ÔÈÅ ÖÁÌÕÅ ÏÆ ÔÈÅ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÓ ÉÔÓÅÌÆ ÏÒ ÔÈÅ ÍÏÄÅÌÌÉÎÇ ÐÒÏÃÅÓÓȟ 

ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÓ ÁÒÅ ÓÉÍÐÌÉУÉÅÄ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎÓ ÏÆ ÃÏÍÐÌÅØ ÓÙÓÔÅÍÓ ÏÒ ÄÁÔÁÓÅÔÓȢ !Ó 

ÓÉÍÐÌÉПÉÅÄ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎÓȟ ÔÈÅÉÒ ×ÏÒÔÈ ÐÅÒÈÁÐÓ ÌÉÅÓ ÍÏÓÔ ÉÎ ÈÏ× ÔÈÅÙ ÁÒÅ ÕÓÅÄȟ ÒÅÃÏÇÎÉÓÉÎÇ ÔÈÅÉÒ 

ÓÈÏÒÔÃÏÍÉÎÇÓȟ ÁÎÄ ÔÁËÉÎÇ ÖÁÌÕÅ ÆÒÏÍ ÂÏÔÈ ÔÈÅ ÍÏÄÅÌÌÉÎÇ ÐÒÏÃÅÓÓȟ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ ÍÏÄÅÌ ÉÔÓÅÌÆȢ 4ÈÅ 

ÖÁÌÕÅ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÐÅÒÈÁÐÓ ÉÓ ÂÅÓÔ ÅÎÃÁÐÓÕÌÁÔÅÄ 'ÅÏÒÇÅ "ÏØȭÓ ÍÕÃÈ ÑÕÏÔÅÄ 

ÅÐÉÇÒÁÍ Ȭ!ÌÌ ÍÏÄÅÌÓ ÁÒÅ ×ÒÏÎÇȟ ÂÕÔ ÓÏÍÅ ÁÒÅ ÕÓÅÆÕÌȭ ɉ"ÏØȟ ρωχωɊȢ 4ÈÅ ÁÒÔ ÏÆ ÍÏÄÅÌÌÉÎÇ ÍÁÙ 

ÔÈÅÒÅÆÏÒÅ ÂÅ ÉÎ ÓÅÐÁÒÁÔÉÎÇ ÏÕÔ ÔÈÅ Ȭ×ÒÏÎÇȭ ÁÎÄ ÔÈÅ ȬÕÓÅÆÕÌȭȢ 

ςȢτȢς -ÏÄÅÌÌÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ×ÁÒÄÓ 3$'φ 

2ÅÃÏÇÎÉÓÉÎÇ ÔÈÅÉÒ ÖÁÌÕÅ ÉÎ ÅØÐÌÁÉÎÉÎÇ ÒÅÁÌ ×ÏÒÌÄ ÐÈÅÎÏÍÅÎÁȟ ПÉÎÄÉÎÇ ÓÏÌÕÔÉÏÎÓȟ ÁÎÄ ÐÒÅÄÉÃÔÉÎÇ 

ÆÕÔÕÒÅ ÓÃÅÎÁÒÉÏÓ ÉÔ ÉÓ ÐÅÒÈÁÐÓ ÕÎÓÕÒÐÒÉÓÉÎÇ ÔÈÁÔ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÈÁÓ ÂÅÅÎ ×ÉÄÅÌÙ 



ςσ 
 

ÁÐÐÌÉÅÄ ÔÏ ÉÎÆÏÒÍ ÐÒÏÇÒÅÓÓ ÔÏ×ÁÒÄÓ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ ɉ3ÉÎÇÈȟ ςπρτɊȢ 4ÈÉÓ ÔÈÅÓÉÓ ÆÏÃÕÓÅÓ 

ÓÐÅÃÉПÉÃÁÌÌÙ ÏÎ ÔÈÅ ÁÐÐÌÉÃÁÔÉÏÎ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÔÏ ÓÔÕÄÙ ÁÓÐÅÃÔÓ ÏÆ 3$'φȢ -ÏÄÅÌÌÉÎÇ 

ÈÁÓ ÂÅÅÎ ÕÓÅÄ ÐÒÅÖÉÏÕÓÌÙ ÔÏ ÅØÐÌÏÒÅ ÁÓÐÅÃÔÓ ÏÆ 3$'φȟ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎȟ ÉÎ ÎÕÍÅÒÏÕÓ 

ÃÏÎÔÅØÔÓ ÁÒÏÕÎÄ ÔÈÅ ×ÏÒÌÄ ɉ'ÅÒÍÁÎÎ ÅÔ ÁÌȢȟ ςπςσȠ -ÉÁÏ ÅÔ ÁÌȢȟ ςπςσȠ 2ÏÙ ÁÎÄ 0ÒÁÍÁÎÉÃËȟ ςπρωɊȢ 

(ÅÒÅȟ Á ÄÉÓÔÉÎÃÔÉÏÎ ÉÓ ÄÒÁ×Î ÂÅÔ×ÅÅÎ ÍÏÄÅÌÓ ÕÓÅÄ ÔÏ ÄÅÖÅÌÏÐ ÃÕÒÒÅÎÔ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÁÎÄ ÔÈÏÓÅ 

×ÈÉÃÈ ÁÉÄ ÉÎ  ÐÒÅÄÉÃÔÉÎÇ ÔÈÅ ÆÕÔÕÒÅ ÏÆ ÐÒÏÇÒÅÓÓ ÔÏ×ÁÒÄÓ 3$'φȢ 

φȢψȢφȢυ -ÏÄÅÌÌÉÎÇ ÃÕÒÒÅÎÔ ÕÎÄÅÒÓÔÁÎÄÉÎÇ 

0ÒÏÇÒÅÓÓ ÔÏ 3$'φ ÉÓ ÒÅÇÕÌÁÒÌÙ ÍÏÎÉÔÏÒÅÄ ÔÏ ÉÎÆÏÒÍ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÐÒÏÇÒÅÓÓȢ 4ÈÅ 5.)#%& ÁÎÄ 

7(/ *ÏÉÎÔ -ÏÎÉÔÏÒÉÎÇ 0ÒÏÇÒÁÍÍÅ ɉ*-0Ɋ ÁÒÅ ÒÅÓÐÏÎÓÉÂÌÅ ÆÏÒ ÇÌÏÂÁÌ ÍÏÎÉÔÏÒÉÎÇ ÅÆÆÏÒÔÓ ÏÆ ÔÁÒÇÅÔÓ 

ÒÅÌÁÔÉÎÇ ÔÏ ×ÁÔÅÒȟ ÓÁÎÉÔÁÔÉÏÎȟ ÁÎÄ ÈÙÇÉÅÎÅȠ ÔÈÅ ÏÒÇÁÎÉÓÁÔÉÏÎÓ ÔÏÇÅÔÈÅÒ ÁÃÔ ÁÓ ÃÕÓÔÏÄÉÁÎ ÁÇÅÎÔÓ ÆÏÒ 

3$'φȢρȟ ÁÎÄ 3$'φȢς ɉ*-0ȟ ςπςτɊȢ $ÁÔÁ ÁÎÁÌÙÓÉÓ ÁÎÄ ÖÉÓÕÁÌÉÓÁÔÉÏÎ ÔÅÃÈÎÉÑÕÅÓ ÁÒÅ ÏÆÔÅÎ ÁÐÐÌÉÅÄ ÔÏ 

ÄÁÔÁ ÃÏÌÌÅÃÔÅÄ ÉÎ ÍÏÎÉÔÏÒÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φȟ ÈÅÌÐÉÎÇ ÔÏ ÒÅÖÅÁÌ ÁÎÄ ÐÁÔÔÅÒÎÓ ÔÒÁÃË ÃÈÁÎÇÅȢ  4ÈÅ 

ÕÓÅ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÃÁÎ ÈÅÌÐ ÔÏ ÏÖÅÒÃÏÍÅ ÌÉÍÉÔÁÔÉÏÎÓ ÉÎ ÔÈÅ ÓÃÏÐÅ ÁÎÄ ÅØÐÌÁÎÁÔÏÒÙ 

ÐÏ×ÅÒ ÏÆ ÍÏÎÉÔÏÒÉÎÇ ÄÁÔÁȟ ÔÈÅÓÅ ÁÒÅ ÆÕÒÔÈÅÒ ÅØÐÌÏÒÅÄ ÈÅÒÅ ×ÉÔÈ ÓÐÅÃÉПÉÃ ÅØÁÍÐÌÅÓ ÏÆ ÔÈÅÉÒ 

ÁÐÐÌÉÃÁÔÉÏÎÓ ÔÏ ÁÓÐÅÃÔÓ ÏÆ 3$'φȢ  

φȢψȢφȢυȢυ -ÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÔÏ УÉÌÌ ÄÁÔÁ ÇÁÐÓ 

-ÏÎÉÔÏÒÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ×ÁÒÄÓ 3$'φ ÃÁÎ ÂÅ ÃÏÓÔÌÙȟ ÔÉÍÅ ÃÏÎÓÕÍÉÎÇȟ ÁÎÄ ÃÈÁÌÌÅÎÇÉÎÇȟ ÐÁÒÔÉÃÕÌÁÒÌÙ 

ÉÎ ÌÏÃÁÔÉÏÎÓ ×ÉÔÈ ÌÉÍÉÔÅÄ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ɉ"ÁÒÚÅÇÁÒ ÅÔ ÁÌȢȟ ςπςσɊȢ -ÏÄÅÌÌÉÎÇ ÁÐÐÒÏÁÃÈÅÓ ÃÁÎ ÂÅ 

ÕÓÅÄ ÔÏ ÅÎÈÁÎÃÅ ÍÏÎÉÔÏÒÉÎÇȟ ÐÒÏÖÉÄÉÎÇ ÉÎÆÅÒÅÎÃÅ ÔÏÏÌÓ ÔÏ ÐÒÅÄÉÃÔ ÐÁÔÔÅÒÎÓ ÉÎ 3$'φ ÔÁÒÇÅÔÓ ÂÙ 

ÍÅÁÓÕÒÉÎÇ ÁÎÄ ÍÏÎÉÔÏÒÉÎÇ ÁÌÔÅÒÎÁÔÉÖÅ ÍÅÔÒÉÃÓ ÏÒ ÔÏ ÐÒÅÄÉÃÔ ÉÎÄÉÃÁÔÏÒÓ ÉÎ ÌÏÃÁÔÉÏÎÓ ×ÈÅÒÅ 

ÍÅÁÓÕÒÅÍÅÎÔÓ ÃÁÎÎÏÔ ÂÅ ÍÁÄÅȢ  

%ØÁÍÐÌÅȡ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÉÎÆÅÒÅÎÃÅ ÔÈÒÏÕÇÈ ÁÒÔÉУÉÃÉÁÌ ÌÅÁÒÎÉÎÇ ÁÐÐÒÏÁÃÈÅÓ 

7ÁÔÅÒ ÑÕÁÌÉÔÙ ÍÏÎÉÔÏÒÉÎÇ ÉÓ ÁÎ ÅØÁÍÐÌÅ ÏÆ ÏÎÅ ÁÒÅÁ ×ÈÅÒÅ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÁÎÄ 

ÉÎÆÅÒÅÎÃÅ ÔÏÏÌÓ ÈÁÖÅ ÂÅÅÎ ÕÓÅÄ ÔÏ ÅÎÈÁÎÃÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÃÕÒÒÅÎÔ ÐÒÏÇÒÅÓÓ ÔÏ×ÁÒÄÓ 

3$'φȢ -ÏÄÅÌÓ ÂÁÓÅÄ ÏÎ ÍÁÃÈÉÎÅ ÌÅÁÒÎÉÎÇ ÁÎÄ ÁÒÔÉПÉÃÉÁÌ ÉÎÔÅÌÌÉÇÅÎÃÅ ÐÒÏÃÅÓÓÅÓ ÈÁÖÅ ÖÁÌÕÅ ÉÎ ÔÈÉÓ 

ПÉÅÌÄ ÔÏ ÐÒÅÄÉÃÔ ÏÖÅÒÁÌÌ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÆÒÏÍ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÉÎÄÉÃÁÔÏÒÓ ɉ"ÁÒÚÅÇÁÒ ÅÔ ÁÌȢȟ ςπςσȠ *ÅÎÁ ÅÔ 



ςτ 
 

ÁÌȢȟ ςπςσȠ -ÅÉ ÅÔ ÁÌȢȟ ςπςςɊȢ 4ÈÉÓ ÉÓ ÐÁÒÔÉÃÕÌÁÒÌÙ ÂÅÎÅПÉÃÉÁÌ ÉÎ ÐÒÅÄÉÃÔÉÎÇ ÉÎÄÉÃÁÔÏÒÓ ÔÈÁÔ ÁÒÅ ÃÏÓÔÌÙ 

ÔÏ ÍÅÁÓÕÒÅ ÉÎȤÓÉÔÕ ȟ ÓÕÃÈ ÁÓ %ȢÃÏÌÉ ÌÅÖÅÌȢ -ÅÁÓÕÒÉÎÇ %ȢÃÏÌÉ ÌÅÖÅÌÓ ÉÓ ÔÉÍÅȤÃÏÎÓÕÍÉÎÇ ÁÎÄ ÏÆÔÅÎ 

ÉÎÖÏÌÖÅÓ ÉÍÐÒÁÃÔÉÃÁÌ ПÉÅÌÄ ÄÁÔÁ ÃÏÌÌÅÃÔÉÏÎ ÐÒÏÃÅÓÓÅÓ ɉ-ÅÉ ÅÔ ÁÌȢȟ ςπςςɊȢ 7ÈÅÒÅ ÌÉÍÉÔÅÄ ÄÁÔÁ ÉÓ 

ÁÖÁÉÌÁÂÌÅȟ ÉÎÄÉÃÁÔÏÒÓ ×ÈÉÃÈ ÒÅÌÁÔÅ ÔÏ ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÖÁÒÉÁÂÌÅÓ ÃÁÎ ÂÅ ÕÓÅÄ ÔÏ ÓÕÇÇÅÓÔ ÌÏÃÁÔÉÏÎÓ 

ÌÉËÅÌÙ ÔÏ ÈÁÖÅ ÐÏÏÒ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÑÕÁÌÉÔÙȢ 4ÈÉÓ ÈÁÓ ÂÅÅÎ ÓÅÅÎ ÉÎ ÔÈÅ ÁÐÐÌÉÃÁÔÉÏÎ ÏÆ ÎÉÇÈÔÔÉÍÅ 

ÌÉÇÈÔÓ ɉ-ÕËÈÅÒÊÅÅ ÅÔ ÁÌȢȟ ςπρωɊ ÁÎÄ ÏÔÈÅÒ ÄÅÖÅÌÏÐÍÅÎÔ ÖÁÒÉÁÂÌÅÓ ɉ"ÒÕÅÄÅÒÌÅ ÁÎÄ (ÏÄÌÅÒȟ ςπρψɊ 

ÔÏ ÁÉÄ ÉÎ ÔÈÅ ÉÄÅÎÔÉПÉÃÁÔÉÏÎ ÏÆ ÁÒÅÁÓ ×ÈÉÃÈ ÁÒÅ ÌÉËÅÌÙ ÔÏ ÈÁÖÅ ÐÏÏÒ ×ÁÔÅÒ ÑÕÁÌÉÔÙȢ !ÒÅÁÓ ÉÄÅÎÔÉПÉÅÄ 

ÃÁÎ ÔÈÅÎ ÂÅ ÕÓÅÄ ÔÏ ÇÕÉÄÅ ПÉÅÌÄ ÄÁÔÁ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÓÕÒÖÅÙÉÎÇ ÅÆÆÏÒÔÓ ×ÈÅÒÅ ÌÉÍÉÔÅÄ ÒÅÓÏÕÒÃÅÓ ÁÒÅ 

ÁÖÁÉÌÁÂÌÅ ÔÏ ÃÏÎÄÕÃÔ ÓÕÃÈ ÁÓÓÅÓÓÍÅÎÔÓȢ 

φȢψȢφȢυȢφ -ÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÔÏ ÅØÐÌÁÉÎ ÄÁÔÁ 

!ÎÏÔÈÅÒ ÌÉÍÉÔÁÔÉÏÎ ÏÆ ÍÏÎÉÔÏÒÉÎÇ 3$'φ ÐÒÏÇÒÅÓÓȟ ÉÓ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÂÁÒÒÉÅÒÓ ÔÏ ÐÒÏÇÒÅÓÓ ÁÎÄ 

ÄÅÖÅÌÏÐÍÅÎÔÓ ÏÆ ÁÐÐÒÏÐÒÉÁÔÅ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȢ -ÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ 

ÔÅÃÈÎÉÑÕÅÓ ÃÁÎ ÁÉÄ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎ ÏÆ ÔÈÅ ÂÁÒÒÉÅÒÓ ÒÅÁÃÈÉÎÇ 3$'φȢ 

%ØÁÍÐÌÅȡ ÓÁÎÉÔÁÔÉÏÎ ÁÃÃÅÓÓ ÁÎÄ ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÄÒÉÖÅÒÓ 

 #ÅÌÅÓÔÅ ÅÔ ÁÌȢȟ ςπςσ ÁÐÐÌÉÅÄ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÔÏ ÕÎÄÅÒÓÔÁÎÄ ÔÈÅ ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÄÒÉÖÅÒÓ ÏÆ 

ÁÃÃÅÓÓ ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÉÎ ÔÈÅ 0ÈÉÌÉÐÐÉÎÅÓȢ !ÐÐÌÉÃÁÔÉÏÎ ÏÆ Á ÃÌÁÓÓÉПÉÃÁÔÉÏÎ ÁÎÄ ÒÅÇÒÅÓÓÉÏÎ ÔÒÅÅ ×ÁÓ 

ÕÓÅÄ ÔÏ ÉÎÖÅÓÔÉÇÁÔÅ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐÓ ÂÅÔ×ÅÅÎ ÓÁÎÉÔÁÔÉÏÎ ÁÃÃÅÓÓȟ ×ÁÔÅÒ ÓÏÕÒÃÅÓ ÁÎÄ ×ÅÁÌÔÈȟ 

ÉÄÅÎÔÉÆÙÉÎÇ ÐÏÖÅÒÔÙ ÌÅÖÅÌÓ ÁÓ Á ÍÁÊÏÒ ÄÒÉÖÅÒ ÏÆ ÐÏÏÒ ÓÁÎÉÔÁÔÉÏÎ ɉ#ÅÌÅÓÔÅ ÅÔ ÁÌȢȟ ςπςσɊȢ 7ÈÉÌÓÔ ÔÈÉÓ 

ÍÁÙ ÎÏÔ ÂÅ Á ÓÕÒÐÒÉÓÉÎÇ ÃÏÎÎÅÃÔÉÏÎȟ ÃÏÍÂÉÎÉÎÇ ÑÕÁÎÔÉÔÁÔÉÖÅ ÉÎÆÅÒÅÎÃÅ ×ÉÔÈ ÑÕÁÌÉÔÁÔÉÖÅ ÄÁÔÁ 

ÓÕÒÒÏÕÎÄÉÎÇ ÐÏÖÅÒÔÙ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÃÁÎ ÅÎÈÁÎÃÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÕÎÄÅÒÌÙÉÎÇ ÆÁÃÔÏÒÓ 

ÉÎПÌÕÅÎÃÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φȢ  

φȢψȢφȢφ -ÏÄÅÌÌÉÎÇ ÆÕÔÕÒÅ ÐÒÅÄÉÃÔÉÏÎÓ 

!ÒÇÕÁÂÌÙȟ ÏÎÅ ÔÈÅ ÍÏÓÔ ÖÁÌÕÁÂÌÅ ÁÐÐÌÉÃÁÔÉÏÎÓ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ 3$'φ ÉÓ ÔÈÅ ÕÓÅ ÏÆ 

ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÓ ÔÏ ÐÒÅÄÉÃÔ ÆÕÔÕÒÅ ÔÒÅÎÄÓ ÁÎÄ ÓÃÅÎÁÒÉÏÓȢ 5ÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÏÆ 

ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÓ ÔÏ ÓÅÒÖÅ ÓÕÃÈ Á ÐÕÒÐÏÓÅ ×ÁÓ ÐÅÒÈÁÐÓ ÂÅÓÔ ÃÈÁÒÁÃÔÅÒÉÓÅÄ ÔÈÒÏÕÇÈ ÔÈÅ 



ςυ 
 

#/6)$ ρω ÐÁÎÄÅÍÉÃ ÉÎ ×ÈÉÃÈ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÏÆ ÉÎÆÅÃÔÉÏÕÓ ÄÉÓÅÁÓÅ ÅÐÉÄÅÍÉÏÌÏÇÙ ×ÁÓ 

ÕÓÅÄ ÔÏ ÉÎÆÏÒÍ ÐÏÌÉÃÙ ÍÁËÉÎÇ ɉ+ÈÏÓÈÎÁ× ÅÔ ÁÌȢȟ ςπςπɊȢ 

%ØÁÍÐÌÅȡ 0ÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÔÏ ÕÎÄÅÒÓÔÁÎÄ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÄÅÍÁÎÄ 

-ÏÄÅÌÌÉÎÇ ÈÁÓ ÂÅÅÎ ÕÓÅÄ ÔÏ ÅØÐÌÏÒÅ ÆÕÔÕÒÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈȟ ÐÒÏÖÉÄÉÎÇ Á 

ÃÏÎÃÅÐÔÕÁÌ ÆÒÁÍÅ×ÏÒË ÆÏÒ ÍÕÌÔÉÐÌÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÁÎÄ ÃÈÁÎÇÅ ÔÈÁÔ ÉÓ ÃÅÎÔÒÁÌ ÔÏ 

ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÐÒÏÇÒÅÓÓ ÔÏ ÁÌÌ 3$'ÓȢ /ÎÅ ÅØÁÍÐÌÅ ÏÆ ÔÈÉÓ ÉÓ ÔÈÅ ÃÁÓÅ ÏÆ ÔÈÅ 3ÈÁÒÅÄ 3ÏÃÉÏÅÃÏÎÏÍÉÃ 

0ÁÔÈ×ÁÙÓ ɉ330ÓɊȟ ÔÈÅÓÅ ÐÒÏÖÉÄÅ ÐÏÓÓÉÂÌÅ ÔÒÁÊÅÃÔÏÒÉÅÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÃÈÁÎÇÅ ÁÎÄ ÓÏÃÉÏÅÃÏÎÏÍÉÃ 

ÄÅÖÅÌÏÐÍÅÎÔȟ &ÉÇÕÒÅÓ ςȢφ ÁÎÄ ςȢχ ɉ2ÉÁÈÉ ÅÔ ÁÌȢȟ ςπρχȠ ,# ÁÎÄ ,ÕÔÚȟ ςπρχɊȢ 4ÈÅ ÐÁÔÈ×ÁÙÓ ÏÕÔÌÉÎÅ υ 

ÐÏÓÓÉÂÌÅ ÓÃÅÎÁÒÉÏÓ ÏÆ 

ÐÏÐÕÌÁÔÉÏÎ ÃÈÁÎÇÅȢ  4ÈÅ 

ÐÁÔÈ×ÁÙÓ ÁÒÅ ÔÙÐÉÃÁÌÌÙ ÃÏÕÐÌÅÄ 

×ÉÔÈ ÁÓÓÏÃÉÁÔÅÄ ÓÃÅÎÁÒÉÏÓ ÏÆ 

ÌÁÎÄ ÕÓÅ ÁÎÄ ÇÒÅÅÎÈÏÕÓÅ ÇÁÓ 

ÅÍÉÓÓÉÏÎÓ ÔÏ ÐÁÉÎÔ Á ÈÏÌÉÓÔÉÃ 

ÐÉÃÔÕÒÅ ÏÆ ÓÏÃÉÅÔÁÌ 

ÄÅÖÅÌÏÐÍÅÎÔ ɉ+ÅÂÅÄÅ ÅÔ ÁÌȢȟ 

ςπρψȠ 2ÉÁÈÉ ÅÔ ÁÌȢȟ ςπρχȢɊȢ 

!ÐÐÌÙÉÎÇ ÓÕÃÈ Á ÓÃÅÎÁÒÉÏȤ

ÂÁÓÅÄ ÆÏÒÍÁÔ ÎÏÔ ÏÎÌÙ ÐÒÏÖÉÄÅÓ ÉÎÓÉÇÈÔ ÉÎÔÏ 

ÐÏÓÓÉÂÌÅ ÆÕÔÕÒÅ ÐÁÔÔÅÒÎÓ ÏÆ ÄÅÖÅÌÏÐÍÅÎÔȟ 

ÐÒÅÄÉÃÔÉÎÇ ÐÏÐÕÌÁÔÉÏÎȟ ÅÄÕÃÁÔÉÏÎ ÁÎÄ ÅÃÏÎÏÍÉÃ ÄÅÖÅÌÏÐÍÅÎÔȟ &ÉÇÕÒÅ ςȢχ ÂÕÔ ÁÌÓÏ ÐÒÏÖÉÄÅÓ Á 

ÓÙÓÔÅÍ ÔÏ ÈÁÎÄÌÅ ÔÈÅ ÓÉÇÎÉПÉÃÁÎÔ ÕÎÃÅÒÔÁÉÎÔÙ ÓÕÒÒÏÕÎÄÉÎÇ ÐÏÐÕÌÁÔÉÏÎ ÁÎÄ ÓÏÃÉÁÌ ÃÈÁÎÇÅȢ 

4ÈÉÓ ÉÓ ÉÎÖÁÌÕÁÂÌÅ ÉÎ ÔÈÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÆÕÔÕÒÅ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÄÅÍÁÎÄ ×ÈÉÃÈ ÉÓ ÎÅÅÄÅÄ 

ÔÏ ÅÎÓÕÒÅ ÃÏÎÓÉÓÔÅÎÔ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φȢ &ÏÒÅÃÁÓÔÓ ÏÆ ÆÕÔÕÒÅ ÄÅÍÁÎÄ ÁÒÅ ÉÍÐÏÒÔÁÎÔ ÉÎ ÄÅÖÅÌÏÐÉÎÇ 

ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÁÓ ÓÕÃÈ ÐÒÏÊÅÃÔÓ ÍÁÙ ÔÁËÅ ÙÅÁÒÓ ÔÏ ÄÅÖÅÌÏÐȟ ÒÅÌÉÁÂÌÅ 

ÐÒÅÄÉÃÔÉÏÎÓ ÏÆ ÆÕÔÕÒÅ ÄÅÍÁÎÄ ÁÒÅ ÔÈÅÒÅÆÏÒÅ ÒÅÑÕÉÒÅÄ ÔÏ ÅÎÓÕÒÅ ÔÈÁÔ ÁÐÐÒÏÐÒÉÁÔÅ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ 

&ÉÇÕÒÅ φȢϊȡ 4ÈÅ ÎÁÒÒÁÔÉÖÅÓ ÏÆ ÔÈÅ ω 330Óȟ ÓÏÕÒÃÅ /ȭ.ÅÉÌÌ ÅÔ ÁÌȢȟ 

φτυϋȢ 



ςφ 
 

ÃÁÎ ÂÅ ÄÅÖÅÌÏÐÅÄ ÉÎ ÁÄÖÁÎÃÅȢ  &ÏÒ ÅØÁÍÐÌÅȟ ÅÖÁÌÕÁÔÉÎÇ ÍÕÌÔÉÐÌÅ 330Ȥ2#0 ÓÃÅÎÁÒÉÏÓ ÔÏ ÃÏÎÓÉÄÅÒ 

ÍÕÌÔÉÐÌÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÃÈÁÎÇÅ ÁÎÄ ÅÃÏÎÏÍÉÃ ÄÅÖÅÌÏÐÍÅÎÔ ÉÎ tÁËÉÓÔÁÎͻÓ 2ÅÃÈÎÁ $ÏÁÂ 

ÒÅÇÉÏÎȟ !ÌÉÚÁÄÅÈ ÅÔ ÁÌȢȟ ςπςς ÐÒÅÄÉÃÔÅÄ ÁÎ ÁÖÅÒÁÇÅ ÇÒÏ×ÔÈ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÄÅÍÁÎÄ ÏÆ ςωȢπφϷ ÂÙ 

ςπσπȟ ÃÏÍÐÁÒÅÄ ÔÏ ςπςς ɉ!ÌÉÚÁÄÅÈ ÅÔ ÁÌȢȟ ςπςςɊȢ "Ù ÅÖÁÌÕÁÔÉÎÇ ÍÕÌÔÉÐÌÅ ÓÃÅÎÁÒÉÏÓȟ ÕÎÃÅÒÔÁÉÎÔÙ ÉÎ 

ÐÏÐÕÌÁÔÉÏÎ ÃÈÁÎÇÅ ÁÎÄ ÅÃÏÎÏÍÉÃ ÄÅÖÅÌÏÐÍÅÎÔ ×ÁÓ ÁÃÃÏÕÎÔÅÄ ÆÏÒȟ ÈÉÇÈÌÉÇÈÔÉÎÇ Á ÇÒÏ×ÉÎÇ 

ÃÈÁÌÌÅÎÇÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÄÅÐÌÅÔÉÏÎ ÉÎ ÁÌÌ ÃÁÓÅÓȟ ÁÎÄ ÅÖÉÄÅÎÃÉÎÇ ÔÈÅ ÎÅÅÄ ÆÏÒ ÐÏÌÉÃÙ ÄÉÒÅÃÔÌÙ 

ÁÄÄÒÅÓÓÉÎÇ ÔÈÉÓ ÃÏÎÃÅÒÎ ɉ!ÌÉÚÁÄÅÈ ÅÔ ÁÌȢȟ ςπςςɊȢ  

!ÎÏÔÈÅÒ ÅØÁÍÐÌÅ ÏÆ ÈÏ× ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÐÒÏÊÅÃÔÉÏÎÓ ÁÒÅ ÃÒÉÔÉÃÁÌ ÔÏ ÄÅÖÅÌÏÐÉÎÇ ÕÎÄÅÒÓÔÁÎÄÉÎÇ 

ÁÎÄ ÓÏÌÕÔÉÏÎÓ ×ÉÔÈÉÎ 7Á3( ÉÓ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÁÐÐÒÏÐÒÉÁÔÅ ÓÅ×ÅÒÁÇÅ ÓÙÓÔÅÍÓȢ /ȄÂÅÒÇ ÅÔ ÁÌȢȟ 

ςπςπ ÉÄÅÎÔÉПÉÅÄ ÔÈÁÔȟ ÏÆ ÔÈÅ φπ ÆÁÓÔÅÓÔȤÇÒÏ×ÉÎÇ ÃÉÔÉÅÓ ÉÎ ÔÈÅ ×ÏÒÌÄȟ ÍÏÓÔ ×ÏÕÌÄ ÎÅÅÄ ÔÏ ÃÏÎÓÔÒÕÃÔ 

ÓÅ×ÅÒ ÓÙÓÔÅÍÓ ÁÔ Á ÒÁÔÅ ÔÈÁÔ ÉÓ ρπ Ȥυπ ÔÉÍÅÓ ÈÉÇÈÅÒ ÔÈÁÎ ÔÈÅ ÈÉÇÈÅÓÔ ÒÁÔÅ ÏÆ ÁÎÙ ÓÅ×ÁÇÅ 

ÃÏÎÓÔÒÕÃÔÉÏÎ ÃÕÒÒÅÎÔÌÙ ÂÅÉÎÇ ÕÎÄÅÒÔÁËÅÎ ɉ/ȄÂÅÒÇ ÅÔ ÁÌȢȟ ςπςπɊȢ 4ÈÉÓ ÒÁÉÓÅÓ ÃÒÉÔÉÃÁÌ Á×ÁÒÅÎÅÓÓ ÏÆ 

ÔÈÅ ÎÅÅÄ ÔÏ ÒÅÃÏÎÓÉÄÅÒ Á ÇÒÏ×ÉÎÇ ÓÁÎÉÔÁÔÉÏÎ ÃÒÉÓÉÓ ÁÎÄ ÅÍÐÈÁÓÉÓÅÓ ÔÈÅ ÒÅÑÕÉÒÅÍÅÎÔ ÆÏÒ ÌÏÎÇȤ

ÔÅÒÍ ÉÎÖÅÓÔÍÅÎÔ ÉÎÔÏ ÓÁÎÉÔÁÔÉÏÎ ÄÅÖÅÌÏÐÍÅÎÔȢ   



ςχ 
 

  

&ÉÇÕÒÅ φȢϋȡ (Ï× ÔÈÅ ω 330 ÐÁÔÈ×ÁÙÓ ÉÎÔÅÒÓÅÃÔ ×ÉÔÈ ÄÉÆÆÅÒÅÎÔ ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÐÁÒÁÍÅÔÅÒÓ ÏÆ 

ÐÏÐÕÌÁÔÉÏÎȟ ÅÄÕÃÁÔÉÏÎȟ ÕÒÂÁÎÉÓÁÔÉÏÎȟ ÁÎÄ '$0Ȣ 3ÏÕÒÃÅ 2ÉÁÈÉ ÅÔ ÁÌȢȟ φτυϋȢ 



ςψ 
 

ςȢτȢσ (ÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ  

7ÉÔÈÉÎ ÔÈÅ ÓÐÈÅÒÅ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÍÁÎÁÇÅÍÅÎÔȟ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÁÒÅ ×ÉÄÅÌÙ ÕÓÅÄ ÔÏ 

ÄÅÖÅÌÏÐ ÂÏÔÈ ÃÕÒÒÅÎÔ ÁÎÄ ÆÕÔÕÒÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ɉ#ÈÅÎ ÅÔ ÁÌȢȟ ςπςρɊȢ (ÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÃÁÎ 

ÃÏÍÍÏÎÌÙ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÉÎ τ ÃÌÁÓÓÅÓȡ -ÅÔÒÉÃ ÍÏÄÅÌÓȟ #ÏÎÃÅÐÔÕÁÌ ÍÏÄÅÌÓȟ 0ÈÙÓÉÃÓȤÂÁÓÅÄ ÍÏÄÅÌÓȟ 

ÁÎÄ (ÙÂÒÉÄ ÍÏÄÅÌÓȢ -ÅÔÒÉÃ ÍÏÄÅÌÓ ÁÒÅ ÔÈÅ ÓÉÍÐÌÅÓÔ ÆÏÒÍ ÏÆ ÍÏÄÅÌȟ ÔÈÅÙ ÁÒÅ ÂÁÓÅÄ ÏÎ ÓÔÁÔÉÓÔÉÃÁÌ 

ÒÅÌÁÔÉÏÎÓÈÉÐÓ ÓÕÃÈ ÁÓ ÒÅÇÒÅÓÓÉÏÎ ÍÏÄÅÌÓ ÁÎÄ ÔÉÍÅ ÓÅÒÉÅÓ ÍÏÄÅÌÓȢ 4ÈÅÓÅ ÄÏ ÎÏÔ ÅØÐÌÁÉÎ ÐÈÙÓÉÃÁÌ 

ÐÒÏÃÅÓÓÅÓ ÂÕÔ ÃÁÎ ÕÓÅ ÓÔÁÔÉÓÔÉÃÁÌ ÁÎÁÌÙÓÉÓ ÔÏ ÐÒÅÄÉÃÔ ÆÕÔÕÒÅ ÔÒÅÎÄÓȢ #ÏÎÃÅÐÔÕÁÌ ÍÏÄÅÌÓ ÕÓÅ 

ÒÅÐÒÅÓÅÎÔÁÔÉÏÎÓ ÏÆ ÓÔÏÒÁÇÅ ÏÆ ×ÁÔÅÒ ×ÉÔÈÉÎ ÁÓÐÅÃÔÓ ÏÆ ÔÈÅ ×ÁÔÅÒ ÃÙÃÌÅ ɉÅȢÇȢ ÇÒÏÕÎÄ×ÁÔÅÒȟ ÓÕÒÆÁÃÅ 

×ÁÔÅÒȟ ÁÎÄ ÓÏÉÌ ÍÏÉÓÔÕÒÅɊȟ ÁÎÄ ÓÉÍÕÌÁÔÅ ÈÏ× ×ÁÔÅÒ ÍÏÖÅÓ ÂÅÔ×ÅÅÎ ÔÈÅÓÅ ÁÓÐÅÃÔÓȢ -ÏÖÅÍÅÎÔ 

ÂÅÔ×ÅÅÎ ÃÌÁÓÓÅÓ ÉÓ ÒÅÐÒÅÓÅÎÔÅÄ ÂÙ ÍÁÔÈÅÍÁÔÉÃÁÌ ÅÑÕÁÔÉÏÎÓȢ %ØÁÍÐÌÅÓ ÉÎÃÌÕÄÅ ÔÈÅ 3ÏÉÌ ÁÎÄ 7ÁÔÅÒ 

!ÓÓÅÓÓÍÅÎÔ 4ÏÏÌ ɉ37!4Ɋ ɉ!ËÏËÏ ÅÔ ÁÌȢȟ ςπςρɊȢ 0ÈÙÓÉÃÓȤ"ÁÓÅÄ ÍÏÄÅÌÓ ÒÅÐÒÅÓÅÎÔ ÈÙÄÒÏÌÏÇÉÃÁÌ 

ÐÒÏÃÅÓÓÅÓ ÂÁÓÅÄ ÏÎ ÐÈÙÓÉÃÁÌ ÐÒÏÃÅÓÓÅÓ ÁÎÄ ÌÁ×Óȟ ÁÎ ÅØÁÍÐÌÅ ÉÓ ÔÈÅ (ÙÄÒÏ'ÅÏ3ÐÈÅÒÅ ÍÏÄÅÌȢ 

&ÉÎÁÌÌÙȟ ÈÙÂÒÉÄ ÍÏÄÅÌÓ ÃÏÍÂÉÎÅ ÍÕÌÔÉÐÌÅ ÅÌÅÍÅÎÔÓ ÏÆ ÔÈÅ ÁÂÏÖÅ ÍÏÄÅÌÓȢ ɉ.ÅÓÒÕȟ ςπςσȠ 

9ÏÏÓÅÆÄÏÏÓÔ ÅÔ ÁÌȢȟ ςπςςɊȢ $ÉÆÆÅÒÅÎÔ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÍÁÙ ÕÓÅ ÖÁÒÙÉÎÇ ÔÅÃÈÎÉÑÕÅÓ ÔÏ ÃÁÐÔÕÒÅ 

ÁÎ ÁÓÐÅÃÔ ÏÆ ÔÈÅ ×ÁÔÅÒ ÃÙÃÌÅ ɉÆÏÒ ÅØÁÍÐÌÅ ÆÏÃÕÓÉÎÇ ÏÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÏÒ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÍÏÄÅÌÓɊ ÔÏ 

ÐÁÉÎÔ Á ÈÏÌÉÓÔÉÃ ÐÉÃÔÕÒÅ ÏÆ ÔÈÅ ×ÁÔÅÒ ÃÙÃÌÅ ÆÏÒ Á ÓÐÅÃÉПÉÃ ÒÅÇÉÏÎȢ (ÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÁÒÅ ÕÔÉÌÉÓÅÄ 

ÉÎ ÂÏÔÈ ÒÅÐÒÅÓÅÎÔÉÎÇ ÒÅÁÌȤ×ÏÒÌÄ ÓÙÓÔÅÍÓ ÔÏ ÄÅÖÅÌÏÐ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÁÓ ×ÅÌÌ ÁÓ ÔÏ ÐÒÅÄÉÃÔ ÆÕÔÕÒÅ 

ÐÁÔÔÅÒÎÓ ÁÎÄ ÔÒÅÎÄÓȢ  

φȢψȢφȢχ (ÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ 

7ÉÔÈÉÎ -ÁÌÁ×Éȟ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÈÁÖÅ ÂÅÅÎ ÕÓÅÄ ÔÏ ÅØÐÌÏÒÅ ÃÕÒÒÅÎÔ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÎÄ 

ÅÎÈÁÎÃÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ɉ#ÁÌÄÅÒ ÅÔ ÁÌȢȟ ρωωυȠ ,ÙÏÎÓ ÅÔ ÁÌȢȟ ςπρρȠ 3ÅÈÁÔÚÁÄÅÈȟ ςπρρȠ 3ÅÈÁÔÚÁÄÅÈ ÅÔ 

ÁÌȢȟ ςπρχɊ ÁÓ ×ÅÌÌ ÁÓ ÐÒÅÄÉÃÔ ÆÕÔÕÒÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÕÎÄÅÒ ÄÉÆÆÅÒÉÎÇ ÓÃÅÎÁÒÉÏÓ  ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ 

ςπςπɊȢ 3ÕÃÈ ÍÏÄÅÌÓ ÈÁÖÅ ÔÙÐÉÃÁÌÌÙ ÆÏÃÕÓÅÄ ÏÎ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπςπȠ #ÁÌÄÅÒ ÅÔ ÁÌȢȟ 

ρωωυȠ $ÒÁÙÔÏÎȟ ρωψτȠ .ÅÕÌÁÎÄȟ ρωψτɊ ÏÒ ÈÁÖÅ ÂÅÅÎ ÃÏÎПÉÎÅÄ ÔÏ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÅÔÈÏÄÓ 

ɉ+ÕÍÁÍÂÁÌÁȟ ςπρπȠ ,ÙÏÎÓ ÅÔ ÁÌȢȟ ςπρρȠ 3ÈÅÌÁȟ ςπππɊ ×ÈÉÃÈ ÈÁÖÅ ÐÒÏÖÉÄÅÄ ÌÉÍÉÔÅÄ ÉÎÓÉÇÈÔÓ ÉÎÔÏ 

ÃÏÍÐÒÅÈÅÎÓÉÖÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÍÁÎÁÇÅÍÅÎÔȟ ÅÓÐÅÃÉÁÌÌÙ ÃÏÎÃÅÒÎÉÎÇ ÇÒÏÕÎÄ×ÁÔÅÒȢ %ØÉÓÔÉÎÇ 

ÇÒÏÕÎÄ×ÁÔÅÒȤÓÐÅÃÉПÉÃ ÍÏÄÅÌÌÉÎÇ ÅÆÆÏÒÔ ÈÁÖÅ ÐÒÉÍÁÒÉÌÙ ÆÏÃÕÓÅÄ ÏÎ ÔÈÅ ÓÕÂȤÃÁÔÃÈÍÅÎÔ ÌÅÖÅÌ 



ςω 
 

ɉ3ÅÈÁÔÚÁÄÅÈȟ ςπρρɊȢ 4ÈÅ ÏÎÌÙ ÃÕÒÒÅÎÔÌÙ ÁÖÁÉÌÁÂÌÅ ÅÓÔÉÍÁÔÅ ÏÆ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ 

ÅÓÔÉÍÁÔÅÓ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÂÅÔ×ÅÅÎ ωφȢχ ÁÎÄ ρȟρπψ ËÍύ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπςςɊ ÐÒÅÓÅÎÔÉÎÇ 

ÓÉÇÎÉПÉÃÁÎÔ ÕÎÃÅÒÔÁÉÎÔÙ ÉÎ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÅ ÁÍÏÕÎÔ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ×ÉÔÈÉÎ -ÁÌÁ×É ÁÎÄ ÆÕÔÕÒÅ 

ÓÅÃÕÒÉÔÙ ÏÆ ÔÈÅ ÒÅÓÏÕÒÃÅȢ 4ÈÅ ÌÁÒÇÅ ÒÁÎÇÅ ÏÆ ÔÈÉÓ ÅÓÔÉÍÁÔÅȟ ÂÅÙÏÎÄ ÅÍÂÅÄÄÉÎÇ ÓÉÇÎÉПÉÃÁÎÔ 

ÕÎÃÅÒÔÁÉÎÔÙ ÉÎ ÕÎÄÅÒÓÔÁÎÄÉÎÇ -ÁÌÁ×ÉͻÓ ÃÕÒÒÅÎÔ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÌÉÍÉÔÓ ÁÐÐÒÏÐÒÉÁÔÅ ÍÁÎÁÇÅÍÅÎÔ 

ÁÎÄ ÐÌÁÎÎÉÎÇ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȢ 

ςȢυ +ÎÏ×ÌÅÄÇÅ ÇÁÐÓ 

4ÈÉÓ ÔÈÅÓÉÓ ÁÄÄÒÅÓÓÅÓ ÓÅÖÅÒÁÌ ËÎÏ×ÌÅÄÇÅ ÇÁÐÓ ÉÄÅÎÔÉПÉÅÄ ÉÎ -ÁÌÁ×ÉȭÓ ÐÁÔÈ ÔÏ 3$'φȢ 

)ÎÃÏÍÐÌÅÔÅ 5ÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 7ÁÔÅÒ 3ÃÁÒÃÉÔÙȡ $ÕÅ ÔÏ ÉÎÁÄÅÑÕÁÔÅ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÁÎÄ Á ÌÁÃË ÏÆ 

ÃÏÍÐÒÅÈÅÎÓÉÖÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÍÏÄÅÌÌÉÎÇȟ ÔÈÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÉÎ -ÁÌÁ×É 

ÒÅÍÁÉÎÓ ÌÉÍÉÔÅÄ ɉ+ÁÌÉÎȟ ςπςςɊȢ 4ÈÉÓ ÒÅÓÕÌÔÓ ÉÎ ÓÉÇÎÉПÉÃÁÎÔ ÕÎÃÅÒÔÁÉÎÔÙ ÒÅÇÁÒÄÉÎÇ ÔÈÅ ÅØÔÅÎÔ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙ ÁÎÄ ÉÔÓ ÆÕÔÕÒÅ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÁÓ Á ÖÉÔÁÌ ÒÅÓÏÕÒÃÅȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÅ 

ÉÎÔÅÒÃÏÎÎÅÃÔÅÄÎÅÓÓ ÂÅÔ×ÅÅÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÓÙÓÔÅÍÓ ÁÄÄÓ ÃÏÍÐÌÅØÉÔÙ ÔÏ ÔÈÅ 

ÏÖÅÒÁÌÌ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÍÁÎÁÇÅÍÅÎÔ ɉ+ÅÌÌÙ ÅÔ ÁÌȢȟ ςπρωɊȢ 7ÈÉÌÓÔ ÔÈÅ 

ÉÎÔÅÒÃÏÎÎÅÃÔÉÏÎ ÂÅÔ×ÅÅÎ ÒÉÖÅÒÓ ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÈÁÓ ÂÅÅÎ ÈÉÇÈÌÉÇÈÔÅÄȟ ×ÉÔÈ ÍÏÓÔ ÒÉÖÅÒ ПÌÏ× 

ÃÏÍÉÎÇ ÆÒÏÍ ÂÁÓÅПÌÏ× ɉ+ÅÌÌÙ ÅÔ ÁÌȢȟ ςπρωɊȟ ÔÈÅÒÅ ÉÓ ÃÕÒÒÅÎÔÌÙ ÌÉÍÉÔÅÄ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÒÏÌÅ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÆÏÒ ÏÔÈÅÒ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÌÁËÅÓȢ 

5ÎÃÅÒÔÁÉÎ ÄÒÉÖÅÒÓ ÏÆ ×ÁÔÅÒ ÑÕÁÌÉÔÙȡ 0ÏÏÒ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÐÒÅÓÅÎÔÓ Á ÃÒÉÔÉÃÁÌ ÔÈÒÅÁÔ ÔÏ 3$'φȢ 

4ÈÅ ÍÁÊÏÒÉÔÙ ÏÆ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ÃÕÒÒÅÎÔÌÙ ÁÃÃÅÓÓ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÔÈÁÔ ÉÓ ÃÏÎÔÁÍÉÎÁÔÅÄ ×ÉÔÈ %ȢÃÏÌÉ 

ɉ.3/ȟ ςπςρɊȢ 9ÅÔ ÔÈÅ ÓÏÕÒÃÅÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÁÒÅ ÎÏÔ ÓÕÆПÉÃÉÅÎÔÌÙ ÕÎÄÅÒÓÔÏÏÄ 

ÍÁËÉÎÇ ÍÁÎÁÇÅÍÅÎÔ ÃÈÁÌÌÅÎÇÉÎÇȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÅ ÆÕÔÕÒÅ ÒÉÓËÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ 

ÁÒÅ ÎÏÔ ÃÌÅÁÒȟ ÆÕÒÔÈÅÒ ×ÏÒË ÉÓ ÎÅÅÄÅÄ ÔÏ ÁÄÄÒÅÓÓ ÈÏ× -ÁÌÁ×É ÃÁÎ ÓÁÆÅÇÕÁÒÄ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÂÏÔÈ 

ÎÏ× ÁÎÄ ÉÎ ÔÈÅ ÆÕÔÕÒÅȢ  

6ÁÒÉÁÂÉÌÉÔÙ ÉÎ 3ÁÎÉÔÁÔÉÏÎ ÁÎÄ (ÙÇÉÅÎÅ !ÃÃÅÓÓ %ÓÔÉÍÁÔÅÓȡ -ÁÌÁ×É ÆÁÃÅÓ ÓÉÇÎÉПÉÃÁÎÔ ÄÉÓÃÒÅÐÁÎÃÉÅÓ ÉÎ 

ÅÓÔÉÍÁÔÅÓ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÁÃÃÅÓÓ ɉ(ÉÎÔÏÎ ÅÔ ÁÌȢȟ ςπςσɊȢ 4ÈÉÓ ÌÁÃË ÏÆ ÃÏÎÓÅÎÓÕÓ ÈÉÎÄÅÒÓ 



σπ 
 

ÅÆÆÏÒÔÓ ÔÏ ÁÃÃÕÒÁÔÅÌÙ ÁÓÓÅÓÓ ÐÒÏÇÒÅÓÓ ÁÎÄ ÅÎÓÕÒÅ ÕÎÉÆÏÒÍ ÁÄÖÁÎÃÅÍÅÎÔÓ ÉÎ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ 

ÈÙÇÉÅÎÅ ÐÒÏÖÉÓÉÏÎ ÁÃÒÏÓÓ ÔÈÅ ÃÏÕÎÔÒÙȢ 2ÁÐÉÄ ÄÅÍÏÇÒÁÐÈÉÃ ÃÈÁÎÇÅÓ ÁÎÄ ÔÈÅ ÉÍÐÁÃÔÓ ÏÆ ÃÌÉÍÁÔÅ 

ÃÈÁÎÇÅ ÁÒÅ ÉÍÐÏÒÔÁÎÔ ÔÏ ÃÏÎÓÉÄÅÒ ÉÎ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÆÕÔÕÒÅ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÁÎÄ ÅÎÓÕÒÉÎÇ Á 

ÓÕÓÔÁÉÎÁÂÌÅ ÐÁÔÈ ÔÏ 3$'φȢ )Î ÍÅÅÔÉÎÇ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÔÁÒÇÅÔÓ ÕÎÄÅÒ 3$'φȢςȟ ÔÈÅ ÎÅÅÄÓ ÏÆ 

×ÏÍÅÎȟ ÇÉÒÌÓ ÁÎÄ ÔÈÏÓÅ ÉÎ ÖÕÌÎÅÒÁÂÌÅ ÓÉÔÕÁÔÉÏÎÓ ÎÅÅÄÓ ÔÏ ÂÅ ÁÔ ÔÈÅ ÆÏÒÅÆÒÏÎÔȢ &ÏÒ ÕÎÄÅÒÓÔÁÎÄÉÎÇ 

ÏÆ -ÁÌÁ×ÉȭÓ ÐÁÔÈ ÔÏ 3$'φ ÆÕÒÔÈÅÒ ×ÏÒË ÉÓ ÎÅÅÄÅÄ ÔÏ ÅØÐÌÏÒÅ ÈÏ× ÔÈÅ ÎÅÅÄÓ ÏÆ ×ÏÍÅÎ ÁÎÄ ÇÉÒÌÓ 

ÁÒÅ ÂÅÉÎÇ ÍÅÔȟ ÏÒ ÎÏÔȟ ×ÉÔÈÉÎ ÔÈÅ ÒÅÁÌÍ ÏÆ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅȢ 3ÐÅÃÉПÉÃÁÌÌÙȟ ÔÈÉÓ ÉÎÖÏÌÖÅÓ ÔÈÅ 

ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÓÅÃÕÒÉÔÙ ÁÎÄ ÐÒÉÖÁÃÙ ×ÉÔÈÉÎ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎ ÁÓ ×ÅÌÌ ÁÓ 

ÁÐÐÒÏÐÒÉÁÔÅ ÍÅÎÓÔÒÕÁÌ ÈÙÇÉÅÎÅ ÍÁÎÁÇÅÍÅÎÔ ɉ-(-ɊȢ 

(Ï× ÔÏ ÓÕÓÔÁÉÎÁÂÌÙ ÅØÐÌÏÒÅ ÁÎÄ ÐÒÏÍÏÔÅ ÓÏÌÕÔÉÏÎÓȡ "ÒÉÄÇÉÎÇ ÔÈÅ ÇÁÐ ÉÎ ËÎÏ×ÌÅÄÇÅ ÉÎÖÏÌÖÅÓ 

ÉÄÅÎÔÉÆÙÉÎÇ ÁÃÔÉÏÎÁÂÌÅ ÓÏÌÕÔÉÏÎÓ ÔÏ ÁÄÄÒÅÓÓ ÔÈÅÓÅ ÃÈÁÌÌÅÎÇÅÓ ÃÏÍÐÒÅÈÅÎÓÉÖÅÌÙȢ )ÍÐÌÅÍÅÎÔÉÎÇ 

ÅÆÆÅÃÔÉÖÅ ÓÔÒÁÔÅÇÉÅÓ ÔÈÁÔ ÔÁÒÇÅÔ ÖÁÒÉÏÕÓ ÁÓÐÅÃÔÓ ÏÆ 3$'φ ×ÉÌÌ ÂÅ ÉÎÓÔÒÕÍÅÎÔÁÌ ÉÎ ÄÒÉÖÉÎÇ ÐÒÏÇÒÅÓÓ 

ÔÏ×ÁÒÄÓ ÕÎÉÖÅÒÓÁÌ ÁÃÃÅÓÓ ÔÏ ÃÌÅÁÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÎ -ÁÌÁ×ÉȢ 

ςȢφ #ÏÎÃÌÕÓÉÏÎ ÔÏ ÔÈÉÓ ÃÈÁÐÔÅÒ 

)Î ÃÏÎÃÌÕÓÉÏÎȟ 3$'φ ÉÎ -ÁÌÁ×É ÉÎÖÏÌÖÅÓ Á ÃÏÍÐÌÅØ ÁÎÄ ÍÕÌÔÉÆÁÃÅÔÅÄ ÎÅØÕÓ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ 

ÍÁÎÁÇÅÍÅÎÔ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÐÒÏÖÉÓÉÏÎȢ $ÅÓÐÉÔÅ ÎÏÔÁÂÌÅ ÁÃÈÉÅÖÅÍÅÎÔÓȟ ÓÕÃÈ ÁÓ ÉÍÐÒÏÖÅÍÅÎÔÓ ÉÎ 

ÁÃÃÅÓÓ ÔÏ ÓÁÆÅ ÄÒÉÎËÉÎÇ ×ÁÔÅÒȟ ÓÉÇÎÉПÉÃÁÎÔ ÃÈÁÌÌÅÎÇÅÓ ÒÅÍÁÉÎȟ ÉÎÃÌÕÄÉÎÇ ÅÎÓÕÒÉÎÇ ÓÕÓÔÁÉÎÁÂÌÅ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÍÁÎÁÇÅÍÅÎÔ ÕÎÄÅÒ ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÁÎÄ ÃÌÉÍÁÔÉÃ 

ÃÈÁÎÇÅȢ !ÄÄÒÅÓÓÉÎÇ ÔÈÅÓÅ ÃÈÁÌÌÅÎÇÅÓ ÒÅÑÕÉÒÅÓ ÈÏÌÉÓÔÉÃ ÁÐÐÒÏÁÃÈÅÓ ÔÈÁÔ ÉÎÔÅÇÒÁÔÅ ÓÏÃÉÏÅÃÏÎÏÍÉÃ 

ÁÎÄ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÏÎÓÉÄÅÒÁÔÉÏÎÓȢ 4ÈÅ ÎÅØÔ ÃÈÁÐÔÅÒ ÅØÐÌÏÒÅÓ ÓÏÍÅ ÏÆ ÔÈÅ ÍÅÔÈÏÄÓ ÕÓÅÄ ×ÉÔÈÉÎ 

ÔÈÉÓ ÔÈÅÓÉÓ ÔÏ ÁÄÄÒÅÓÓ ÔÈÅ ËÎÏ×ÌÅÄÇÅ ÇÁÐÓ ÈÉÇÈÌÉÇÈÔÅÄ ÁÎÄ ÂÕÉÌÄ Á ÂÅÔÔÅÒ ÐÉÃÔÕÒÅ ÏÆ ÈÏ× -ÁÌÁ×É 

ÃÁÎ ×ÏÒË ÔÏ×ÁÒÄÓ ÓÕÓÔÁÉÎÁÂÌÅ ÐÒÏÇÒÅÓÓ ÔÏ 3$'φȢ 

  



σρ 
 

 

 

 

 

#ÈÁÐÔÅÒ σȡ -ÅÔÈÏÄÏÌÏÇÙ 
 

Ȱ4ÈÅ ÉÍÐÏÒÔÁÎÔ ÔÈÉÎÇ ÉÎ ÓÃÉÅÎÃÅ ÉÓ ÎÏÔ ÓÏ ÍÕÃÈ ÔÏ ÏÂÔÁÉÎ ÎÅ× ÆÁÃÔÓ ÁÓ ÔÏ 

ÄÉÓÃÏÖÅÒ ÎÅ× ×ÁÙÓ ÏÆ ÔÈÉÎËÉÎÇ ÁÂÏÕÔ ÔÈÅÍȢȱ 

3ÉÒ 7ÉÌÌÉÁÍ "ÒÁÇÇȟ ÄÁÔÅ ÕÎËÎÏ×Î 

  



σς 
 

#ÈÁÐÔÅÒ σȡ  -ÅÔÈÏÄÏÌÏÇÙ 

σȢρ )ÎÔÒÏÄÕÃÔÉÏÎ 

4ÈÉÓ ÔÈÅÓÉÓ ÅÍÐÌÏÙÓ Á ÒÁÎÇÅ ÏÆ ÄÁÔÁ ÓÏÕÒÃÅÓ ÁÎÄ ÍÅÔÈÏÄÓ ÔÏ ÅØÐÌÏÒÅ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÓÏÌÕÔÉÏÎÓ ÔÏ 

3$'φ ÉÎ -ÁÌÁ×ÉȢ  4ÈÅ ÔÈÅÓÉÓ ÕÔÉÌÉÓÅÄ ÄÁÔÁ ÆÒÏÍ Á ÒÁÎÇÅ ÏÆ ÓÏÕÒÃÅÓ ÄÉÓÃÕÓÓÅÄ ÉÎ ÔÈÉÓ ÃÈÁÐÔÅÒ 

ÉÎÃÌÕÄÉÎÇ ÎÁÔÉÏÎÁÌ ÈÏÕÓÅÈÏÌÄ ÓÕÒÖÅÙÓȟ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÓÕÒÖÅÙ ÄÁÔÁȟ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÁÓÓÅÓÓÍÅÎÔÓȟ 

ÍÅÁÓÕÒÅÄ ÈÙÄÒÏÌÏÇÉÃÁÌ ÁÎÄ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÄÁÔÁȟ ÒÅÍÏÔÅ ÓÅÎÓÉÎÇȟ ÁÎÄ ÓÅÍÉȤÓÔÒÕÃÔÕÒÅÄ 

ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×ÓȢ ! ÂÌÅÎÄ ÏÆ ÑÕÁÎÔÉÔÁÔÉÖÅ ÁÎÄ ÑÕÁÌÉÔÁÔÉÖÅ ÄÁÔÁ ÓÏÕÒÃÅÓ ×ÁÓ ÕÓÅÄ ÔÏ 

ÅÎÈÁÎÃÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇȢ -ÕÌÔÉÐÌÅ ÍÅÔÈÏÄÓ ×ÅÒÅ ÕÓÅÄ ÆÏÒ ÁÎÁÌÙÓÉÓȟ ÔÈÅ ÒÏÌÅ ÏÆ ÐÒÅÄÉÃÔÉÖÅ 

ÍÏÄÅÌÌÉÎÇ ×ÁÓ ÅÍÐÈÁÓÉÓÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÁÎÄ ÉÓ ÆÕÒÔÈÅÒ ÄÉÓÃÕÓÓÅÄ ÉÎ ÔÈÉÓ ÃÈÁÐÔÅÒȢ  

4ÈÉÓ ÃÈÁÐÔÅÒ ÐÒÏÖÉÄÅÓ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ËÅÙ ÍÅÔÈÏÄÓ ÕÓÅÄ ÁÃÒÏÓÓ ÔÈÅ ÔÈÅÓÉÓȢ !Ó ÔÈÉÓ ÔÈÅÓÉÓ ÉÓ ÂÙ 

ÐÕÂÌÉÃÁÔÉÏÎȟ ÔÈÅ ÓÐÅÃÉПÉÃ ÁÐÐÒÏÁÃÈÅÓ ÆÏÒ ÉÎÄÉÖÉÄÕÁÌ ÐÉÅÃÅÓ ÏÆ ×ÏÒË ÁÒÅ ÅØÐÌÁÉÎÅÄ ÉÎ ÄÅÔÁÉÌ ×ÉÔÈÉÎ 

ÔÈÅ ÍÅÔÈÏÄÓ ÓÅÃÔÉÏÎÓ ÏÆ ÅÁÃÈ ÐÁÐÅÒ ×ÉÔÈÉÎ ÔÈÅ ÃÈÁÐÔÅÒÓȢ  

σȢς 1ÕÁÎÔÉÔÁÔÉÖÅ ÄÁÔÁ 

σȢςȢρ (ÏÕÓÅÈÏÌÄ ÁÎÄ ÐÏÐÕÌÁÔÉÏÎ ÄÁÔÁ 

(ÏÕÓÅÈÏÌÄ ÓÕÒÖÅÙÓ ÐÒÏÖÉÄÅ Á ÃÏÍÍÏÎÌÙ ÕÓÅÄ ÍÅÔÈÏÄ ÔÏ ÓÙÓÔÅÍÁÔÉÃÁÌÌÙ ÇÁÔÈÅÒ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ 

ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÆÁÃÔÏÒÓ ÁÎÄ ÄÅÍÏÇÒÁÐÈÉÃÓȢ )ÎÆÏÒÍÁÔÉÏÎ ÉÓ ÃÏÌÌÅÃÔÅÄ ÔÈÒÏÕÇÈ ÓÔÒÕÃÔÕÒÅÄ 

ÉÎÔÅÒÖÉÅ×Ó ÏÒ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÁÄÍÉÎÉÓÔÅÒÅÄ ÔÏ ÓÅÌÅÃÔÅÄ ÈÏÕÓÅÈÏÌÄÓȟ ÔÙÐÉÃÁÌÌÙ ÕÓÉÎÇ Á ÓÁÍÐÌÉÎÇ 

ÆÒÁÍÅ×ÏÒË ÔÏ ÅÎÓÕÒÅ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅÎÅÓÓȢ $ÁÔÁ ÆÒÏÍ ÍÕÌÔÉÐÌÅ ÎÁÔÉÏÎÁÌ ÈÏÕÓÅÈÏÌÄ ÓÕÒÖÅÙÓ ÆÏÒ 

-ÁÌÁ×É ×ÅÒÅ ÕÓÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÉÎÃÌÕÄÉÎÇ ÄÁÔÁ ÆÒÏÍ ÄÅÍÏÇÒÁÐÈÉÃ ÁÎÄ ÈÅÁÌÔÈ ÓÕÒÖÅÙÓ 

ɉ$(3Ɋȟ -ÁÌÁÒÉÁ )ÎÄÉÃÁÔÏÒ 3ÕÒÖÅÙÓ ɉ-)3Ɋȟ #ÅÎÓÕÓ ÄÁÔÁȟ ÁÎÄ 5.)#%& -ÕÌÔÉÐÌÅ )ÎÄÉÃÁÔÏÒ #ÌÕÓÔÅÒ 

3ÕÒÖÅÙÓ ɉ-)#3ɊȢ 

$ÅÍÏÇÒÁÐÈÉÃ ÁÎÄ (ÅÁÌÔÈ 3ÕÒÖÅÙÓ ɉ$(3Ɋ ÇÁÔÈÅÒ ÎÁÔÉÏÎÁÌÌÙ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÄÁÔÁ ÏÎ ÍÕÌÔÉÐÌÅ ÁÒÅÁÓ 

ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÄÅÍÏÇÒÁÐÈÉÃÓ ÁÎÄ ÈÅÁÌÔÈ ɉ"ÏÅÒÍÁ ÁÎÄ 3ÏÍÍÅÒÆÅÌÄȟ ρωωσɊȢ 4ÈÅ ÓÕÒÖÅÙÓ ÃÏÖÅÒ 

ÔÏÐÉÃÓ ÓÕÃÈ ÁÓ ÆÅÒÔÉÌÉÔÙȟ ÍÁÔÅÒÎÁÌ ÁÎÄ ÃÈÉÌÄ ÈÅÁÌÔÈȟ ÁÎÄ ÍÁÌÁÒÉÁ ÐÒÅÖÁÌÅÎÃÅȢ 4ÈÅÙ ÕÓÅ ÓÔÒÁÔÉПÉÅÄȟ 



σσ 
 

ÍÕÌÔÉÓÔÁÇÅ ÃÌÕÓÔÅÒ ÓÁÍÐÌÉÎÇ ÔÏ ÒÁÎÄÏÍÌÙ ÓÅÌÅÃÔ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÈÏÕÓÅÈÏÌÄÓ ×ÉÔÈ ÄÁÔÁ ÃÏÌÌÅÃÔÅÄ 

ÕÓÉÎÇ ÓÔÁÎÄÁÒÄÉÓÅÄ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÁÎÄ ÆÁÃÅȤÔÏȤÆÁÃÅ ÉÎÔÅÒÖÉÅ×Ó ×ÉÔÈ ÉÎÄÉÖÉÄÕÁÌÓ ÆÒÏÍ ÓÅÌÅÃÔÅÄ 

ÈÏÕÓÅÈÏÌÄÓȢ -ÁÌÁÒÉÁ )ÎÄÉÃÁÔÏÒ 3ÕÒÖÅÙÓ ɉ-)3Ɋ ÅÍÐÌÏÙ ÓÉÍÉÌÁÒ ÍÅÔÈÏÄÏÌÏÇÙ ÔÏ $(3 ÓÕÒÖÅÙÓȟ 

ÐÒÏÖÉÄÉÎÇ ÓÏÍÅ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÈÅÁÌÔÈ ÁÎÄ ÓÏÃÉÁÌ ÄÁÔÁ ÁÌÏÎÇÓÉÄÅ ÍÁÌÁÒÉÁȤÓÐÅÃÉПÉÃ ÍÅÔÒÉÃÓȟ 

ÉÎÃÌÕÄÉÎÇ ÂÅÄ ÎÅÔ ÃÏÖÅÒÁÇÅ ÁÎÄ ÕÓÁÇÅȟ ÉÎÄÏÏÒ ÒÅÓÉÄÕÁÌ ÓÐÒÁÙÉÎÇ ÃÏÖÅÒÁÇÅȟ ÁÃÃÅÓÓ ÔÏ ÁÎÔÉÍÁÌÁÒÉÁÌ 

ÔÒÅÁÔÍÅÎÔȟ ÁÎÄ ÔÈÅ ÐÏÐÕÌÁÃÅͻÓ ËÎÏ×ÌÅÄÇÅ ÒÅÇÁÒÄÉÎÇ ÍÁÌÁÒÉÁ ÐÒÅÖÅÎÔÉÏÎ ÁÎÄ ÔÒÅÁÔÍÅÎÔ ɉ$(3 

0ÒÏÇÒÁÍÍÅȟ ςπρφɊȢ 3ÉÍÉÌÁÒÌÙȟ ÔÏ $(3 ÁÎÄ -)3 ÓÕÒÖÅÙÓȟ ÃÅÎÓÕÓ ÄÁÔÁ ÁÌÓÏ ÅÍÐÌÏÙÓ ÈÏÕÓÅÈÏÌÄ 

ÓÕÒÖÅÙÓ ÔÏ ÇÁÔÈÅÒ ÄÁÔÁ ÏÎ ÐÏÐÕÌÁÔÉÏÎ ÁÎÄ ÈÏÕÓÅÈÏÌÄ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓȢ 5ÎÌÉËÅ ÔÈÅ $(3 ÁÎÄ -)3 

ÄÁÔÁȟ ÃÅÎÓÕÓ ÅÆÆÏÒÔÓ ɉ×ÈÉÃÈ ÈÁÖÅ ÔÙÐÉÃÁÌÌÙ ÏÃÃÕÒÒÅÄ ÏÎÃÅ Á ÄÅÃÁÄÅɊ ÁÓÓÅÓÓ ÅÖÅÒÙ ÈÏÕÓÅÈÏÌÄ 

×ÉÔÈÉÎ -ÁÌÁ×ÉȢ -ÕÌÔÉÐÌÅ )ÎÄÉÃÁÔÏÒ #ÌÕÓÔÅÒ 3ÕÒÖÅÙÓ ɉ-)#3Ɋȟ ÕÎÄÅÒÔÁËÅÎ ÂÙ 5.)#%& ÉÎ ÐÁÒÔÎÅÒÓÈÉÐ 

×ÉÔÈ ÎÁÔÉÏÎÁÌ ÇÏÖÅÒÎÍÅÎÔÓȟ ÁÌÓÏ ÅÎÃÏÍÐÁÓÓ Á ÂÒÏÁÄ ÓÐÅÃÔÒÕÍ ÏÆ ÔÏÐÉÃÓ ÒÅÌÅÖÁÎÔ ÔÏ ÃÈÉÌÄȟ 

ÍÁÔÅÒÎÁÌȟ ÁÎÄ ÆÁÍÉÌÙ ×ÅÌÌȤÂÅÉÎÇȢ -)#3 ÓÕÒÖÅÙÓ ÃÏÖÅÒ ÁÒÅÁÓ ÉÎÃÌÕÄÉÎÇ ÈÅÁÌÔÈȟ ÅÄÕÃÁÔÉÏÎȟ ÃÈÉÌÄ 

ÐÒÏÔÅÃÔÉÏÎȟ ÁÎÄ ÎÕÔÒÉÔÉÏÎȟ ÅÍÐÌÏÙÉÎÇ ÍÅÔÈÏÄÏÌÏÇÉÅÓ ÁËÉÎ ÔÏ $(3 ÁÎÄ -)3 ÓÕÒÖÅÙÓȢ !ÌÌ ÔÈÅÓÅ 

ÓÕÒÖÅÙÓ ÐÒÏÖÉÄÅ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ×ÁÔÅÒ ÁÓ ÃÒÕÃÉÁÌ ÈÏÕÓÅÈÏÌÄ ÉÎÄÉÃÁÔÏÒÓȢ 

7ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓȟ ÄÁÔÁ ÆÒÏÍ υ $(3 ×ÁÓ ÕÓÅÄ ɉÃÏÎÄÕÃÔÅÄ ÉÎ ρωωςȟ ςπππȟ ςππτȟ ςπρπȟ ÁÎÄ 

ςπρυȾρφɊȟ -)3 ɉÃÏÎÄÕÃÔÅÄ ÉÎ ςπρς ÁÎÄ ςπρτɊȟ #ÅÎÓÕÓ ÄÁÔÁ ÆÒÏÍ ςπρψȟ ς -)3 ɉÆÒÏÍ ςπρς ÁÎÄ 

ςπρτɊ ÁÎÄ -)#3 ÆÒÏÍ ςπςπȢ 

)Î ÁÄÄÉÔÉÏÎ ÔÏ ÔÈÅ ÎÁÔÉÏÎÁÌ ÓÕÒÖÅÙÓȟ ÄÁÔÁ ÆÒÏÍ Á ςπρω #!2% ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÓÕÒÖÅÙ ÏÆ 

ÃÏÍÍÕÎÉÔÉÅÓ ×ÉÔÈÉÎ Ô×Ï ÄÉÓÔÒÉÃÔÓ ÏÆ -ÁÌÁ×É ÐÒÅÖÉÏÕÓÌÙ ÄÅÃÌÁÒÅÄ ÏÐÅÎȤÄÅÆÅÃÁÔÉÏÎ ÆÒÅÅ ×ÁÓ 

ÁÎÁÌÙÓÅÄȢ 4ÈÉÓ ÄÁÔÁ ×ÁÓ ÃÏÌÌÅÃÔÅÄ ÉÎ Á ÓÉÍÉÌÁÒ ÍÅÔÈÏÄ ÔÏ $(3ȟ -)3 ÁÎÄ -)#3 ÓÕÒÖÅÙÓȟ ÔÁËÉÎÇ Á 

ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÃÌÕÓÔÅÒ ÏÆ ÈÏÕÓÅÈÏÌÄÓ ×ÉÔÈÉÎ ÔÈÅ ÉÄÅÎÔÉПÉÅÄ ÃÏÍÍÕÎÉÔÉÅÓ ÁÎÄ ÃÏÎÄÕÃÔÉÎÇ 

ÈÏÕÓÅÈÏÌÄ ÓÕÒÖÅÙÓȢ  

σȢςȢς )ÎÆÒÁÓÔÒÕÃÔÕÒÅ ÓÕÒÖÅÙ ÄÁÔÁ 

7ÁÔÅÒ ÁÎÄ 3ÁÎÉÔÁÔÉÏÎ ɉ7Á3(Ɋ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÉÓ Á ÃÅÎÔÒÁÌ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÉÎ ÍÅÅÔÉÎÇ ÔÈÅ 

ÒÅÑÕÉÒÅÍÅÎÔÓ ÏÆ 3$'φȢ 7ÈÉÌÓÔ ÍÁÎÙ ÔÁÒÇÅÔÓ ×ÉÔÈÉÎ 3$'φ ÆÏÃÕÓ ÏÎ ÔÈÅ ÐÒÏÐÏÒÔÉÏÎ ÏÆ ÔÈÅ 

ÐÏÐÕÌÁÔÉÏÎ ÕÓÉÎÇ 7Á3( ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ɉ*-0Ɋȟ ×ÉÔÈ ÓÕÒÖÅÙÓ ÔÙÐÉÃÁÌÌÙ ÃÏÎÄÕÃÔÅÄ ÁÔ Á ÈÏÕÓÅÈÏÌÄ 



στ 
 

ÌÅÖÅÌȟ ÔÈÅÒÅ ÉÓ ÌÉÍÉÔÅÄ ÍÏÎÉÔÏÒÉÎÇ ÏÆ 7Á3( ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÉÔÓÅÌÆ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπρωɊȢ )ÄÅÎÔÉПÉÃÁÔÉÏÎȟ 

ÁÎÄ ÍÏÎÉÔÏÒÉÎÇȟ ÏÆ 7Á3( ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÉÓ ÃÒÉÔÉÃÁÌ ÉÎ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ 

ÍÁÎÁÇÅÍÅÎÔ ÐÒÁÃÔÉÃÅÓ ÁÎÄ ÃÈÁÌÌÅÎÇÅÓȢ  

!Î ÅØÔÅÎÓÉÖÅ ÓÕÒÖÅÙ ÏÆ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÂÙ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ 

-ÁÌÁ×É ÔÈÒÏÕÇÈ ÔÈÅ 3ÃÏÔÔÉÓÈ 'ÏÖÅÒÎÍÅÎÔȭÓ #ÌÉÍÁÔÅ *ÕÓÔÉÃÅ &ÕÎÄ ɉ#*&Ɋ ÆÒÏÍ ςπρςȤςπςρ ɉ+ÁÌÉÎ ÅÔ 

ÁÌȢȟ ςπρωɊȢ !Ó ÐÁÒÔ ÏÆ ÔÈÉÓȟ Ô×Ï ÓÕÒÖÅÙÓ ×ÅÒÅ ÃÏÎÄÕÃÔÅÄȟ ÏÎÅ ÅØÁÍÉÎÉÎÇ ×ÁÔÅÒ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ 

ɉÓÕÒÖÅÙÉÎÇ ÏÖÅÒ ρππȟπππ ×ÁÔÅÒȤÐÏÉÎÔÓɊ ÁÎÄ ÏÎÅ ÉÎÖÅÓÔÉÇÁÔÉÎÇ ÓÁÎÉÔÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ 

ɉÉÎÓÐÅÃÔÉÎÇ ÏÖÅÒ ςππȟπππ ÓÁÎÉÔÁÒÙ ÆÁÃÉÌÉÔÉÅÓɊȢ %ÁÃÈ ÓÕÒÖÅÙ ÍÁÐÐÅÄ ÔÈÅ ÌÏÃÁÔÉÏÎ ÏÆ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȟ 

ÅØÁÍÉÎÅÄ ÉÔÓ ÃÏÎÄÉÔÉÏÎ ɉÂÁÓÅÄ ÏÎ ÓÐÅÃÉПÉÅÄ ÃÒÉÔÅÒÉÁɊ ÁÎÄ ÓÕÒÖÅÙÅÄ ÕÓÅÒÓ ÔÏ ÐÒÏÖÉÄÅ ÉÎÆÏÒÍÁÔÉÏÎ 

ÏÎ ÔÈÅ ÃÏÎÓÔÒÕÃÔÉÏÎȟ ÕÓÁÇÅȟ ÁÎÄ ÍÁÎÁÇÅÍÅÎÔ ÏÆ ÔÈÅ ÆÁÃÉÌÉÔÙȢ "ÏÔÈ ÓÕÒÖÅÙÓ ×ÅÒÅ ÃÏÎÄÕÃÔÅÄ ÉÎ 

#ÈÉÃÈÅ×Á ÏÒ %ÎÇÌÉÓÈ ÂÙ ÔÒÁÉÎÅÄ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É ÓÔÁÆÆ ÍÅÍÂÅÒÓȢ 3ÕÒÖÅÙ ÄÁÔÁȟ ÆÏÒ ÂÏÔÈ 

×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÓÕÒÖÅÙÓȟ ×ÁÓ ÑÕÁÌÉÔÙ ÃÏÎÔÒÏÌÌÅÄ ÁÔ ÔÈÅ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 3ÔÒÁÔÈÃÌÙÄÅȢ  

σȢςȢσ 7ÁÔÅÒ ÑÕÁÌÉÔÙ ÄÁÔÁ 

!ÌÏÎÇÓÉÄÅ ÔÈÅ ÄÅÍÏÇÒÁÐÈÉÃ ÆÁÃÔÏÒÓ ÄÉÓÃÕÓÓÅÄ ÁÂÏÖÅȟ ÔÈÅ ςπςπ 5.)#%& -)#3 ÓÕÒÖÅÙ ÁÌÓÏ 

ÅÖÁÌÕÁÔÅÄ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÄÁÔÁ ɉ.3/ȟ ςπςρɊȢ 4ÈÅ ÓÕÒÖÅÙ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÂÙ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ 

-ÁÌÁ×É .ÁÔÉÏÎÁÌ 3ÔÁÔÉÓÔÉÃÁÌ /ÆПÉÃÅ ÉÎ ÃÏÌÌÁÂÏÒÁÔÉÏÎ ×ÉÔÈ 5.)#%& ÆÒÏÍ $ÅÃÅÍÂÅÒ ςπρω Ȥ!ÕÇÕÓÔ 

ςπςπ ÏÆ ςφȟψψς ÈÏÕÓÅÈÏÌÄÓ ÉÎ ρȟρρρ ÃÌÕÓÔÅÒÓȢ 7ÁÔÅÒ ÑÕÁÌÉÔÙ ÔÅÓÔÉÎÇ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÁÔ ςȟψρψ 

×ÁÔÅÒÐÏÉÎÔÓ ×ÉÔÈÉÎ ÔÈÅ ρȟρρρ ÃÌÕÓÔÅÒÓ ÎÁÔÉÏÎÁÌÌÙȢ 'ÅÏÒÅÆÅÒÅÎÃÅÄ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÄÁÔÁ ×ÁÓ 

ÐÒÏÖÉÄÅÄ ÂÙ 5.)#%& -ÁÌÁ×ÉȢ 4ÈÅ ÄÁÔÁ ÐÒÏÖÉÄÅÓ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÓÏÕÒÃÅÓȟ 

ÉÎÃÌÕÄÉÎÇ ÁÎ ÅÖÁÌÕÁÔÉÏÎ ÏÆ %ȢÃÏÌÉ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÏÆ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ  

'ÒÏÕÎÄ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÄÁÔÁ ×ÁÓ ÁÌÓÏ ÃÏÌÌÅÃÔÅÄ ÂÙ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É ÔÈÒÏÕÇÈ ×ÁÔÅÒ 

ÑÕÁÌÉÔÙ ÔÅÓÔÉÎÇ ÏÆ ÂÏÒÅÈÏÌÅÓ ÃÏÎÄÕÃÔÅÄ ×ÈÅÎ ÂÏÒÅÈÏÌÅÓ ×ÅÒÅ ÄÒÉÌÌÅÄȢ $ÁÔÁ ×ÁÓ ÃÏÌÌÅÃÔÅÄ ÆÒÏÍ 

ςȟωωσ ×ÁÔÅÒȤÐÏÉÎÔÓ ÎÁÔÉÏÎÁÌÌÙȟ ÐÒÏÖÉÄÉÎÇ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÍÅÁÓÕÒÅÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÑÕÁÌÉÔÙ 0Èȟ 

%ÌÅÃÔÒÉÃÁÌ #ÏÎÄÕÃÔÉÖÉÔÙȟ 4ÏÔÁÌ $ÉÓÓÏÌÖÅÄ 3ÏÌÉÄÓȟ #ÈÌÏÒÉÄÅȟ 3ÕÌÐÈÁÔÅȟ .ÉÔÒÁÔÅȟ &ÌÕÏÒÉÄÅȟ )ÒÏÎȟ 

-ÁÎÇÁÎÅÓÅȟ ÁÎÄ #ÁÌÃÉÕÍȢ $ÁÔÁ ×ÁÓ ÐÒÏÖÉÄÅÄ ÂÙ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ $ÅÐÁÒÔÍÅÎÔ ÏÆ 

7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓȢ 



συ 
 

σȢςȢτ -ÅÔÅÏÒÏÌÏÇÉÃÁÌ ÁÎÄ ÈÙÄÒÏÌÏÇÉÃÁÌ ÄÁÔÁ  

χȢφȢψȢυ -ÅÁÓÕÒÅÄ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÁÎÄ ÈÙÄÒÏÌÏÇÉÃÁÌ ÄÁÔÁ  

0ÒÅÃÉÐÉÔÁÔÉÏÎ ÁÎÄ ÒÉÖÅÒ ПÌÏ× ÄÁÔÁ ×ÁÓ ÓÕÐÐÌÉÅÄ ÂÙ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ $ÅÐÁÒÔÍÅÎÔ ÏÆ 

7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ ÆÒÏÍ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÓÔÁÔÉÏÎÓ ÁÎÄ ÒÉÖÅÒ ÇÁÕÇÅÓȢ 7ÈÉÌÓÔ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÎÄ ÒÉÖÅÒ 

ÄÉÓÃÈÁÒÇÅ ÄÁÔÁ ×ÅÒÅ ÁÖÁÉÌÁÂÌÅ ÆÏÒ ÍÁÎÙ ÓÔÁÔÉÏÎÓ ÎÁÔÉÏÎÁÌÌÙȟ ×ÉÔÈ ÓÏÍÅ ÄÁÔÁ ÌÏÇÓ ÅØÔÅÎÄÉÎÇ ÆÏÒ 

ÍÏÒÅ ÔÈÁÎ υπ ÙÅÁÒÓȟ ÍÕÃÈ ÏÆ ÔÈÅ ÄÁÔÁ ×ÁÓ ÉÎÃÏÍÐÌÅÔÅ ×ÉÔÈ ÍÁÎÙ ÒÅÃÏÒÄÓ ÍÉÓÓÉÎÇ ÄÁÔÁÐÏÉÎÔÓȢ 

$ÁÔÁ ×ÈÉÃÈ ÄÉÄ ÎÏÔ ÈÁÖÅ ÓÕÆПÉÃÉÅÎÔ ÃÏÎÔÉÇÕÏÕÓ ÍÏÎÉÔÏÒÉÎÇ ×ÁÓ ÎÏÔ ÕÔÉÌÉÓÅÄȢ $ÅÔÁÉÌÅÄ ÉÎÆÏÒÍÁÔÉÏÎ 

ÏÎ ÔÈÅ ÎÕÍÂÅÒ ÏÆ ÄÁÔÁÐÏÉÎÔÓ ÕÓÅÄ ÁÎÄ ÄÉÓÔÒÉÂÕÔÉÏÎ ÉÓ ÓÕÍÍÁÒÉÓÅÄ ×ÉÔÈÉÎ ÔÈÅ ÒÅÌÅÖÁÎÔ ÃÈÁÐÔÅÒÓȢ 

χȢφȢψȢφ 2ÅÍÏÔÅ ÓÅÎÓÅÄ ÄÁÔÁ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÁÎÄ ÈÙÄÒÏÌÏÇÉÃÁÌ ÄÁÔÁ 

2ÅÍÏÔÅ ÓÅÎÓÅÄ ÄÁÔÁ ÐÒÏÖÉÄÅÓ ÏÎÅ ÍÅÔÈÏÄ ÔÏ ÏÖÅÒÃÏÍÅ ÓÏÍÅ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÏÆ ÉÎÃÏÍÐÌÅÔÅ 

ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÁÎÄ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÅÁÓÕÒÅÄ ÄÁÔÁÓÅÔÓȢ 2ÅÍÏÔÅ ÓÅÎÓÅÄ ÄÁÔÁ ÃÁÎ ÐÒÏÖÉÄÅ ÖÁÌÕÁÂÌÅ 

ÉÎÓÉÇÈÔÓ ÉÎÔÏ ×ÅÁÔÈÅÒ ÐÁÔÔÅÒÎÓȟ ÐÒÅÃÉÐÉÔÁÔÉÏÎȟ ÔÅÍÐÅÒÁÔÕÒÅȟ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎȟ ÁÎÄ 

ÇÒÁÖÉÔÁÔÉÏÎÁÌ ПÉÅÌÄÓ ɉÕÓÅÄ ÔÏ ÁÓÓÅÓÓ ÔÏÔÁÌ ×ÁÔÅÒ ÓÔÏÒÁÇÅɊȢ 3ÁÔÅÌÌÉÔÅÓ ÅÑÕÉÐÐÅÄ ×ÉÔÈ ÓÐÅÃÉÁÌÉÚÅÄ 

ÓÅÎÓÏÒÓ ÃÁÐÔÕÒÅ ÉÍÁÇÅÓ ÁÎÄ ÄÁÔÁ ÁÃÒÏÓÓ ÌÁÒÇÅ ÇÅÏÇÒÁÐÈÉÃ ÁÒÅÁÓȟ ÁÌÌÏ×ÉÎÇ ÆÏÒ ÃÏÍÐÒÅÈÅÎÓÉÖÅ 

ÃÏÖÅÒÁÇÅ ÁÎÄ ÍÏÎÉÔÏÒÉÎÇȢ  

4ÈÉÓ ÔÈÅÓÉÓ ÕÔÉÌÉÓÅÄ ÓÅÖÅÒÁÌ ÒÅÍÏÔÅÌÙ ÓÅÎÓÅÄ ÄÁÔÁÓÅÔÓ ÔÏ ÅÎÈÁÎÃÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÃÌÉÍÁÔÉÃ ÁÎÄ 

ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÖÁÒÉÁÂÌÅÓ ÉÎ -ÁÌÁ×ÉȢ 7ÈÅÒÅ ÁÖÁÉÌÁÂÌÅȟ ÍÕÌÔÉÐÌÅ ÄÁÔÁÓÅÔÓ ×ÅÒÅ  ÕÓÅÄȢ 0ÒÅÃÉÐÉÔÁÔÉÏÎ 

ÅÓÔÉÍÁÔÅÓ ×ÅÒÅ ÏÂÔÁÉÎÅÄ ÆÒÏÍ ÔÈÅ 42-- σ"τς ɉ!ÄÌÅÒ ÅÔ ÁÌȢȟ ςππσȠ (ÕÆÆÍÁÎȟ ρωωχȠ (ÕÆÆÍÁÎȟ 

ςπρςȠ (ÕÆÆÍÁÎ ÅÔ ÁÌȢȟ ρωωχȠ (ÕÆÆÍÁÎ ÅÔ ÁÌȢȟ ςππχȠ (ÕÆÍÁÎ ÅÔ ÁÌȢȟ ςππρȠ (ÕÆÆÍÁÎ ÅÔ ÁÌȢȟ ρωωυɊȢ υ 

ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÄÁÔÁÓÅÔÓ ×ÅÒÅ ÏÂÔÁÉÎÅÄ ÆÒÏÍ .!3! ',$!3 ɉ2ÏÄÅÌÌ ÅÔ ÁÌȢȟ ςππτɊȟ -/$)3 

υππÍ ɉ2ÕÎÎÉÎÇ ÁÎÄ -Õȟ ςπρυɊȟ 4ÅÒÒÁÃÌÉÍÁÔÅ ɉ!ÂÁÔÚÏÇÌÏÕ ÅÔ ÁÌȢȟ ςπρψɊȟ .!3! 3-!0 ɉ2ÅÉÃÈÌÅ ÅÔ 

ÁÌȢȟ ςπςςɊȟ ÁÎÄ 0-,ͺ6ς ɉ:ÈÁÎÇ ÅÔ ÁÌȢȟ ςπρωȠ ςπρφȠ 'ÁÎ ÅÔ ÁÌȢȟ ςπρψɊȢ 4ÈÅ 'ÒÁÖÉÔÙ 2ÅÃÏÖÅÒÙ ÁÎÄ 

#ÌÉÍÁÔÅ %ØÐÅÒÉÍÅÎÔ ɉ'2!#%Ɋ ÓÁÔÅÌÌÉÔÅÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÅÓÔÉÍÁÔÅ ÃÈÁÎÇÅ ÉÎ ÔÈÅ ÔÏÔÁÌ ×ÁÔÅÒ ÓÔÏÒÁÇÅ 

ÏÆ ÔÈÅ ÂÁÓÉÎ ÂÙ ÍÏÎÉÔÏÒÉÎÇ ÓÍÁÌÌ ÃÈÁÎÇÅÓ ÉÎ ÅÁÒÔÈȭÓ ÇÒÁÖÉÔÁÔÉÏÎÁÌ ПÉÅÌÄ ÄÕÅ ÔÏ ÃÈÁÎÇÅÓ ÉÎ ÍÁÓÓ 

ɉÆÒÏÍ ×ÁÔÅÒ ÓÔÏÒÁÇÅɊ ɉ3×ÅÎÓÏÎȟ ςπρςȠ ,ÁÎÄÅÒÅÒ ÁÎÄ 3×ÅÎÓÏÎȟ ςπρςȠ 3×ÅÎÓÏÎ ÁÎÄ 7ÁÈÒȟ ςππφɊȢ 



σφ 
 

!ÌÌ ÒÅÍÏÔÅ ÓÅÎÓÉÎÇ ÄÁÔÁÓÅÔÓ ×ÅÒÅ ÏÐÅÎ ÁÃÃÅÓÓ ÁÎÄ ×ÅÒÅ ÁÃÃÅÓÓÅÄȟ ÖÉÓÕÁÌÉÓÅÄȟ ÁÎÄ ÁÎÁÌÙÓÅÄ 

ÔÈÒÏÕÇÈ 'ÏÏÇÌÅ %ÁÒÔÈ %ÎÇÉÎÅ ɉ'ÏÒÅÌÉÃË ÅÔ ÁÌȢȟ ςπρχɊȢ  

σȢσ 1ÕÁÎÔÉÔÁÔÉÖÅ ÄÁÔÁ ÁÎÁÌÙÓÉÓ 

χȢχȢυȢυ 'ÅÏÓÐÁÔÉÁÌ ÁÎÁÌÙÓÉÓ 

'ÅÏÇÒÁÐÈÉÃ )ÎÆÏÒÍÁÔÉÏÎ ɉ')3Ɋ ÔÅÃÈÎÏÌÏÇÙ ×ÁÓ ÕÓÅÄ ÔÈÒÏÕÇÈ ÔÈÉÓ ÔÈÅÓÉÓ ÔÏ ÅÎÈÁÎÃÅ ÔÈÅ ÁÎÁÌÙÓÉÓ 

ÏÆ ÈÉÇÈÌÙ ÇÅÏÓÐÁÔÉÁÌ ÄÁÔÁÓÅÔÓȢ ')3 ×ÁÓ ÕÓÅÄ ÔÈÒÏÕÇÈÏÕÔ ÔÈÉÓ ÔÈÅÓÉÓ ÔÏ ÇÅÎÅÒÁÔÅȟ ÁÎÁÌÙÓÅȟ ÁÎÄ 

ÖÉÓÕÁÌÉÓÅ ÓÐÁÔÉÁÌ ÄÁÔÁȢ 7ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓȟ 1')3 ÉÓ ÕÔÉÌÉÓÅÄ ÆÏÒ ÓÐÁÔÉÁÌ ÄÁÔÁ ÐÒÏÃÅÓÓÉÎÇ ɉ1')3ȟ ςπςτɊȢ 

1')3 ×ÁÓ ÃÈÏÓÅÎ ÆÏÒ ÁÎÁÌÙÓÉÓ ÁÓ ÉÔ ÉÓ ÁÎ ÏÐÅÎȤÓÏÕÒÃÅ ÓÏÆÔ×ÁÒÅȟ ÔÈÅÒÅÂÙ ÅÎÈÁÎÃÉÎÇ ÔÈÅ 

ÁÃÃÅÓÓÉÂÉÌÉÔÙ ÏÆ ÔÈÅ ÒÅÓÅÁÒÃÈ ÍÅÔÈÏÄÓ ÐÒÅÓÅÎÔÅÄȢ 1')3 ×ÁÓ ÕÓÅÄ ÆÏÒ ÔÈÅ ÇÅÎÅÒÁÔÉÏÎ ÏÆ ÓÏÍÅ 

ÓÐÁÔÉÁÌ ÄÁÔÁȟ ÓÕÃÈ ÁÓ ÓÈÁÐÅПÉÌÅÓ ÏÆ ÔÈÅ ÅØÔÅÎÔÓ ÏÆ ×ÅÔÌÁÎÄÓ ÁÎÄ ÁÒÅÁÓ ÏÆ ПÌÏÏÄÉÎÇ ×ÈÅÒÅ ÓÈÁÐÅПÉÌÅÓ 

×ÅÒÅ ÕÎÁÖÁÉÌÁÂÌÅȢ  )Î ÁÄÄÉÔÉÏÎȟ 1')3 ×ÁÓ ÕÓÅÄ ÅØÔÅÎÓÉÖÅÌÙ ÆÏÒ ÄÁÔÁ ÖÉÓÕÁÌÉÓÁÔÉÏÎ ÁÎÄ ÔÈÅ 

ÇÅÎÅÒÁÔÉÏÎ ÏÆ ПÉÇÕÒÅÓȢ   

&ÕÒÔÈÅÒ ÓÐÁÔÉÁÌ ÄÁÔÁ ÁÎÁÌÙÓÉÓ ɉÉÎÃÌÕÄÉÎÇ ÒÁÓÔÅÒ ÁÎÁÌÙÓÉÓɊ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÉÎ ÔÈÅ ÐÒÏÇÒÁÍÍÉÎÇ 

ÌÁÎÇÕÁÇÅ 2 ÔÈÒÏÕÇÈ ÄÅÄÉÃÁÔÅÄ ÓÐÁÔÉÁÌ ÁÎÁÌÙÓÉÓ ÐÁÃËÁÇÅÓ ÉÎÃÌÕÄÉÎÇ 2ÁÓÔÅÒȟ ÓÆȟ ÓÐȟ ÒÇÄÁÌȟ ÁÎÄ ÒÇÅÏÓ 

ɉ2 #ÏÒÅ 4ÅÁÍȟ ςπςτɊȢ 

χȢχȢυȢφ 0ÒÅÄÉÃÔÉÖÅ ÍÏÄÅÌÌÉÎÇ ÍÅÔÈÏÄÓ 

0ÒÅÄÉÃÔÉÖÅ ÍÏÄÅÌÌÉÎÇ ÉÓ ÉÎÔÅÇÒÁÌ ÔÏ ÔÈÅ ÔÈÅÓÉÓͻÓ ÁÉÍ ÔÏ ÅØÐÌÏÒÅ ÂÏÔÈ ÃÕÒÒÅÎÔ ÁÎÄ ÆÕÔÕÒÅ ÒÉÓËÓ ÔÏ 

3$'φȢ 4ÈÅ ÍÏÄÅÌÌÉÎÇ ÔÅÃÈÎÉÑÕÅÓ ÅÍÐÌÏÙÅÄ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÁÒÅ ÇÅÁÒÅÄ ÔÏ×ÁÒÄÓ ÕÎÄÅÒÓÔÁÎÄÉÎÇ 

ÐÁÔÔÅÒÎÓȟ ÔÒÅÎÄÓȟ ÁÎÄ ÐÏÔÅÎÔÉÁÌ ÆÕÔÕÒÅ ÓÃÅÎÁÒÉÏÓ ÒÅÌÁÔÅÄ ÔÏ ×ÁÔÅÒȟ ÓÁÎÉÔÁÔÉÏÎȟ ÁÎÄ ÈÙÇÉÅÎÅ  ÉÎ 

-ÁÌÁ×ÉȢ 

7ÉÔÈÉÎ ÔÈÉÓ ×ÏÒËȟ ÓÔÁÔÉÓÔÉÃÁÌ ÁÎÁÌÙÓÉÓȟ ÍÏÄÅÌÌÉÎÇȟ ÁÎÄ ÖÉÓÕÁÌÉÓÁÔÉÏÎ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÐÒÉÍÁÒÉÌÙ 

ÔÈÒÏÕÇÈ ÔÈÅ ÓÔÁÔÉÓÔÉÃÁÌ ÁÎÁÌÙÓÉÓ ÓÏÆÔ×ÁÒÅȟ 2 ɉ2 #ÏÒÅ 4ÅÁÍȟ ςπςτɊȢ 

χȢχȢυȢφȢυ ,ÉÎÅÁÒ ÍÏÄÅÌÌÉÎÇ 

,ÉÎÅÁÒ ÍÏÄÅÌÌÉÎÇ ÉÓ Á ÓÔÁÔÉÓÔÉÃÁÌ ÁÐÐÒÏÁÃÈ ÕÔÉÌÉÓÅÄ ÔÏ ÅØÐÌÏÒÅ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ Á 

ÄÅÐÅÎÄÅÎÔ ÖÁÒÉÁÂÌÅ ÁÎÄ ÏÎÅ ÏÒ ÍÏÒÅ ÉÎÄÅÐÅÎÄÅÎÔ ÖÁÒÉÁÂÌÅÓȟ ÏÐÅÒÁÔÉÎÇ ÕÎÄÅÒ ÔÈÅ ÁÓÓÕÍÐÔÉÏÎ 



σχ 
 

ÔÈÁÔ ÔÈÉÓ ÒÅÌÁÔÉÏÎÓÈÉÐ ÃÁÎ ÂÅ ÒÅÐÒÅÓÅÎÔÅÄ ÂÙ Á ÌÉÎÅÁÒ ÅÑÕÁÔÉÏÎȢ !Ó Á ÓÉÍÐÌÅ ÔÙÐÅ ÏÆ ÁÎÁÌÙÓÉÓȟ ÉÔ ÉÓ 

ÏÎÅ ÏÆ ÔÈÅ ÍÏÓÔ ÃÏÍÍÏÎÌÙ ÕÓÅÄ ÐÒÅÄÉÃÔÉÖÅ ÍÏÄÅÌÌÉÎÇ ÔÅÃÈÎÉÑÕÅÓ ×ÉÔÈ ÍÁÎÙ ÖÁÒÉÁÎÔÓȟ ÅÁÃÈ 

ÏÆÆÅÒÉÎÇ ÓÐÅÃÉПÉÃ ÉÎÓÉÇÈÔÓȢ 

3ÉÍÐÌÅ ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎȟ ÁÎÄ ÇÅÎÅÒÁÌÉÓÅÄ ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎ ɉÏÒ ÇÅÎÅÒÁÌÉÓÅÄ ÌÉÎÅÁÒ ÍÏÄÅÌÌÉÎÇɊ ÁÒÅ 

ÃÏÍÍÏÎ ÖÁÒÉÁÎÔÓ ÏÆ ÌÉÎÅÁÒ ÍÏÄÅÌÓ ÁÎÄ ×ÅÒÅ ÕÓÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓȢ 3ÉÍÐÌÅ ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎ ÉÓ 

ÕÓÅÄ ÔÏ ÍÏÄÅÌ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ Ô×Ï ÖÁÒÉÁÂÌÅÓȢ )Î ÓÉÍÐÌÅ ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎȟ ÔÈÅ ÇÏÁÌ ÉÓ ÔÏ 

ÅÓÔÉÍÁÔÅ ÔÈÅ ÓÌÏÐÅ ÁÎÄ ÉÎÔÅÒÃÅÐÔ ÏÆ ÔÈÅ ÒÅÇÒÅÓÓÉÏÎ ÌÉÎÅ ÔÈÁÔ ÂÅÓÔ ПÉÔÓ ÔÈÅ ÏÂÓÅÒÖÅÄ ÄÁÔÁ ÐÏÉÎÔÓȟ 

ÍÉÎÉÍÉÚÉÎÇ ÔÈÅ ÓÕÍ ÏÆ ÓÑÕÁÒÅÄ ÄÉÆÆÅÒÅÎÃÅÓ ÂÅÔ×ÅÅÎ ÔÈÅ ÏÂÓÅÒÖÅÄ ÁÎÄ ÐÒÅÄÉÃÔÅÄ ÖÁÌÕÅÓȢ 7ÉÔÈÉÎ 

ÔÈÉÓ ÔÈÅÓÉÓ ÓÉÍÐÌÅ ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎ ×ÁÓ ÕÓÅÄ ÔÏ ÅØÁÍÉÎÅ ÁÎÄ ÆÏÒÅÃÁÓÔ ÆÕÔÕÒÅ ÔÒÅÎÄÓȢ  

'ÅÎÅÒÁÌÉÓÅÄ ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎ ɉÏÒ ÇÅÎÅÒÁÌÉÚÅÄ ÌÉÎÅÁÒ ÍÏÄÅÌÌÉÎÇɊ ÅØÔÅÎÄÓ ÔÈÅ ÐÒÉÎÃÉÐÌÅÓ ÏÆ ÓÉÍÐÌÅ 

ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎ ÔÏ ÁÃÃÏÍÍÏÄÁÔÅ ÍÏÒÅ ÃÏÍÐÌÅØ ÒÅÌÁÔÉÏÎÓÈÉÐÓ ÂÅÔ×ÅÅÎ ÖÁÒÉÁÂÌÅÓ ÁÎÄ ÈÁÎÄÌÅ 

ÎÏÎȤÎÏÒÍÁÌÌÙ ÄÉÓÔÒÉÂÕÔÅÄ ÏÕÔÃÏÍÅ ÖÁÒÉÁÂÌÅÓ ɉ,ÉÕȟ ςπρφɊȢ 5ÎÌÉËÅ ÓÉÍÐÌÅ ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎȟ ×ÈÉÃÈ 

ÁÓÓÕÍÅÓ ÔÈÁÔ ÔÈÅ ÒÅÓÐÏÎÓÅ ÖÁÒÉÁÂÌÅ ÆÏÌÌÏ×Ó Á ÎÏÒÍÁÌ ÄÉÓÔÒÉÂÕÔÉÏÎȟ ÇÅÎÅÒÁÌÉÓÅÄ ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎ 

ÁÌÌÏ×Ó ÆÏÒ ÒÅÓÐÏÎÓÅ ÖÁÒÉÁÂÌÅÓ ÔÈÁÔ ÆÏÌÌÏ× ÏÔÈÅÒ ÄÉÓÔÒÉÂÕÔÉÏÎÓȟ ÓÕÃÈ ÁÓ ÂÉÎÏÍÉÁÌȟ ÐÏÉÓÓÏÎȟ ÏÒ 

ÇÁÍÍÁ ÄÉÓÔÒÉÂÕÔÉÏÎÓȢ  

7ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ',- ÍÏÄÅÌÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÅØÁÍÉÎÅ ÍÕÌÔÉÐÌÅ ÖÁÒÉÁÂÌÅÓ ÓÉÍÕÌÔÁÎÅÏÕÓÌÙ ÔÏ 

ÉÄÅÎÔÉÆÙ ÔÈÅ ÒÅÌÁÔÉÖÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÅÁÃÈ ÐÒÅÄÉÃÔÏÒ ÖÁÒÉÁÂÌÅ ÉÎ ÅØÐÌÁÉÎÉÎÇ ÖÁÒÉÁÂÉÌÉÔÙ ÉÎ ÁÎ 

ÏÕÔÃÏÍÅ ÖÁÒÉÁÂÌÅȢ 4ÈÅ ÃÏÅÆПÉÃÉÅÎÔÓ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÅÁÃÈ ÐÒÅÄÉÃÔÏÒ ÕÓÅÄ ÔÏ ÁÓÓÅÓÓ ÔÈÅ ÓÔÒÅÎÇÔÈ 

ÁÎÄ ÄÉÒÅÃÔÉÏÎ ÏÆ ÔÈÅÉÒ ÅÆÆÅÃÔÓ ÏÎ ÔÈÅ ÒÅÓÐÏÎÓÅ ÖÁÒÉÁÂÌÅȢ /ÔÈÅÒ ÖÁÒÉÁÂÌÅÓ ÁÒÅ ÃÏÎÔÒÏÌÌÅÄ ×ÉÔÈÉÎ ÔÈÅ 

ÍÏÄÅÌȟ ÔÏ ÐÒÏÖÉÄÅ ÃÏÍÐÁÒÉÓÏÎ ÏÆ ÔÈÅ ÒÅÌÁÔÉÖÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÍÕÌÔÉÐÌÅ ÐÒÅÄÉÃÔÏÒÓȢ   

',-Ó ÃÁÎ ÂÅ ÅØÔÅÎÄÅÄ ÆÕÒÔÈÅÒ ÔÏ 'ÅÎÅÒÁÌÉÓÅÄ ,ÉÎÅÁÒ -ÉØÅÄ -ÏÄÅÌÓ ɉ',--ÓɊ ×ÈÉÃÈ ÉÎÃÏÒÐÏÒÁÔÅ 

ÒÁÎÄÏÍ ÁÎÄ ПÉØÅÄ ÅÆÆÅÃÔÓ ÉÎÔÏ ÔÈÅ ÍÏÄÅÌ ÓÔÒÕÃÔÕÒÅȟ ÁÌÌÏ×ÉÎÇ ÆÏÒ ÔÈÅ ÁÎÁÌÙÓÉÓ ÏÆ ÃÌÕÓÔÅÒÅÄ ÏÒ 

ÈÉÅÒÁÒÃÈÉÃÁÌ ÄÁÔÁ ×ÈÅÒÅ ÏÂÓÅÒÖÁÔÉÏÎÓ ÁÒÅ ÎÏÔ ÉÎÄÅÐÅÎÄÅÎÔ ɉ2ÁÂÅȤ(ÅÓËÅÔÈ ÁÎÄ 3ËÒÏÎÄÁÌȟ ςππψȠ 

-ÕÓÃÈÅÌÌÉ ÅÔ ÁÌȢȟ ςπρτɊɊȢ 7ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ',--Ó ×ÅÒÅ ÕÓÅÄ ×ÈÅÒÅ ÁÄÄÉÔÉÏÎÁÌ ÉÎÄÅÐÅÎÄÅÎÔ 

ÖÁÒÉÁÂÌÅÓ ÈÁÖÅ ÅÆÆÅÃÔÓ ÏÎ ÔÈÅ ÄÅÐÅÎÄÅÎÔ ÖÁÒÉÁÂÌÅÓ ÂÕÔ ÁÒÅ ÎÏÔ ÉÎÄÅÐÅÎÄÅÎÔ ÖÁÒÉÁÂÌÅÓ ÏÆ ÉÎÔÅÒÅÓÔȢ 

',--Ó ÁÒÅ ÕÓÅÄ ÔÏ ÉÄÅÎÔÉÆÙ ×ÈÉÃÈ ÖÁÒÉÁÂÌÅÓ ÈÁÖÅ ÔÈÅ ÓÔÒÏÎÇÅÓÔ ÉÍÐÁÃÔ ÏÎ ÏÕÔÃÏÍÅ ÖÁÒÉÁÂÌÅÓȢ 



σψ 
 

&ÕÒÔÈÅÒ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÍÏÄÅÌ ÁÓÓÕÍÐÔÉÏÎÓ ÁÎÄ ÖÅÒÉПÉÃÁÔÉÏÎ ÉÓ ÐÒÏÖÉÄÅÄ ÉÎ ÄÅÔÁÉÌ ×ÉÔÈÉÎ ÓÐÅÃÉПÉÃ 

ÐÁÐÅÒÓ ÉÎ ÃÈÁÐÔÅÒÓ τȤχȢ  

χȢχȢυȢφȢφ 2ÁÎÄÏÍ ÆÏÒÅÓÔ  

2ÁÎÄÏÍ &ÏÒÅÓÔ ÐÒÏÖÉÄÅÓ ÁÎ ÁÌÔÅÒÎÁÔÉÖÅ ÍÅÔÈÏÄ ÏÆ ÐÒÅÄÉÃÔÉÖÅ ÍÏÄÅÌÌÉÎÇȟ ÁÌÓÏ ÈÁÎÄÌÉÎÇ ÃÏÍÐÌÅØ 

ÒÅÌÁÔÉÏÎÓÈÉÐÓ ÂÅÔ×ÅÅÎ ÐÒÅÄÉÃÔÏÒ ÖÁÒÉÁÂÌÅÓ ÁÎÄ ÄÅÐÅÎÄÅÎÔ ÖÁÒÉÁÂÌÅÓ ɉ,ÏÕÐÐÅȟ ςπρτɊȢ 5ÎÌÉËÅ 

ÌÉÎÅÁÒ ÍÏÄÅÌÌÉÎÇȟ ÒÁÎÄÏÍ ÆÏÒÅÓÔÓ ÉÎÖÏÌÖÅ ÔÈÅ ÃÏÎÓÔÒÕÃÔÉÏÎ ÏÆ ÍÕÌÔÉÐÌÅ ÄÅÃÉÓÉÏÎ ÔÒÅÅÓȢ %ÁÃÈ ÔÒÅÅ ÉÓ 

ÂÕÉÌÔ ÕÓÉÎÇ Á ÒÁÎÄÏÍ ÓÕÂÓÅÔ ÏÆ ÔÈÅ ÔÒÁÉÎÉÎÇ ÄÁÔÁ ÁÎÄ Á ÒÁÎÄÏÍ ÓÕÂÓÅÔ ÏÆ ÔÈÅ ÆÅÁÔÕÒÅÓȟ ÍÕÌÔÉÐÌÅ 

ÔÒÅÅÓ ÁÒÅ ÃÏÎÓÔÒÕÃÔÅÄ ×ÉÔÈ ÄÉÆÆÅÒÅÎÔ ÓÕÂÓÅÔÓ ÏÆ ÆÅÁÔÕÒÅÓ ÔÏ ÄÅÔÅÒÍÉÎÅ ×ÈÉÃÈ ÆÅÁÔÕÒÅÓ ÁÒÅ ÍÏÓÔ 

ÉÍÐÏÒÔÁÎÔȢ   

7ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÒÁÎÄÏÍ ÆÏÒÅÓÔ ÍÏÄÅÌÌÉÎÇ ×ÁÓ ÕÓÅÄ ÆÏÒ ÐÒÅÄÉÃÔÉÎÇ ÓÐÁÔÉÁÌ ÐÁÔÔÅÒÎÓ ÏÆ Á ÖÁÒÉÁÂÌÅ 

ÏÆ ÉÎÔÅÒÅÓÔȢ 7ÈÉÌÓÔ ÔÈÅ ÒÁÎÄÏÍ ÆÏÒÅÓÔ ÍÏÄÅÌÌÉÎÇ ÄÏÅÓ ÐÒÏÖÉÄÅ ÉÎÓÉÇÈÔ ÉÎÔÏ ÔÈÅ ÒÅÌÁÔÉÖÅ 

ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÍÕÌÔÉÐÌÅ ÐÒÅÄÉÃÔÏÒ ÖÁÒÉÁÂÌÅÓ ÕÓÅÄ ×ÉÔÈÉÎ ÒÁÎÄÏÍ ÆÏÒÅÓÔ ÍÏÄÅÌÓȟ ÉÔ ÄÏÅÓ ÎÏÔ 

ÐÒÏÖÉÄÅ ÇÅÎÅÒÁÌ ÉÎÆÏÒÍÁÔÉÏÎ ÏÆ ÔÈÅ ÓÉÇÎÉПÉÃÁÎÃÅ ÏÆ ÔÈÅ ÖÁÒÉÁÂÌÅ ÏÖÅÒÁÌÌ ÁÎÄ ÔÈÅÒÅÆÏÒÅ ÈÁÓ ÌÉÍÉÔÅÄ 

ÉÎÆÏÒÍÁÔÉÏÎ ÆÏÒ ÄÅÔÅÒÍÉÎÉÎÇ ÔÈÅ ÒÅÌÁÔÉÖÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÍÕÌÔÉÐÌÅ ÐÒÅÄÉÃÔÏÒ ÖÁÒÉÁÂÌÅÓ ɉ)ÓÈ×ÁÒÁÎȟ 

ςππχɊȢ  

χȢχȢυȢφȢχ (ÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ 

(ÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÁÐÐÌÉÅÓ ÍÕÌÔÉÐÌÅ ÍÅÔÈÏÄÓ ÔÏ ÓÉÍÕÌÁÔÅ ÈÙÄÒÏÌÏÇÉÃÁÌ ÅÖÅÎÔÓ ÁÎÄ ÃÒÅÁÔÅ 

ÒÅÐÒÅÓÅÎÔÁÔÉÏÎÓ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ 7ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓȟ ÔÈÅ ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌȟ ÔÈÅ 

#ÏÍÍÕÎÉÔÙ 7ÁÔÅÒ -ÏÄÅÌ ɉ#7ÁÔ-Ɋ ×ÁÓ ÕÓÅÄ ÆÏÒ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ɉ"ÕÒÅË ÅÔ ÁÌȢȟ ςπςπɊȢ 4ÈÅ 

ÍÏÄÅÌ ÆÅÁÔÕÒÅÓ ÍÕÌÔÉÐÌÅ ÉÎÐÕÔÓ ÁÎÄ ÏÕÔÐÕÔÓȟ ÎÏÔÁÂÌÙ ÒÅÐÒÅÓÅÎÔÉÎÇ ×ÁÔÅÒ ÄÅÍÁÎÄȢ &ÕÒÔÈÅÒ ÄÅÔÁÉÌ 

ÏÆ ÔÈÅ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÐÒÏÃÅÓÓ ÉÓ ÐÒÏÖÉÄÅÄ ×ÉÔÈÉÎ ÔÈÅ ÓÐÅÃÉПÉÃ ÍÅÔÈÏÄÓ ÓÕÂȤÃÈÁÐÔÅÒÓ ÏÆ 

ÐÁÐÅÒÓ ×ÉÔÈÉÎ ÃÈÁÐÔÅÒ τȢ  

4ÈÅ ÔÈÒÅÅȤÄÉÍÅÎÓÉÏÎÁÌ ПÉÎÉÔÅȤÄÉÆÆÅÒÅÎÃÅ ÇÒÏÕÎÄ×ÁÔÅÒ ПÌÏ× ÍÏÄÅÌ -/$&,/7 ×ÁÓ ÁÌÓÏ ÕÓÅÄ 

×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÄÕÅ ÔÏ ÉÔÓ ÃÁÐÁÃÉÔÙ ÔÏ ÏÆÆÅÒ ÅÎÈÁÎÃÅÄ ÍÏÄÅÌÌÉÎÇ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÄÙÎÁ-)#3 

ɉ-/$&,/7 φɊȟ ÁÎ ÁÒÅÁ ×ÈÉÃÈ ÉÓ ÏÆÔÅÎ ÌÉÍÉÔÅÄ ÉÎ ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ɉ'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ 

ςπςςɊȢ ! ÃÏÕÐÌÅÄ ÍÏÄÅÌ ÏÆ ÔÈÅ #7ÁÔ- ÁÎÄ -/$&,/7 ×ÁÓ ÕÓÅÄ ɉ'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςςɊ ÔÏ 



σω 
 

ÅÎÁÂÌÅ ÈÏÌÉÓÔÉÃ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÍÏÄÅÌÌÉÎÇȢ 4ÈÅ ÍÏÄÅÌ ×ÁÓ ÃÏÄÅÄ ÉÎ ÔÈÅ ÐÒÏÇÒÁÍÍÉÎÇ ÌÁÎÇÕÁÇÅ 

ÐÙÔÈÏÎ ɉ6ÁÎ 2ÏÓÓÕÍ ÁÎÄ $ÒÁËÅȟ ρωωυɊ ×ÉÔÈ ÁÎÁÌÙÓÉÓ ÏÆ ÍÏÄÅÌ ÏÕÔÐÕÔÓ ÃÏÎÄÕÃÔÅÄ ÉÎ 2 ɉ2 #ÏÒÅ 

4ÅÁÍȟ ςπςτɊȢ  

σȢτ 1ÕÁÌÉÔÁÔÉÖÅ ÄÁÔÁ ÃÏÌÌÅÃÔÉÏÎ ÁÎÄ ÁÎÁÌÙÓÉÓ 

)Î ÁÄÄÉÔÉÏÎ ÔÏ ÑÕÁÎÔÉÔÁÔÉÖÅ ÄÁÔÁȟ ÑÕÁÌÉÔÁÔÉÖÅ ÄÁÔÁ ×ÁÓ ÕÓÅÄ ÔÏ ÅÎÈÁÎÃÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÅÖÅÒÙ 

ÁÓÐÅÃÔ ÏÆ 3$'φ ÅØÐÌÏÒÅÄ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓȢ 3ÏÍÅ ÏÆ ÔÈÅ ÍÅÔÈÏÄÓ ÕÓÅÄ ÔÏ ÃÏÌÌÅÃÔ ÁÎÄ ÁÎÁÌÙÓÅ 

ÑÕÁÌÉÔÁÔÉÖÅ ÄÁÔÁ ÁÒÅ ÓÕÍÍÁÒÉÓÅÄ ÂÅÌÏ×Ȣ 

σȢτȢρ 1ÕÁÌÉÔÁÔÉÖÅ ÓÕÒÖÅÙ ÄÁÔÁ 

4ÈÅ #*& ÓÕÒÖÅÙÓ ÄÉÓÃÕÓÓÅÄ ÁÂÏÖÅ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπρωɊȟ ÎÏÔ ÏÎÌÙ ÇÁÔÈÅÒÅÄ ÑÕÁÎÔÉÔÁÔÉÖÅ ÄÁÔÁ 

ÓÕÒÒÏÕÎÄÉÎÇ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÉÎ -ÁÌÁ×Éȟ ÂÕÔ ÁÌÓÏ ÐÒÏÖÉÄÅÄ ÑÕÁÌÉÔÁÔÉÖÅ ÄÁÔÁȟ 

ÐÁÒÔÉÃÕÌÁÒÌÙ ÒÅÇÁÒÄÉÎÇ ÁÔÔÉÔÕÄÅÓ ÔÏ×ÁÒÄÓ ×ÁÔÅÒȤÐÏÉÎÔ ÁÎÄ ÓÁÎÉÔÁÒÙ ÆÁÃÉÌÉÔÙ ÍÁÎÁÇÅÍÅÎÔȢ 

0ÁÒÔÉÃÉÐÁÎÔÓ ×ÅÒÅ ÁÓËÅÄ ÔÏ ÒÅÓÐÏÎÄ ÔÏ ÓÅÔ ÑÕÅÓÔÉÏÎÓ ÁÎÄ ÔÒÁÉÎÅÄ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É 

ÅÎÕÍÅÒÁÔÏÒÓ ÌÉÓÔÅÄ ×ÈÅÔÈÅÒ ÒÅÓÐÏÎÓÅÓ ÆÅÌÌ ×ÉÔÈÉÎ ÐÒÅȤÄÅÔÅÒÍÉÎÅÄ ÃÁÔÅÇÏÒÉÅÓȾ ÔÈÅÍÅÓȟ ÌÉÓÔÅÎÉÎÇ 

ÁÌÌ ÁÒÅÁÓ ÍÅÎÔÉÏÎÅÄ ÁÎÄ ÄÅÅÍÅÄ ÒÅÌÅÖÁÎÔȢ )Æ ÐÁÒÔÓ ÏÆ Á ÒÅÓÐÏÎÓÅ ÄÉÄ ÎÏÔ ПÉÔ ×ÉÔÈÉÎ Á ÌÉÓÔÅÄ 

ÃÁÔÅÇÏÒÙȟ ÉÔ ×ÁÓ ÒÅÃÏÒÄÅÄ ÁÓ ȬÏÔÈÅÒȭ ÁÎÄ Á ×ÒÉÔÔÅÎ ÓÙÎÏÐÓÉÓ ×ÁÓ ÇÉÖÅÎȢ  

1ÕÁÌÉÔÁÔÉÖÅ ÃÏÎÔÅÎÔ ÁÎÁÌÙÓÉÓ ×ÁÓ ÕÓÅÄ ÔÏ ÁÎÁÌÙÓÅ ÔÈÅ ÇÁÔÈÅÒÅÄ ÑÕÁÌÉÔÁÔÉÖÅ ÄÁÔÁȟ ÇÒÏÕÐÉÎÇ 

ÒÅÓÐÏÎÓÅÓ ÉÎÔÏ ÔÈÅÍÁÔÉÃ ÃÌÕÓÔÅÒÓ ÔÏ ÐÒÏÖÉÄÅ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ÃÏÍÍÏÎÌÙ ÇÉÖÅÎ ÒÅÓÐÏÎÓÅÓȢ !ÌÌ 

ÓÔÕÄÉÅÓ ÆÏÌÌÏ×ÅÄ ÅÔÈÉÃÁÌ ÇÕÉÄÁÎÃÅ ÆÒÏÍ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É ÁÎÄ ÉÎÆÏÒÍÅÄ ÃÏÎÓÅÎÔ ×ÁÓ 

ÏÂÔÁÉÎÅÄ ÆÏÒ ÄÁÔÁ ÃÏÌÌÅÃÔÉÏÎȢ  

σȢτȢς 7ÏÒËÓÈÏÐ ÒÅÓÐÏÎÓÅÓ 

!ÌÏÎÇÓÉÄÅ ÔÈÅ ÑÕÁÎÔÉÔÁÔÉÖÅ ÒÅÓÐÏÎÓÅÓ ÃÏÌÌÅÃÔÅÄȟ ÔÈÅ #!2% ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÓÕÒÖÅÙ ɉςπρωɊ 

ÁÌÓÏ ÃÏÎÄÕÃÔÅÄ ÓÔÁËÅÈÏÌÄÅÒ ×ÏÒËÓÈÏÐÓ ÉÎ ÔÈÅ ÓÅÌÅÃÔÅÄ ÃÏÍÍÕÎÉÔÉÅÓȟ ÔÏ ÆÕÒÔÈÅÒ ÇÁÕÇÅ ÁÔÔÉÔÕÄÅÓ 

ÔÏ ÓÁÎÉÔÁÔÉÏÎ ÁÎÄ ÈÙÇÉÅÎÅ ÃÈÁÌÌÅÎÇÅÓȢ 0ÕÂÌÉÃ ÁÔÔÉÔÕÄÅÓ ÁÎÄ ÏÔÈÅÒ ÉÎÓÉÇÈÔÓ ÆÒÏÍ ÔÈÅÓÅ ×ÏÒËÓÈÏÐÓȟ 

ÁÌÏÎÇÓÉÄÅ ÓÐÅÃÉПÉÃ ÑÕÏÔÅÓȟ ×ÅÒÅ ÕÓÅÄ ÔÏ ÁÉÄ ÔÈÅ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎ ÏÆ ÑÕÁÎÔÉÔÁÔÉÖÅ ПÉÎÄÉÎÇÓȢ 4ÈÅ ÓÔÕÄÙ 



τπ 
 

ÆÏÌÌÏ×ÅÄ ÇÕÉÄÅÌÉÎÅÓ ÆÒÏÍ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É %ÔÈÉÃÓ #ÏÍÍÉÔÔÅÅ ÁÎÄ ÉÎÆÏÒÍÅÄ ÃÏÎÓÅÎÔ 

×ÁÓ ÏÂÔÁÉÎÅÄ ÆÒÏÍ ÁÌÌ ÐÁÒÔÉÃÉÐÁÎÔÓȢ  

σȢτȢσ 3ÅÍÉȤÓÔÒÕÃÔÕÒÅÄ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó  

3ÅÍÉȤÓÔÒÕÃÔÕÒÅÄ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó ÁÒÅ ÁÎÏÔÈÅÒ ÑÕÁÌÉÔÁÔÉÖÅ ÒÅÓÅÁÒÃÈ ÍÅÔÈÏÄ ÔÈÁÔ ×ÁÓ ÕÓÅÄ 

ÔÏ ÇÁÔÈÅÒ ÉÎÓÉÇÈÔÓ ÁÎÄ ÐÅÒÓÐÅÃÔÉÖÅÓ ÆÒÏÍ ËÅÙ ÉÎÄÉÖÉÄÕÁÌÓȢ 4ÈÅ ÉÎÔÅÒÖÉÅ×Ó ÉÎÖÏÌÖÅÄ Á ПÌÅØÉÂÌÅ 

ÆÒÁÍÅ×ÏÒË ×ÉÔÈ ÐÒÅÄÅÔÅÒÍÉÎÅÄ ÑÕÅÓÔÉÏÎÓ ÂÕÔ ÁÌÌÏ×ÉÎÇ ÆÏÒ ÏÐÅÎȤÅÎÄÅÄ ÄÉÓÃÕÓÓÉÏÎ ÔÏ ÇÁÔÈÅÒ 

ÉÎÓÉÇÈÔ ÁÎÄ ÐÅÒÓÐÅÃÔÉÖÅÓ ÉÎ Á ÄÙÎÁÍÉÃ ×ÁÙȢ 

3ÅÍÉȤÓÔÒÕÃÔÕÒÅÓ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó ×ÅÒÅ ÕÓÅÄ ÔÏ ÄÅÖÅÌÏÐ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÏÐÉÃ ÁÒÅÁ ÁÎÄ 

ÉÎÆÏÒÍ ÔÈÅ ÁÒÅÁÓ ÏÆ ÒÅÓÅÁÒÃÈ ÐÒÅÓÅÎÔÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÔÈÅÓÉÓȢ ! ÓÅÒÉÅÓ ÏÆ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó 

×ÉÔÈ ÐÏÌÉÔÉÃÉÁÎÓȟ ÐÏÌÉÃÙ ÍÁËÅÒÓȟ .'/Óȟ ÂÕÓÉÎÅÓÓÅÓȟ ÁÎÄ ÃÏÍÍÕÎÉÔÉÅÓ ×ÅÒÅ ÃÏÎÄÕÃÔÅÄ ÉÎ /ÃÔÏÂÅÒ 

ςπςςȢ 4ÈÅ ËÎÏ×ÌÅÄÇÅ ÇÁÐÓ ÉÄÅÎÔÉПÉÅÄ ÂÙ ËÅÙ ÓÔÁËÅÈÏÌÄÅÒÓȟ ×ÅÒÅ ÕÓÅÄ ÁÌÏÎÇÓÉÄÅ ÌÉÔÅÒÁÔÕÒÅ 

ÉÄÅÎÔÉПÉÅÄ ËÎÏ×ÌÅÄÇÅ ÇÁÐÓ ÔÏ ÉÎÆÏÒÍ ÁÎÄ ÇÕÉÄÅ ÔÈÅ ÆÏÃÕÓ ÁÒÅÁÓ ÏÆ ÒÅÓÅÁÒÃÈȢ %ÍÐÈÁÓÉÓÉÎÇ ÃÌÏÓÅ 

ÓÔÁËÅÈÏÌÄÅÒ ÅÎÇÁÇÅÍÅÎÔ ÅÎÓÕÒÅÄ ÔÈÅ ×ÏÒË ÐÒÅÓÅÎÔÅÄ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ÉÓ ÒÏÏÔÅÄ ÉÎ ÓÔÁËÅÈÏÌÄÅÒ 

ÎÅÅÄÓȢ %ÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ×ÁÓ ÏÂÔÁÉÎÅÄ ÔÈÒÏÕÇÈ ÔÈÅ *ÁÍÅÓ (ÕÔÔÏÎ )ÎÓÔÉÔÕÔÅ %ÔÈÉÃÓ #ÏÍÍÉÔÔÅÅȢ  

!ÌÏÎÇÓÉÄÅ ÔÈÅ ÂÒÏÁÄȤÂÁÓÅÄ ÓÔÁËÅÈÏÌÄÅÒ ÅÎÇÁÇÅÍÅÎÔ ÍÅÎÔÉÏÎÅÄȟ Á ÓÅÒÉÅÓ ÏÆ ÓÐÅÃÉПÉÃ ÓÅÍÉȤ

ÓÔÒÕÃÔÕÒÅÄ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó ×ÅÒÅ ÃÏÎÄÕÃÔÅÄ ÉÎ *ÕÌÙ ςπςσ ÔÏ ÉÎÆÏÒÍ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 

-ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ɉÄÉÓÃÕÓÓÅÄ ÉÎ ÄÅÔÁÉÌ ÉÎ #ÈÁÐÔÅÒ τɊȢ %ÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ×ÁÓ ÓÏÕÇÈÔ ÆÒÏÍ 

ÔÈÅ ))!3! ÅÔÈÉÃÁÌ ÃÏÍÍÉÔÔÅÅ ÁÎÄ ÉÎÆÏÒÍÅÄ ÃÏÎÓÅÎÔ ×ÁÓ ÏÂÔÁÉÎÅÄ ÆÒÏÍ ÁÌÌ ÐÁÒÔÉÃÉÐÁÎÔÓȢ 

σȢυ %ÔÈÉÃÓ 

7ÈÅÒÅ ÒÅÌÅÖÁÎÔȟ ÅÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ×ÁÓ ÓÏÕÇÈÔ ÆÏÒ ÁÌÌ ÁÓÐÅÃÔÓ ÏÆ ÔÈÅ ÒÅÓÅÁÒÃÈ ÃÏÎÄÕÃÔÅÄ ×ÉÔÈÉÎ 

ÔÈÉÓ ÔÈÅÓÉÓȢ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 3ÔÒÁÔÈÃÌÙÄÅ ÇÕÉÄÅÌÉÎÅÓ ÏÎ ÅÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ×ÅÒÅ ÆÏÌÌÏ×ÅÄ ÔÏ ÄÅÔÅÒÍÉÎÅ 

×ÈÅÒÅ ÅÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ×ÁÓ ÒÅÑÕÉÒÅÄȢ %ÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ×ÁÓ ÓÏÕÇÈÔ ÆÒÏÍ ÔÈÅ *ÁÍÅÓ (ÕÔÔÏÎ 

)ÎÓÔÉÔÕÔÅ %ÔÈÉÃÓ ÂÏÁÒÄ ÆÏÒ Á ÓÅÒÉÅÓ ÏÆ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó ÇÁÔÈÅÒÉÎÇ ÖÉÅ×Ó ÏÆ ÐÒÉÏÒÉÔÉÅÓ ÁÎÄ 

ÃÏÎÃÅÒÎÓ ÉÎ 3$'φȢ )Î ÁÄÄÉÔÉÏÎȟ ÅÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ÆÒÏÍ ÔÈÅ *ÁÍÅÓ (ÕÔÔÏÎ )ÎÓÔÉÔÕÔÅ ×ÁÓ ÇÒÁÎÔÅÄ ÆÏÒ 

Á ÓÅÒÉÅÓ ÏÆ ÉÎÔÅÒÖÉÅ×Ó ×ÉÔÈ ÃÏÍÍÕÎÉÔÉÅÓ ÐÒÁÃÔÉÓÉÎÇ ÂÏÒÅÈÏÌÅȤÇÁÒÄÅÎ ÐÅÒÍÁÃÕÌÔÕÒÅ ÔÏ ÄÅÖÅÌÏÐ 



τρ 
 

ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÅ ÁÄÏÐÔÉÏÎ ÏÆ ÔÈÅ ÔÅÃÈÎÉÑÕÅȢ %ÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ×ÁÓ ÐÒÏÖÉÄÅÄ ÂÙ ÔÈÅ ))!3! ÅÔÈÉÃÓ 

ÃÏÍÍÉÔÔÅÅ ÆÏÒ Á ÓÅÒÉÅÓ ÏÆ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó ÔÏ ÄÅÖÅÌÏÐ ÃÏÎÃÅÐÔÕÁÌ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 

-ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÁÎÄ ÉÎÆÏÒÍ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ Á ÎÁÔÉÏÎÁÌ ÍÏÄÅÌ ÏÆ ×ÁÔÅÒ 

ÒÅÓÏÕÒÃÅÓȢ %ÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ÉÓ ÄÅÔÁÉÌÅÄ ×ÉÔÈÉÎ ÅÁÃÈ ÐÉÅÃÅ ÏÆ ×ÏÒË ÐÒÅÓÅÎÔÅÄȢ !ÌÌ ÐÁÒÔÉÃÉÐÁÎÔÓ 

ÐÒÏÖÉÄÅÄ ÉÎÆÏÒÍÅÄ ÃÏÎÓÅÎÔ ÁÎÄ ÁÌÌ ÄÁÔÁ ×ÁÓ ÁÎÏÎÙÍÉÓÅÄȢ  

7ÈÅÒÅ ÅÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ×ÁÓ ÎÏÔ ÒÅÑÕÉÒÅÄ ÁÓ ÔÈÅ ÉÎÆÏÒÍÁÔÉÏÎ ×ÁÓ ÆÁÃÔÕÁÌȟ ÁÓ ÉÎ ÔÈÅ ÃÁÓÅ ÏÆ ÔÈÅ #*& 

ÓÕÒÖÅÙȟ ÏÒ ÇÁÔÈÅÒÅÄ ÂÙ Á ÔÈÉÒÄ ÐÁÒÔÙȟ ÁÓ ÉÎ ÔÈÅ ÃÁÓÅ ÏÆ ÔÈÅ #!2% )ÎÔÅÒÎÁÔÉÏÎÁÌ ÓÕÒÖÅÙÓȟ ÁÌÌ ÄÁÔÁ 

ÆÏÌÌÏ×ÅÄ ÇÕÉÄÁÎÃÅ ÆÒÏÍ ÔÈÅ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É %ÔÈÉÃÓ #ÏÍÍÉÔÔÅÅȢ  

&ÕÒÔÈÅÒ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÅÔÈÉÃÁÌ ÁÐÐÒÏÖÁÌ ÉÓ ÐÒÏÖÉÄÅÄ ÉÎ !ÐÐÅÎÄÉØ #Ȣ  

)Î ÔÈÉÓ ×ÏÒËȟ ÒÅÓÅÁÒÃÈÅÒ ÐÏÓÉÔÉÏÎÁÌÉÔÙ ÉÓ Á ÃÒÉÔÉÃÁÌ ÃÏÎÓÉÄÅÒÁÔÉÏÎȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÇÉÖÅÎ ÔÈÅ ÎÏÔÁÂÌÅ 

ÄÉÆÆÅÒÅÎÃÅÓ ÉÎ ÓÏÃÉÏÅÃÏÎÏÍÉÃ ÁÎÄ ÃÕÌÔÕÒÁÌ ÃÏÎÔÅØÔÓ ÂÅÔ×ÅÅÎ ÔÈÅ ÒÅÓÅÁÒÃÈÅÒͻÓ ÂÁÃËÇÒÏÕÎÄ ÉÎ ÔÈÅ 

5+ ÁÎÄ ÔÈÅ ÒÅÓÅÁÒÃÈ ÃÏÎÔÅØÔ ÏÆ -ÁÌÁ×ÉȢ !Ó Á ×ÈÉÔÅȟ ÁÆПÌÕÅÎÔ ÒÅÓÅÁÒÃÈÅÒ ÂÁÓÅÄ ÉÎ 3ÃÏÔÌÁÎÄȟ ÔÈÅ 

ÒÅÓÅÁÒÃÈÅÒ ÂÒÉÎÇÓ Á ÓÅÔ ÏÆ ÉÎÈÅÒÅÎÔ ÂÉÁÓÅÓȟ ÐÒÉÖÉÌÅÇÅÓȟ ÁÎÄ ÐÅÒÓÐÅÃÔÉÖÅÓ ÔÈÁÔ ÍÁÙ ÎÏÔ ÆÕÌÌÙ ÁÌÉÇÎ 

×ÉÔÈ ÔÈÅ ÅØÐÅÒÉÅÎÃÅÓ ÁÎÄ ÒÅÁÌÉÔÉÅÓ ÏÆ ÍÁÎÙ ÃÏÍÍÕÎÉÔÉÅÓ ÉÎ -ÁÌÁ×ÉȢ 4Ï ÁÄÄÒÅÓÓ ÔÈÉÓȟ ÔÈÅ ÒÅÓÅÁÒÃÈ 

ÐÈÉÌÏÓÏÐÈÙ ÁÄÏÐÔÅÄ ÆÏÒ ÔÈÉÓ ÔÈÅÓÉÓ ÐÒÉÏÒÉÔÉÓÅÓ Á ÓÔÁËÅÈÏÌÄÅÒ ÃÅÎÔÒÅÄ ÁÐÐÒÏÁÃÈȟ ÐÌÁÃÉÎÇ ÔÈÅ 

ÃÏÎÃÅÒÎÓ ÁÎÄ ÉÎÓÉÇÈÔÓ ÉÄÅÎÔÉПÉÅÄ ÂÙ ËÅÙ ÓÔÁËÅÈÏÌÄÅÒÓ ÉÎ -ÁÌÁ×É ÁÔ ÔÈÅ ÆÏÒÅÆÒÏÎÔ ÏÆ ÔÈÅ ÒÅÓÅÁÒÃÈ 

ÐÒÏÃÅÓÓȢ "Ù ÁÃÔÉÖÅÌÙ ÉÎÖÏÌÖÉÎÇ ÓÔÁËÅÈÏÌÄÅÒÓ ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ ÒÅÓÅÁÒÃÈ ÊÏÕÒÎÅÙȟ ÆÒÏÍ 

ÃÏÎÃÅÐÔÕÁÌÉÓÁÔÉÏÎ ÔÏ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎȟ ÔÈÅ ÁÉÍ ÉÓ ÔÏ ÅÎÓÕÒÅ ÔÈÁÔ ÔÈÅ ÒÅÓÅÁÒÃÈ ÉÓ ÇÒÏÕÎÄÅÄ ÉÎ ÔÈÅ 

ÌÏÃÁÌ ÃÏÎÔÅØÔ ÁÎÄ ÔÈÁÔ ÔÈÅ ПÉÎÄÉÎÇÓ ÁÒÅ ÒÅÌÅÖÁÎÔȟ ÍÅÁÎÉÎÇÆÕÌȟ ÁÎÄ ÒÅÓÐÅÃÔÆÕÌ ÏÆ ÔÈÅ ÃÏÍÍÕÎÉÔÙͻÓ 

ÐÅÒÓÐÅÃÔÉÖÅÓ ÁÎÄ ÎÅÅÄÓȢ 4ÈÉÓ ÁÐÐÒÏÁÃÈ ÆÏÓÔÅÒÓ ÃÏÌÌÁÂÏÒÁÔÉÏÎȟ ÍÕÔÕÁÌ ÕÎÄÅÒÓÔÁÎÄÉÎÇȟ ÁÎÄ 

ÅÍÐÏ×ÅÒÍÅÎÔ ÁÍÏÎÇ ÁÌÌ ÉÎÖÏÌÖÅÄ ÐÁÒÔÉÅÓȟ ÕÌÔÉÍÁÔÅÌÙ ÅÎÈÁÎÃÉÎÇ ÔÈÅ ÅÔÈÉÃÁÌ ÉÎÔÅÇÒÉÔÙȟ ÃÒÅÄÉÂÉÌÉÔÙȟ 

ÁÎÄ ÖÁÌÉÄÉÔÙ ÏÆ ÔÈÅ ÒÅÓÅÁÒÃÈ ÏÕÔÃÏÍÅÓȢ 

 

 

  



τς 
 

 

 

 

 

#ÈÁÐÔÅÒ τȡ #ÈÁÌÌÅÎÇÅÓ ÏÆ  

×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÆÏÒ 3$'φ 
 

Ȱ+ÕÚÁÍÁ +×Á ÃÈÉÔÓÉÍÅ ËÕÍÁÄÚÉ×ÉËÁ ÍÁÄÚÉ ÁËÁÐÈ×ÅÒÁȱ 

#ÈÉÃÈÅ×Á ÅØÐÒÅÓÓÉÏÎ 

4ÈÅ ÄÅÐÔÈ ÏÆ Á ×ÅÌÌ ÉÓ ÁÐÐÒÅÃÉÁÔÅÄ ×ÈÅÎ ÉÔ ÒÕÎÓ ÄÒÙ 

  



τσ 
 

  



ττ 
 

#ÈÁÐÔÅÒ τȡ  #ÈÁÌÌÅÎÇÅÓ ÏÆ 7ÁÔÅÒ 3ÃÁÒÃÉÔÙ ÆÏÒ 3$'φ 

 

τȢρ )ÎÔÒÏÄÕÃÔÉÏÎ 

#ÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÔÏ ÁÃÈÉÅÖÅ 3$'φ ÁÎÄ ÅÎÓÕÒÅ ȬÃÌÅÁÎ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÆÏÒ ÁÌÌȭ 

ÒÅÑÕÉÒÅÓ ÓÁÆÅÇÕÁÒÄÉÎÇ ÂÏÔÈ ÁÐÐÒÏÐÒÉÁÔÅ ×ÁÔÅÒ ÑÕÁÎÔÉÔÙ ÁÎÄ ÑÕÁÌÉÔÙȢ 4ÈÉÓ ÃÈÁÐÔÅÒ ÁÄÄÒÅÓÓÅÓ 

ÃÈÁÌÌÅÎÇÅÓ ÉÎ ×ÁÔÅÒ ÑÕÁÎÔÉÔÙ ÆÏÒ -ÁÌÁ×É ÔÏ ÒÅÁÃÈ 3$'φȟ ÁÎÓ×ÅÒÉÎÇ 21ρ Ȱ7ÈÁÔ ÁÒÅ ÃÈÁÌÌÅÎÇÅÓ ÔÏ 

×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÉÎ -ÁÌÁ×ÉȩȱȢ 

-ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÒÅ ÄÏÍÉÎÁÔÅÄ ÂÙ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ,ÁËÅ -ÁÌÁ×É ɉÏÒ ,ÁËÅ .ÙÁÓÁɊȟ ÉÎ 

ÂÏÔÈ ÔÏÔÁÌ ×ÁÔÅÒ ÖÏÌÕÍÅ ÁÎÄ ÒÈÅÔÏÒÉÃȟ ÇÉÖÉÎÇ ÔÈÅ ÉÌÌÕÓÉÏÎ ÏÆ Á ×ÁÔÅÒ ÒÉÃÈ ÃÏÕÎÔÒÙȢ 9ÅÔ ÄÅÓÐÉÔÅ ÔÈÅ 

ÐÒÅÓÅÎÃÅ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ПÉÆÔÈ ÌÁÒÇÅÓÔ ÌÁËÅ ÌÙÉÎÇ ÌÁÒÇÅÌÙ ×ÉÔÈÉÎ ÉÔÓ ÔÅÒÒÉÔÏÒÙ ɉ(ÅÒÄÅÎÄÏÒÆȟ ρωψτɊȟ 

-ÁÌÁ×É ÉÓ ÃÌÁÓÓÅÄ ÁÓ Á ×ÁÔÅÒ ÓÃÁÒÃÅ ÃÏÕÎÔÒÙ ×ÉÔÈ ÒÅÎÅ×ÁÂÌÅ ÉÎÔÅÒÎÁÌ ÆÒÅÓÈ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÐÅÒ 

ÃÁÐÉÔÁ ÏÆ ÕÎÄÅÒ ρπππÍσ ÐÅÒ ÙÅÁÒ ɉ7ÏÒÌÄÂÁÎËȟ ςπςτɊȢ &ÕÒÔÈÅÒÍÏÒÅȟ -ÁÌÁ×É ÉÓ ÒÁÐÉÄÌÙ ÍÏÖÉÎÇ 

ÔÏ×ÁÒÄÓ ÁÂÓÏÌÕÔÅ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙȟ ÕÎÄÅÒ υππÍσ ÐÅÒ ÃÁÐÉÔÁ ÐÅÒ ÙÅÁÒȟ &ÉÇÕÒÅ τȢρȢ 5ÎÄÅÒ ÃÕÒÒÅÎÔ 

ÒÁÔÅÓ ÏÆ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ό5. 0ÏÐÕÌÁÔÉÏÎ 0ÒÏÊÅÃÔÉÏÎȟ ςπςτɊ  ÁÎÄ ÁÓÓÕÍÉÎÇ Á ÃÏÎÓÔÁÎÔ ÖÁÌÕÅ ÏÆ 

ÔÏÔÁÌ ÉÎÔÅÒÎÁÌ ÒÅÎÅ×ÁÂÌÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÏÆ ρȢφ ρπͮρφ Íσ ɉ7ÏÒÌÄÂÁÎËȟ ςπςτɊȟ  -ÁÌÁ×É ÉÓ 

ÐÒÏÊÅÃÔÅÄ ÔÏ ÒÅÁÃÈ ÁÂÓÏÌÕÔÅ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÂÙ ςπτςȢ  



τυ 
 

 

&ÉÇÕÒÅ ψȢυȡ 2ÅÎÅ×ÁÂÌÅ )ÎÔÅÒÎÁÌ &ÒÅÓÈ×ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ ɉ2)&2Ɋ ÐÅÒ ÃÁÐÉÔÁ ɉÍχɊ ÆÏÒ -ÁÌÁ×É ÃÁÌÃÕÌÁÔÅÄ 

ÁÓ ÔÈÅ ÔÏÔÁÌ 2)&2 ɉ7ÏÒÌÄÂÁÎË φτφψɊ ÄÉÖÉÄÅÄ ÂÙ ÐÏÐÕÌÁÔÉÏÎ ÐÒÏÊÅÃÔÉÏÎ ɉ5.ȟ φτφψɊȟ ÕÓÅÄ ÁÓ ÁÎ 

ÉÎÄÉÃÁÔÏÒ ÏÆ ×ÁÔÅÒ ÓÔÒÅÓÓȾ ÓÃÁÒÃÉÔÙȢ ! ÃÏÕÎÔÒÙ ÉÓ ÃÌÁÓÓÅÄ ÁÓ ×ÁÔÅÒ ÓÔÒÅÓÓÅÄ ÉÆ ÉÔ ÈÁÓ ЇυϋττÍχ 

2)&2ȾÃÁÐÉÔÁȟ ×ÁÔÅÒ ÓÃÁÒÃÅ ÁÔ υτττÍχ ÏÒ ÌÅÓÓ ÁÎÄ ÆÁÃÉÎÇ ÁÂÓÏÌÕÔÅ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÁÔ Їωττ Íχ 

2)&2ȾÃÁÐÉÔÁȢ 5ÎÄÅÒ ÓÔÁÎÄÁÒÄ ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ɉ5. 0ÏÐÕÌÁÔÉÏÎ 0ÒÏÊÅÃÔÉÏÎȟ φτφψɊȟ -ÁÌÁ×É ÉÓ 

ÆÏÒÅÃÁÓÔ ÔÏ ÒÅÁÃÈ ÁÂÓÏÌÕÔÅ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÂÙ φτψφȢ  

$ÅÓÐÉÔÅ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ÅØÔÅÎÓÉÖÅ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÓ ÃÅÎÔÒÁÌ ÔÏ ×ÁÔÅÒ 

ÓÅÃÕÒÉÔÙ ×ÉÔÈÉÎ -ÁÌÁ×ÉȠ ÉÎ ÒÕÒÁÌ ÁÒÅÁÓȟ ψςϷ ÏÆ ÄÏÍÅÓÔÉÃȟ ÁÇÒÉÃÕÌÔÕÒÁÌȟ ÁÎÄ ÉÎÄÕÓÔÒÉÁÌ ×ÁÔÅÒ ÎÅÅÄÓ 

ÁÒÅ ÓÕÐÐÌÉÅÄ ÂÙ ÇÒÏÕÎÄ×ÁÔÅÒ ɉ#ÈÁÖÕÌÁȟ ςπρςɊȢ )Î ÁÄÄÉÔÉÏÎȟ ÇÒÏÕÎÄ×ÁÔÅÒ ÈÁÓ ÂÅÅÎ ÓÈÏ×Î ÔÏ ÈÁÖÅ 

ÓÉÇÎÉПÉÃÁÎÔ ÉÎÔÅÒÐÌÁÙ ×ÉÔÈ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ×ÉÔÈÉÎ -ÁÌÁ×Éȟ ÃÏÎÔÒÉÂÕÔÉÎÇ ÓÕÂÓÔÁÎÔÉÁÌÌÙ ÔÏ 

ÒÉÖÅÒ ПÌÏ× ÔÈÒÏÕÇÈ ÂÁÓÅПÌÏ× ɉ+ÅÌÌÙ ÅÔ ÁÌȢȟ ςπρωɊȢ 5ÎÄÅÒÓÔÁÎÄÉÎÇ ×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙ ÒÅÑÕÉÒÅÓ Á 

ÈÏÌÉÓÔÉÃ ÖÉÅ× ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÎÏÔÁÂÌÙ ÃÏÎÓÉÄÅÒÉÎÇ ÔÈÅ ÃÏÎÎÅÃÔÉÏÎ ÂÅÔ×ÅÅÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ 

ÓÕÒÆÁÃÅ ×ÁÔÅÒȢ 4ÈÉÓ ÃÈÁÐÔÅÒ ÁÎÓ×ÅÒÓ 21ρ ÔÈÒÏÕÇÈ ÁÃÈÉÅÖÉÎÇ ÔÈÅ ÓÐÅÃÉПÉÃ ÏÂÊÅÃÔÉÖÅÓȡ 



τφ 
 

3/ρȡ %ØÐÌÏÒÅ ÔÈÅ ÉÎПÌÕÅÎÃÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÏÎ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÂÙ ÅÖÁÌÕÁÔÉÎÇ ÔÈÅ ÉÎÔÅÒÁÃÔÉÏÎ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÏÎ ,ÁËÅ -ÁÌÁ×É  

3/ςȡ $ÅÖÅÌÏÐ Á ÍÏÄÅÌ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙ ÉÎ ÔÒÁÎÓÂÏÕÎÄÁÒÙ ,ÁËÅ -ÁÌÁ×É "ÁÓÉÎ 

3/σȡ %ØÐÌÏÒÅ ÃÈÁÎÇÅÓ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ×ÉÔÈÉÎ ÔÈÅ ,ÁËÅ -ÁÌÁ×É 3ÈÉÒÅ 2ÉÖÅÒ "ÁÓÉÎ 4ÈÉÓ 

ÃÈÁÐÔÅÒ ÉÓ ÆÏÒÍÅÄ ÏÆ Ô×Ï ÐÁÐÅÒÓ ÓÕÂÍÉÔÔÅÄȟ ÏÒ ÉÎ ÄÒÁÆÔ ÆÏÒ ÓÕÂÍÉÓÓÉÏÎȟ ÔÏ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÐÅÅÒȤ

ÒÅÖÉÅ×ÅÄ ÊÏÕÒÎÁÌÓ ÁÎÄ ÌÉÓÔÅÄ ÂÅÌÏ×ȡ 

0ÁÐÅÒ υ 

+ÁÌÉÎȟ 2Ȣ-Ȣȟ (ÉÎÔÏÎȟ 2Ȣ'Ȣ+ȟ 2ÉÄÄÅÌȟ ,Ȣȟ 2ÉÖÅÔÔȟ -Ȣȟ -ÌÅÔÁȟ 0Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ +ÁÍÕÔÕÌÁȟ 3Ȣȟ 7ÁÎÁÎÇ×Áȟ 

'Ȣȟ 5ËÁȟ :Ȣȟ .ÇÏÎÇÏȟ #Ȣ ɉ)Î 0ÒÅÐɊȢ 'ÒÏÕÎÄ×ÁÔÅÒ 3ÔÏÒÁÇÅ ÁÓ Á ËÅÙ ÔÅÍÐÏÒÁÌ ÁÎÄ ÓÐÁÔÉÁÌ ÆÁÃÔÏÒ ÆÏÒ 

ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙ ÔÏ ,ÁËÅ -ÁÌÁ×ÉȢ  

ȡ *ÏÉÎÔ ПÉÒÓÔ ÁÕÔÈÏÒÓÈÉÐ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ȣȟ 2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ2ȟ 2Ȣ-ȟ 0Ȣ-ȟ -Ȣ+Ȣȟ 3Ȣ+ȟ 'Ȣ7ȟ :Ȣ5ȟ #Ȣ.Ɋȟ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ 

ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ ,Ȣ2Ɋȟ ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ ,Ȣ2Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(ȟ 

2Ȣ-Ȣ+ȟ ,Ȣ2Ɋȟ ÖÁÌÉÄÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+Ɋȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+Ɋȟ ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ 

ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ×ÒÉÔÉÎÇ ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+Ɋȟ ÒÅÖÉÅ× ÁÎÄ ÅÄÉÔÉÎÇ ɉ2Ȣ-Ȣ+Ȣȟ 

2Ȣ'Ȣ+Ȣ(ȟ ,Ȣ2ȟ 2Ȣ-ȟ 0Ȣ-ȟ -Ȣ+Ȣȟ 3Ȣ+ȟ 'Ȣ7ȟ :Ȣ5ȟ #Ȣ. 

)Ô ÓÈÏÕÌÄ ÂÅ ÎÏÔÅÄ ÔÈÁÔ ÔÈÉÓ ÐÁÐÅÒ ÈÁÓ ÂÅÅÎ ×ÒÉÔÔÅÎ ÁÌÏÎÇÓÉÄÅ ÃÏȤÁÕÔÈÏÒ 2ÏÂÅÒÔ +ÁÌÉÎ ÔÏ ÐÒÏÖÉÄÅ 

Á ÃÏÎÃÅÐÔÕÁÌ ÆÒÁÍÅ×ÏÒË ÁÎÄ ÉÎÔÒÏÄÕÃÔÉÏÎ ÔÏ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÔÏ ÔÈÅ 

ÏÖÅÒÁÌÌ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÏÆ -ÁÌÁ×É ÁÎÄ ÔÏ ÐÒÏÖÉÄÅ ÔÈÉÓ ÔÈÅÓÉÓ ×ÉÔÈ ÁÎ ÅØÐÌÏÒÁÔÉÏÎ ÏÆ ÔÈÅ ÔÉÍÅȤ

ÂÁÓÅÄ ÃÌÉÍÁÔÅȤÃÈÁÎÇÅ ÉÎПÌÕÅÎÃÅÓ ÏÎ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÉÎ ÔÈÅ ,ÁËÅ -ÁÌÁ×É "ÁÓÉÎȢ )Ô ÉÓ ÄÅÅÍÅÄ ÔÏ 

ÂÅ ÁÎ ÁÐÐÒÏÐÒÉÁÔÅ ÉÎÔÒÏÄÕÃÔÉÏÎ ÔÏ ÔÈÅ ÔÈÅÍÅÓ ÄÉÓÃÕÓÓÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÃÈÁÐÔÅÒ ÂÕÔ ÉÔ ÉÓ ÎÏÔ ËÅÙ ÔÏ 

ÔÈÅ ÏÖÅÒÁÌÌ ÂÏÄÙ ÏÆ ÒÅÓÅÁÒÃÈ ÔÈÅ !ÕÔÈÏÒ ÐÒÅÓÅÎÔÓ ÁÓ Á ÄÉÓÓÅÒÔÁÔÉÏÎȢ   

 



τχ 
 

4ÈÅ ПÉÎÁÌ ÖÅÒÓÉÏÎ ÔÈÉÓ ÐÁÐÅÒ ÂÕÉÌÄÓ ÏÎ ÖÁÒÉÏÕÓ ×ÏÒË ÆÒÏÍ ÔÈÅ ×ÉÄÅÒ ÒÅÓÅÁÒÃÈ ÇÒÏÕÐȟ ×ÉÔÈ ÃÒÉÔÉÃÁÌ 

ÐÕÂÌÉÃÁÔÉÏÎÓ ÃÕÒÒÅÎÔÌÙ ÉÎ ÐÅÅÒ ÒÅÖÉÅ×Ȣ   &ÏÒ ÔÉÍÅÌÙ ÓÕÂÍÉÓÓÉÏÎ ÏÆ ÔÈÉÓ ÔÈÅÓÉÓ ÁÎÄ ÔÏ ÐÒÅÓÅÎÔ ÔÈÅ 

ÃÏÎÔÒÉÂÕÔÉÏÎ ÔÏ ÔÈÉÓ ÐÁÐÅÒȟ ÁÎ ÏÕÔÌÉÎÅ ÄÒÁÆÔ ÉÓ ÐÒÏÖÉÄÅÄ ÈÅÒÅ ×ÉÔÈ ÅØÐÅÃÔÁÔÉÏÎ ÏÆ ÓÕÂÍÉÓÓÉÏÎ ÉÎ 

-ÁÙ ςπςτȢ 

4ÈÅ ÂÏÄÙ ÏÆ ÒÅÓÅÁÒÃÈ ÓÕÂÍÉÔÔÅÄ   ÆÏÌÌÏ×Ó ÔÈÉÓ ×ÏÒËȢ 

0ÁÐÅÒ φ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+Ȣȟ 3ÍÉÌÏÖÉÃȟ -Ȣȟ &ÒÉÄÍÁÎȟ $Ȣȟ 7ÉÌÌÁÁÒÔÓȟ "Ȣȟ "ÁÎÄÁȟ ,Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ 

+ÁÌÉÎȢȟ 2Ȣ-Ȣ  ɉ5ÎÄÅÒ ÒÅÖÉÅ× ÂÙ ÃÏȤÁÕÔÈÏÒÓɊȢ 3ÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ ÁÐÐÒÏÁÃÈ ÉÍÐÒÏÖÅÓ ÎÁÔÉÏÎÁÌ 

ÍÏÄÅÌÌÉÎÇ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÆÏÒ ÔÈÅ 3ÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁÎ "ÁÓÉÎȢ %ÎÖÉÒÏÎÍÅÎÔÁÌ 3ÃÉÅÎÃÅ ÁÎÄ 

4ÅÃÈÎÏÌÏÇÙȢ 

!ÕÔÈÏÒ ÃÏÎÔÒÉÂÕÔÉÏÎȡ 

#ÏÎÃÅÐÔÕÁÌÉÚÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+ȟ ,Ȣ"ȢɊȟ ÄÁÔÁ ÃÕÒÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(ȟ -Ȣ3ȟ $Ȣ&ȟ 7Ȣ"Ɋȟ ÆÏÒÍÁÌ ÁÎÁÌÙÓÉÓ 

ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÉÎÖÅÓÔÉÇÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÍÅÔÈÏÄÏÌÏÇÙ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÖÁÌÉÄÁÔÉÏÎ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÖÉÓÕÁÌÉÚÁÔÉÏÎ 

ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÐÒÏÊÅÃÔ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ɉ2Ȣ-Ȣ+Ɋȟ ÓÕÐÅÒÖÉÓÉÏÎ ɉ2Ȣ-Ȣ+ȟ -Ȣ3ȟ $Ȣ&ȟ 7Ȣ"ȟ -Ȣ4Ȣȟ +Ȣ-Ɋȟ ×ÒÉÔÉÎÇ 

ÏÒÉÇÉÎÁÌ ÄÒÁÆÔ ɉ2Ȣ'Ȣ+Ȣ(Ɋȟ ÒÅÖÉÅ× ÁÎÄ ÅÄÉÔÉÎÇ ɉ2Ȣ'Ȣ+Ȣ(ȟ 2Ȣ-Ȣ+Ȣȟ -Ȣ3ȟ $Ȣ&ȟ 7Ȣ"ȟ #Ȣ *Ȣ!Ȣ-ȟ -Ȣ 4ȟ -Ȣ +ȟ ,Ȣ"Ɋ 

  



τψ 
 

τȢς 'ÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÓ Á ËÅÙ ÔÅÍÐÏÒÁÌ ÁÎÄ ÓÐÁÔÉÁÌ ÆÁÃÔÏÒ ÆÏÒ ÓÕÒÆÁÃÅ 

×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙ ÔÏ ,ÁËÅ -ÁÌÁ×É 

$ÉÓÃÌÁÉÍÅÒȡ  4ÈÉÓ ÐÁÐÅÒ ÐÒÏÖÉÄÅÓ ÏÎÅ ÁÓÐÅÃÔ ÏÆ ÔÈÅ ÏÖÅÒÁÒÃÈÉÎÇ ÃÏÎÃÅÐÔÕÁÌ ÆÒÁÍÅ×ÏÒË ÆÏÒ ÔÈÉÓ 
ÔÈÅÓÉÓȟ ÂÕÔ ÉÔ ÉÓ ÎÏÔ ËÅÙ ÔÏ ÔÈÅ ÏÖÅÒÁÌÌ ÂÏÄÙ ÏÆ ÒÅÓÅÁÒÃÈ ÔÈÅ !ÕÔÈÏÒ ÐÒÅÓÅÎÔÓ ÁÓ Á ÄÉÓÓÅÒÔÁÔÉÏÎȢ   

4ÈÅ ПÉÎÁÌ ÖÅÒÓÉÏÎ ÔÈÉÓ ÐÁÐÅÒ ÂÕÉÌÄÓ ÏÎ ÖÁÒÉÏÕÓ ×ÏÒË ÆÒÏÍ ÔÈÅ ×ÉÄÅÒ ÒÅÓÅÁÒÃÈ ÇÒÏÕÐȟ ×ÉÔÈ ÃÒÉÔÉÃÁÌ 
ÐÕÂÌÉÃÁÔÉÏÎÓ ÃÕÒÒÅÎÔÌÙ ÉÎ ÐÅÅÒ ÒÅÖÉÅ×Ȣ   &ÏÒ ÔÉÍÅÌÙ ÓÕÂÍÉÓÓÉÏÎ ÏÆ ÔÈÉÓ ÔÈÅÓÉÓ ÁÎÄ ÔÏ ÐÒÅÓÅÎÔ ÔÈÅ 
ÃÏÎÔÒÉÂÕÔÉÏÎ ÔÏ ÔÈÉÓ ÐÁÐÅÒȟ ÁÎ ÏÕÔÌÉÎÅ ÄÒÁÆÔ ÉÓ ÐÒÏÖÉÄÅÄ ÈÅÒÅ ×ÉÔÈ ÅØÐÅÃÔÁÔÉÏÎ ÏÆ ÓÕÂÍÉÓÓÉÏÎ ÉÎ 
-ÁÙ ςπςτȢ 

4ÈÅ ÂÏÄÙ ÏÆ ÒÅÓÅÁÒÃÈ ÓÕÂÍÉÔÔÅÄ ÆÏÌÌÏ×Ó ÔÈÉÓ ×ÏÒËȢ 

$2!&4 6%23)/. &/2 2%"%+!( ().4/. 4(%3)3ȡ  35"-)33)/. 0,!..%$ !&4%2 2%6)3)/. 
"!3%$ /. 05",)#!4)/. /& "!.$! ,!+% -!,!7) #!4#(-%.4 0!0%2 !##%04%$ 7)4( 
2%6)3)/.3 !02), φτφψ 
  

2ÏÂÅÒÔ -Ȣ +ÁÌÉÎρɕ ȟ 2ÅÂÅËÁÈ (ÉÎÔÏÎρ ȟ ,ÁÕÒÅÎ 2ÉÄÄÅÌςȟ -ÉÃÈÁÅÌ 2ÉÖÅÔÔςȟ 0ÒÉÎÃÅ -ÌÅÔÁσȟ 
-ÏÄÅÓÔÁ +ÁÎÊÁÙÅσȟ 3ÙÄÎÅÙ +ÁÍÕÔÕÌÁσȟ 'ÉÆÔ 7ÁÎÁÎÇ×Áσȟ :ÉÏÎÅ 5ËÁσȟ ÁÎÄ #ÏÓÍÏÓ .ÇÏÎÇÏτȟ 

ρ $ÅÐÁÒÔÍÅÎÔ ÏÆ #ÉÖÉÌ ÁÎÄ %ÎÖÉÒÏÎÍÅÎÔÁÌ %ÎÇÉÎÅÅÒÉÎÇȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 3ÔÒÁÔÈÃÌÙÄÅȟ 'ÌÁÓÇÏ×ȟ 5+ 
2ÏÂÅÒÔȢ+ÁÌÉÎͽÓÔÒÁÔÈȢÁÃȢÕËȟ  

ς 5ÎÉÖÅÒÓÉÔÙ ÏÆ 3ÔÒÁÔÈÃÌÙÄÅȟ 'ÌÁÓÇÏ×ȟ 5+ 
σ  -ÉÎÉÓÔÒÙ ÏÆ 7ÁÔÅÒ ÁÎÄ 3ÁÎÉÔÁÔÉÏÎȟ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ ,ÉÌÏÎÇ×Åȟ -ÁÌÁ×É 
ɕ #ÏÒÒÅÓÐÏÎÄÅÎÃÅȡ 2ÏÂÅÒÔȢ+ÁÌÉÎͽ3ÔÒÁÔÈȢÁÃȢÕË  
 
ȡ 4ÈÅÓÅ ÁÕÔÈÏÒÓ ÅÑÕÁÌÌÙ ÃÏÎÔÒÉÂÕÔÅÄ ÔÏ ÔÈÉÓ ×ÏÒË 

!ÂÓÔÒÁÃÔȡ ,ÁËÅ -ÁÌÁ×Éȟ ÏÎÅ ÏÆ !ÆÒÉÃÁȭÓ 'ÒÅÁÔ ,ÁËÅÓȟ ÈÁÓ Á ÓÔÒÏÎÇ ÃÙÃÌÉÃ ÓÔÏÒÁÇÅ ÐÁÔÔÅÒÎȢ ,ÁËÅ 

ÌÅÖÅÌÓȟ ÒÉÖÅÒ ПÌÏ× ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÂÁÓÅПÌÏ× ÉÎÄÅØÅÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÅÓÔÉÍÁÔÅ ÔÈÅ ÔÏÔÁÌ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÔÏ ÔÈÅ ÌÁËÅȢ 4ÈÅÒÅ ÉÓ ÉÎÓÕÆПÉÃÉÅÎÔ ÇÒÏÕÎÄ×ÁÔÅÒ ÌÅÖÅÌ ÍÏÎÉÔÏÒÉÎÇ ÔÏ ÄÅÔÅÒÍÉÎÅ ÉÆ 

ÔÈÅÒÅ ÉÓ Á ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÎÄ ÌÁËÅ ÌÅÖÅÌÓȟ ÈÏ×ÅÖÅÒ Á ÐÒÏØÙ 

ÒÅÌÁÔÉÏÎÓÈÉÐ ÅÓÔÉÍÁÔÉÎÇ ÃÈÁÎÇÅÓ ÉÎ ÁÑÕÉÆÅÒ ÒÅÃÈÁÒÇÅ ×ÁÓ ÄÅÔÅÒÍÉÎÅÄȢ )Î -ÁÌÁ×Éȟ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÂÁÓÅ ПÌÏ× ÍÁËÅÓ ÕÐ ÃȢ χρȢυσϷ ÏÆ ÔÏÔÁÌ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅȟ φφȢυρϷ ÉÎ ÔÈÅ ×ÅÔ ÓÅÁÓÏÎ ÁÎÄ ÉÎÃÒÅÁÓÉÎÇ 

ÔÏ ωρȢψτϷ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎȢ 2ÉÖÅÒ ПÌÏ× ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ÉÓ ÅÓÔÉÍÁÔÅÄ ÔÏ ÂÅ συχȢπφ ÍσȾÓ 

×ÉÔÈ ÂÁÓÅ ПÌÏ× ÃÏÎÔÒÉÂÕÔÉÎÇ ςςωȢπτ ÍσȾÓȢ 'ÉÖÅÎ ÔÈÅ ÃÈÁÎÇÅÓ ÉÎ ×ÅÁÔÈÅÒ ÄÕÅ ÔÏ %.3/ ÁÎÄ ÃÌÉÍÁÔÅ 

ÃÈÁÎÇÅȟ ÄÅÃÏÍÐÏÓÉÔÉÏÎ ÁÎÁÌÙÓÉÓȟ &ÏÕÒÉÅÒ ÔÒÁÎÓÆÏÒÍȟ ÁÎÄ ÇÅÎÅÒÁÌÉÓÅÄ ÌÉÎÅÁÒ ÍÏÄÅÌÌÉÎÇ ÁÒÅ ÕÓÅÄ ÔÏ 

ÁÎÁÌÙÓÅ ÔÈÅ ÔÉÍÅȤÓÅÒÉÅÓ ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÎÄ ÌÁËÅ ÌÅÖÅÌÓȢ 4ÈÉÓ 

ÓÔÁÔÉÓÔÉÃÁÌ ÁÎÁÌÙÓÉÓ ÓÈÏ×Ó ÔÈÁÔ ÔÈÅÒÅ ÉÓ Á ÓÉÇÎÉПÉÃÁÎÔ ÒÅÌÁÔÉÏÎÓÈÉÐ ×ÉÔÈ Á φ Ȥ χ ÙÅÁÒÌÙ ÌÁÇ ÁÔÔÒÉÂÕÔÅÄ 

mailto:Robert.Kalin@strath.ac.uk


τω 
 

ÔÏ ÃÈÁÎÇÉÎÇ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÓ Á ÒÅÓÕÌÔ ÏÆ %.3/ ÒÅÌÁÔÅÄ ÒÁÉÎÆÁÌÌ ÐÁÔÔÅÒÎÓȟ ÁÎÄ Á ÓÔÒÏÎÇ 

ÃÏÒÒÅÌÁÔÉÏÎ ÏÆ ÌÁËÅ ÌÅÖÅÌÓ ×ÉÔÈ ÁÎ ρρ ÙÅÁÒ ÌÁÇ ÂÅÔ×ÅÅÎ ÔÈÅ Ô×Ï ÓÅÒÉÅÓ ÁÔÔÒÉÂÕÔÅÄ ÔÏ ÔÈÅ 3ÏÌÁÒ 

ÃÙÃÌÅȢ /ÖÅÒÁÌÌȟ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÓ ÓÈÏ×Î ÔÏ ÂÅ ÉÍÐÏÒÔÁÎÔ ÔÏ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÉÎ -ÁÌÁ×É ÁÓ ÉÔ ÐÒÏÖÉÄÅÓ Á 

ÓÕÂÓÔÁÎÔÉÖÅ ÄÉÓÃÈÁÒÇÅ ÔÏ ÔÈÅ ,ÁËÅȢ 

  



υπ 
 

ρȢ )ÎÔÒÏÄÕÃÔÉÏÎ 

 

-ÁÌÁ×É ÉÓ Á ÌÁÎÄÌÏÃËÅÄ ÃÏÕÎÔÒÙ ÁÎÄ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÉÎÃÌÕÄÉÎÇ ,ÁËÅ -ÁÌÁ×Éȟ ÁÒÅ 

ËÅÙ ÔÏ ÔÈÅ ÅÃÏÎÏÍÉÃ ÇÒÏ×ÔÈȟ ÆÏÏÄȟ ÁÎÄ ÅÎÅÒÇÙ ÓÅÃÕÒÉÔÙ ÏÆ ÔÈÅ ÃÏÕÎÔÒÙ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπςπȠ 

(ÉÎÔÏÎ ÅÔ ÁÌȢȟ ςπςρɊȢ -ÁÌÁ×É ÈÁÓ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÔÈÁÔ ÁÒÅ 

ÕÎÅÖÅÎÌÙ ÄÉÓÔÒÉÂÕÔÅÄ ÁÎÄ ÖÁÒÙ ÔÅÍÐÏÒÁÌÌÙ ÁÎÄ ÓÐÁÔÉÁÌÌÙȢ -ÕÃÈ ÏÆ -ÁÌÁ×ÉȭÓ ÁÖÁÉÌÁÂÌÅ 

ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÉÓ ÆÏÕÎÄ ÉÎ ,ÁËÅ -ÁÌÁ×Éȟ ×ÉÔÈ ÓÅÃÏÎÄÁÒÙ ÓÔÏÒÁÇÅ ÉÎ ,ÁËÅ #ÈÉÌ×Á ÁÎÄ 

ÓÍÁÌÌÅÒ ÌÁËÅÓ ÁÎÄ ÒÅÓÅÒÖÏÉÒÓ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπςςɊȢ 'ÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÒÅ ÃÏÎÔÁÉÎÅÄ ÉÎ 

ÔÈÅ ÌÏ× ÓÔÏÒÁÇÅ ÆÒÁÃÔÕÒÅÄ Ⱦ ×ÅÁÔÈÅÒÅÄ ÓÁÐÒÏÌÉÔÉÃ 0ÒÅȤ#ÁÍÂÒÉÁÎ "ÁÓÅÍÅÎÔ #ÏÍÐÌÅØ 

!ÑÕÉÆÅÒ ɉ"#!Ɋ ÁÃÒÏÓÓ ÍÕÃÈ ÏÆ -ÁÌÁ×Éȟ ÉÎ ÌÉÍÉÔÅÄ ÉÎÔÅÒȤÇÒÁÎÕÌÁÒ ÕÎÉÔÓȟ ÁÎÄ ÉÎ ÈÉÇÈÅÒ 

ÙÉÅÌÄÉÎÇ ÁÌÌÕÖÉÁÌ ÁÑÕÉÆÅÒÓ ÁÌÏÎÇ ÒÉÖÅÒ ÃÈÁÎÎÅÌÓȟ ÔÈÅ %ÁÓÔ !ÆÒÉÃÁÎ 2ÉÆÔ 3ÙÓÔÅÍ ɉ%!23Ɋȟ ÔÈÅ 

ÓÈÏÒÅÓ ÏÆ ,ÁËÅ -ÁÌÁ×Éȟ ,ÁËÅ #ÈÉÌ×Áȟ ,ÁËÅ -ÁÌÏÍÂÅȟ ,ÁËÅ #ÈÉÕÔÁȟ ÁÎÄ ÉÎ ÔÈÅ 5ÐÐÅÒ ÁÎÄ 

,Ï×ÅÒ 3ÈÉÒÅ 6ÁÌÌÅÙ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπςςɊȢ  

 

 3ÕÐÐÏÒÔÉÎÇ ÉÎÔÅÇÒÁÔÅÄ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÍÁÎÁÇÅÍÅÎÔ ɉ)72-Ɋȟ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÄÒÁÉÎÁÇÅ 

ÓÙÓÔÅÍ ÉÓ ÄÉÖÉÄÅÄ ÉÎÔÏ ρχ ÍÁÊÏÒ ÒÉÖÅÒ ÃÁÔÃÈÍÅÎÔÓ ÔÈÁÔ ÄÅПÉÎÅ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ !ÒÅÁÓ 

ɉ72!ÓɊȟ ÏÎÌÙ Ô×Ï ÏÆ ×ÈÉÃÈ ÄÒÁÉÎ ÏÕÔÓÉÄÅ ÔÈÅ ,ÁËÅ -ÁÌÁ×ÉȾ3ÈÉÒÅȾ:ÁÍÂÅÚÉ 3ÙÓÔÅÍ ÁÎÄ 

ÉÎÔÏ ,ÁËÅ #ÈÉÌ×Á ÁÎÄ ,ÁËÅ #ÈÉÕÔÁ ÉÎÓÔÅÁÄȢ 72!Ó ÁÒÅ ÆÕÒÔÈÅÒ ÓÕÂÄÉÖÉÄÅÄ ÂÙ ÓÍÁÌÌÅÒ 

ÃÁÔÃÈÍÅÎÔÓ ÉÎÔÏ χψ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ 5ÎÉÔÓ ɉ725ÓɊ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπςςɊȢ   

 

  4ÈÅ ÑÕÁÎÔÉÔÙ ÏÆ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÉÎ -ÁÌÁ×Éȟ ÅÓÐÅÃÉÁÌÌÙ ÉÎ ÒÉÖÅÒÓȟ ÉÓ Á ÒÅÓÕÌÔ ÏÆ 

ÂÉÍÏÄÁÌ ÒÁÉÎÆÁÌÌ ÐÁÔÔÅÒÎÓ ÔÈÁÔ ÐÒÏÄÕÃÅ ÒÁÉÎÆÁÌÌ ÁÓ ÓÕÒÆÁÃÅ ÒÕÎÏÆÆ ÄÕÒÉÎÇ ÔÈÅ ÒÁÉÎÙ ÓÅÁÓÏÎ 

ɉ.ÏÖÅÍÂÅÒ ÔÏ !ÐÒÉÌɊȟ ÁÎÄ ÏÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÂÁÓÅ ПÌÏ× ÔÏ ÍÁÉÎÔÁÉÎ ÄÉÓÃÈÁÒÇÅ ÄÕÒÉÎÇ ÔÈÅ 

ÄÒÙ ÓÅÁÓÏÎ ɉ-ÁÙ ɀ /ÃÔÏÂÅÒɊ ɉ+ÅÌÌÙ ÅÔ ÁÌȢȟ ςπςπɊȢ 7ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÉÎ -ÁÌÁ×É ÁÒÅ ÐÒÏÎÅ ÔÏ 

ÄÒÏÕÇÈÔ ɀ ПÌÏÏÄ ÃÙÃÌÅÓ ÒÅÓÕÌÔÉÎÇ ÆÒÏÍ ÃÌÉÍÁÔÅ ÖÁÒÉÁÂÉÌÉÔÙ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ %Ì .ÉÎÏ ÁÎÄ 

3ÏÕÔÈÅÒÎ /ÓÃÉÌÌÁÔÉÏÎ ɉ%.3/Ɋ ÐÈÅÎÏÍÅÎÁȠ ÉÎÃÉÄÅÎÔÓ ÏÆ ПÌÏÏÄÓ ÁÒÅ Á ÃÏÍÍÏÎ ÏÃÃÕÒÒÅÎÃÅ 

ÄÕÒÉÎÇ ÔÈÅ ÒÁÉÎÙ ÓÅÁÓÏÎ ɉ3ÁÚÉÂ ÅÔ ÁÌȢȟ ςπςπȠ 'ÉÂÓÏÎ ÅÔ ÁÌȢȟ ςπρχɊȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÉÎ ÔÈÅ 



υρ 
 

ÄÉÓÔÒÉÃÔÓ ÏÆ 3ÁÌÉÍÁȟ +ÁÒÏÎÇÁ ÁÎÄ ,Ï×ÅÒ 3ÈÉÒÅ 6ÁÌÌÅÙ ÄÉÓÔÒÉÃÔÓ ÏÆ #ÈÉË×Á×Á ÁÎÄ .ÓÁÎÊÅ 

ÄÕÅ ÔÏ ÓÈÁÌÌÏ× ÔÏÐÏÇÒÁÐÈÉÃÁÌ ÒÅÌÉÅÆȢ 

 

 -ÁÌÁ×É ÉÓ ÄÅÐÅÎÄÅÎÔ ÏÎ ÂÏÔÈ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÁÎÄ ÔÈÅÓÅ 

ÒÅÓÏÕÒÃÅÓ ÁÒÅ ÕÎÄÅÒ ÓÅÖÅÒÅ ÔÈÒÅÁÔ ÏÆ ÄÅÐÌÅÔÉÏÎ ɉÑÕÁÎÔÉÔÙ ÁÎÄ ÑÕÁÌÉÔÙɊ ÒÅÓÕÌÔÉÎÇ ÆÒÏÍ 

ÕÎÃÏÎÔÒÏÌÌÅÄ ÅØÔÒÁÃÔÉÏÎȟ ÃÁÔÃÈÍÅÎÔ ÄÅÇÒÁÄÁÔÉÏÎȟ ÕÎÓÕÓÔÁÉÎÁÂÌÅ ÁÇÒÉÃÕÌÔÕÒÅ ÐÒÁÃÔÉÃÅÓȟ 

ÐÏÉÎÔ ÁÎÄ ÎÏÎȤÐÏÉÎÔ ÄÉÓÐÏÓÁÌ ÏÆ ÈÕÍÁÎ ÁÎÄ ÉÎÄÕÓÔÒÉÁÌ ÅÆПÌÕÅÎÔÓȟ ÉÎÃÒÅÁÓÅÄ ÈÕÍÁÎ 

ÐÏÐÕÌÁÔÉÏÎ ÇÒÏ×ÔÈ ÁÎÄ ÕÒÂÁÎÉÚÁÔÉÏÎȟ ÁÎÄ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÅÆÆÅÃÔÓ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπςςɊȢ 

3ÔÕÄÉÅÓ ÉÎ ÏÔÈÅÒ ÁÒÅÁÓ ÏÆ ÔÈÅ ×ÏÒÌÄ ÈÁÖÅ ÓÈÏ×Î ÔÈÁÔ ÏÖÅÒ ÁÂÓÔÒÁÃÔÉÏÎ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÈÁÓ 

Á ÄÉÒÅÃÔ ÉÍÐÁÃÔ ÉÎ ÓÕÒÆÁÃÅ ×ÁÔÅÒÓȟ ÒÅÄÕÃÉÎÇ ÔÈÅ ÂÁÓÅ ПÌÏ× ÉÎÄÅØ ɉ"&)Ɋ ÏÆ ÒÉÖÅÒÓ ÌÅÁÄÉÎÇ ÔÏ 

Á ÓÉÇÎÉПÉÃÁÎÔ ÄÒÏÐ ÉÎ ÔÈÅ ÔÏÔÁÌ ÄÉÓÃÈÁÒÇÅ ɉ-ÕËÈÅÒÊÅÅ ÅÔ ÁÌȟ ςπρψɊȢ 

 

 -ÁÌÁ×É ÉÓ ÌÏÃÁÔÅÄ ×ÉÔÈÉÎ ÔÈÅ %!23 ×ÈÉÃÈ ÓÔÒÏÎÇÌÙ ÉÎПÌÕÅÎÃÅÓ ÔÈÅ ÔÏÐÏÇÒÁÐÈÙ ÁÎÄ ×ÁÔÅÒ 

ÒÅÓÏÕÒÃÅÓȢ 2ÉÆÔ ÖÁÌÌÅÙ ÅÓÃÁÒÐÍÅÎÔÓ ÒÕÎ ÐÁÒÁÌÌÅÌ ×ÉÔÈ ,ÁËÅ -ÁÌÁ×É ÁÎÄ ÉÎПÌÕÅÎÃÅ ÔÈÅ 

ÄÒÁÉÎÁÇÅ ÐÁÔÔÅÒÎ ÏÆ ÒÉÖÅÒÓ ÉÎ ÔÈÅ ÎÏÒÔÈ ÏÆ -ÁÌÁ×É ɉ+ÕÍÁÍÂÁÌÁȟ ςπρπȠ .(!ȟ ςπρψɊȢ 2ÉÖÅÒÓ 

ÉÎ ÔÈÅ ÃÅÎÔÒÁÌ ÒÅÇÉÏÎ ÏÆ -ÁÌÁ×É ÄÒÁÉÎ ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ÈÏ×ÅÖÅÒ ÓÏÍÅ ÒÉÖÅÒÓ ÉÎ ÔÈÅ ÓÏÕÔÈ 

ÄÒÁÉÎ ÉÎÔÏ ÔÈÅ 3ÈÉÒÅ Ⱦ :ÁÍÂÅÚÉ 2ÉÖÅÒ 3ÙÓÔÅÍ ÏÒ ,ÁËÅ #ÈÉÌ×ÁȢ 2ÉÖÅÒÓ ÆÒÏÍ 3ÏÕÔÈ×ÅÓÔÅÒÎ 

4ÁÎÚÁÎÉÁ ÁÎÄ .ÏÒÔÈ×ÅÓÔ -ÏÚÁÍÂÉÑÕÅ ÁÌÓÏ ÄÒÁÉÎ ÉÎÔÏ ,ÁËÅ #ÈÉÌ×ÁȢ 4ÈÅ ÔÏÐÏÇÒÁÐÈÙ ÏÆ 

-ÁÌÁ×É ÈÁÓ ÎÏÔÁÂÌÙ ÈÉÇÈÅÒ ÅÌÅÖÁÔÉÏÎÓ ÉÎ ÔÈÅ .ÏÒÔÈ ÏÆ ÔÈÅ ÃÏÕÎÔÒÙ ÔÈÁÔ ÅØÃÅÅÄ ςȟπππ 

Í!/$ ɉ.ÁÔÉÏÎÁÌ (ÙÄÒÏÇÅÏÌÏÇÉÃÁÌ !ÔÌÁÓ ɉ.(!Ɋȟ ςπρψɊȟ ÔÈÅ ÕÐÌÁÎÄ ÐÌÁÔÅÁÕ ɉχππ ÔÏ ρσππ 

Í!/$Ɋ ÁÎÄ ,ÁËÅ -ÁÌÁ×É ×ÈÉÃÈ ÈÁÓ Á ÓÕÒÆÁÃÅ ÅÌÅÖÁÔÉÏÎ ÏÆ ÃȢ τχυ Í!/$ȟ ÁÎÄ ÌÏ×ÅÒ ÌÙÉÎÇ 

ÌÁÎÄ ÉÎ ÔÈÅ ÓÏÕÔÈ ÄÏÍÉÎÁÔÅÄ ÂÙ ÔÈÅ 3ÈÉÒÅ 2ÉÖÅÒ ÃÁÔÃÈÍÅÎÔ ÈÁÖÉÎÇ ÁÎ ÅÌÅÖÁÔÉÏÎ ÏÆ ÃȢ υππ 

Í ÁÎÄ ÔÈÅ ÌÏ×ÅÒ ÖÁÌÌÅÙ ÂÅÌÏ× ςππ Í!/$ ɉ&ÉÇÕÒÅ ρɊȢ 4ÈÅ -ÕÌÁÎÊÅ -ÁÓÓÉÖÅ ÉÓ Á ÌÏÃÁÌÉÚÅÄ 

ÈÉÇÈ ÅÌÅÖÁÔÉÏÎ ÒÅÇÉÏÎ ÏÆ ÃȢ σȟπππ Í ÉÎ ÔÈÅ ÓÏÕÔÈÅÁÓÔ ÎÅÁÒ ÔÈÅ ÂÏÒÄÅÒ ×ÉÔÈ -ÏÚÁÍÂÉÑÕÅȢ   

 

,ÁËÅ -ÁÌÁ×É ÉÓ ÃȢ υχω ËÍ ÌÏÎÇ ÁÎÄ ÒÁÎÇÅÓ ÂÅÔ×ÅÅÎ ςυ ÁÎÄ ψπ ËÍ ×ÉÄÅȟ ×ÉÔÈ ÁÎ ÁÒÅÁ 

ÏÆ ςψȟψππ ËÍς ɉ+ÕÍÁÍÂÁÌÁ ÁÎÄ %ÒÖÉÎÅȟ ςπρπɊȢ 4ÈÅ ÍÅÁÎ ÄÅÐÔÈ ÉÓ ςως Í ×ÉÔÈ Á 



υς 
 

ÍÁØÉÍÕÍ ÄÅÐÔÈ ÏÆ ÃȢ χπυ Í ɉ+ÕÍÁÍÂÁÌÁ ÁÎÄ %ÒÖÉÎÅȟ ςπρπɊȢ ,ÁËÅ -ÁÌÁ×ÉȭÓ ÃÁÔÃÈÍÅÎÔ 

ÃÏÖÅÒÓ ÁÎ ÁÒÅÁ ÏÆ ωχȟχτπ ËÍς ×ÉÔÈ -ÁÌÁ×É ÃÏÎÔÒÉÂÕÔÉÎÇ φψϷȟ -ÏÚÁÍÂÉÑÕÅ φϷ ÁÎÄ ςφϷ 

ÏÆ 4ÁÎÚÁÎÉÁ ɉ+ÕÍÁÍÂÁÌÁ ÁÎÄ %ÒÖÉÎÅȟ ςπρπɊȟ &ÉÇÕÒÅ ρȢ /ÖÅÒÁÌÌȟ ÉÔ ÉÓ ÔÈÅ ÔÈÉÒÄ ÌÁÒÇÅÓÔ ÌÁËÅ 

ÉÎ !ÆÒÉÃÁ ɉ+ÕÍÁÍÂÁÌÁ ÁÎÄ %ÒÖÉÎÅȟ ςπρπɊ ÁÎÄ ÓÕÐÐÏÒÔÓ ×ÉÌÄÌÉÆÅȟ ПÉÓÈÅÒÉÅÓȟ ÔÏÕÒÉÓÍȟ ÁÎÄ 

ÏÔÈÅÒ ÁÎÔÈÒÏÐÏÇÅÎÉÃ ÁÃÔÉÖÉÔÉÅÓ ÉÎ ÁÌÌ ÔÈÒÅÅ ÃÏÕÎÔÒÉÅÓ ɉ9ÉÈÄÅÇÏ ÁÎÄ 0ÁÆÆÏÒÄȟ ςπρφɊȢ 4ÈÅ 

3ÈÉÒÅ 2ÉÖÅÒ ÉÓ ÔÈÅ ÏÎÌÙ ÏÕÔÌÅÔ ÆÏÒ ,ÁËÅ -ÁÌÁ×É ÁÎÄ ÈÁÓ ÂÅÅÎ ÃÏÎÔÒÏÌÌÅÄ ÂÙ ÔÈÅ ,É×ÏÎÄÅ 

ɉÏÒ +ÁÍÕÚÕɊ "ÁÒÒÁÇÅ ÓÉÎÃÅ ρωτψ ɉ+ÕÍÁÍÂÁÌÁ ÁÎÄ %ÒÖÉÎÅȟ ςπρπɊȟ ×ÉÔÈ ÃÏÎÓÔÒÕÃÔÉÏÎ 

ПÉÎÉÓÈÉÎÇ ÉÎ ρωφυ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπςπɊȢ 4ÈÉÓ ÂÁÒÒÁÇÅ ÁÃÔÓ ÁÓ Á ÈÙÄÒÏÐÏ×ÅÒ ÓÃÈÅÍÅ ÁÎÄ Á 

ÓÅÒÉÅÓ ÏÆ ÈÙÄÒÏÅÌÅÃÔÒÉÃ ÇÅÎÅÒÁÔÉÎÇ ÆÁÃÉÌÉÔÉÅÓ ÏÎ ÔÈÅ 3ÈÉÒÅ ÐÒÏÖÉÄÉÎÇ ÏÖÅÒ ωπϷ ÏÆ -ÁÌÁ×ÉȭÓ 

ÅÌÅÃÔÒÉÃÁÌ ÓÕÐÐÌÙȢ 4ÈÅ 3ÈÉÒÅ 2ÉÖÅÒ ÉÓ Á ×ÁÔÅÒ ÓÕÐÐÌÙ ÆÏÒ ÔÈÅ ÃÏÎÕÒÂÁÔÉÏÎ ÏÆ "ÌÁÎÔÙÒÅ ÁÎÄ 

ÐÒÏÖÉÄÅÓ ÁÎ ÉÒÒÉÇÁÔÉÏÎ ÓÙÓÔÅÍ ÔÏ ÔÈÅ ,Ï×ÅÒ 3ÈÉÒÅ 6ÁÌÌÅÙ ɉ3ÅÎÅ ÅÔ ÁÌȟ ςπρχɊȢ 4ÈÅ ÍÁÉÎ 

ÒÉÖÅÒÓ ÓÕÐÐÌÙÉÎÇ ,ÁËÅ -ÁÌÁ×É ÁÒÅ ÔÈÅ "ÕÁȟ 3ÏÕÔÈ 2ÕËÕÒÕȟ $×ÁÎÇ×Áȟ ÁÎÄ ,ÉÎÔÈÉÐÅ ÉÎ 

-ÁÌÁ×ÉȠ ÔÈÅ 2ÕÈÕÈÕ ÁÎÄ +É×ÉÒÁ ÉÎ 4ÁÎÚÁÎÉÁȠ ÁÎÄ ÔÈÅ 3ÏÎÇ×Å ×ÈÉÃÈ ÒÕÎÓ ÁÌÏÎÇ ÔÈÅ 

ÂÏÒÄÅÒ ÂÅÔ×ÅÅÎ ÎÏÒÔÈ -ÁÌÁ×É ÁÎÄ 4ÁÎÚÁÎÉÁ ɉ3ÅÎÅ ÅÔ ÁÌȟ ςπρχɊȢ 4ÈÅÒÅ ÁÒÅ ÁÌÓÏ ÓÅÖÅÒÁÌ 

ÓÍÁÌÌÅÒ ÒÉÖÅÒÓ ÆÒÏÍ ÁÌÌ ÔÈÒÅÅ ÃÏÕÎÔÒÉÅÓ ÔÈÁÔ ÆÅÅÄ ÔÈÅ ÌÁËÅȢ )Î ÔÏÔÁÌȟ -ÁÌÁ×É ÐÒÏÖÉÄÅÓ ÃȢ 

τσϷ ÏÆ ÔÈÅ ÔÏÔÁÌ ÒÉÖÅÒ ÉÎПÌÏ×ȟ υσϷ ÆÒÏÍ 4ÁÎÚÁÎÉÁȟ ÁÎÄ τϷ ÆÒÏÍ -ÏÚÁÍÂÉÑÕÅ ɉ.(!ȟ 

ςπρψɊȢ 

 

 -ÁÌÁ×ÉȭÓ ÃÌÉÍÁÔÅ ÉÓ ÃÌÁÓÓÅÄ ÁÓ ÓÕÂȤÔÒÏÐÉÃÁÌ ×ÉÔÈ Ô×Ï ÍÁÉÎ ÓÅÁÓÏÎÓȡ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ÁÎÄ 

ÔÈÅ ×ÅÔ ÓÅÁÓÏÎ ɉ.(!ȟ ςπρψɊȢ 4ÈÅ ÄÒÙ ÓÅÁÓÏÎ ÉÓ ÆÒÏÍ -ÁÙ ÔÏ /ÃÔÏÂÅÒ ×ÉÔÈ ÔÈÅ ×ÅÔ ÓÅÁÓÏÎ 

ÏÃÃÕÒÒÉÎÇ ÄÕÒÉÎÇ .ÏÖÅÍÂÅÒ ÔÏ !ÐÒÉÌ ɉ0ÉËÅ ÁÎÄ 2ÉÍÍÉÎÇÔÏÎȟ ρωφυɊȢ -ÏÉÓÔÕÒÅ ÆÏÒ ÒÁÉÎÆÁÌÌ 

ÉÓ ÔÒÁÎÓÐÏÒÔÅÄ ÖÉÁ ÔÈÅ )ÎÔÅÒȤ4ÒÏÐÉÃÁÌ #ÏÎÖÅÒÇÅÎÃÅ :ÏÎÅ ɉ.(!ȟ ςπρψɊ ÁÎÄ ÔÈÒÏÕÇÈ 

ÐÅÒÉÏÄÉÃ ÃÙÃÌÏÎÉÃ ÓÔÏÒÍÓ ÔÈÁÔ ÆÏÒÍ ÉÎ ÔÈÅ 3ÏÕÔÈ×ÅÓÔÅÒÎ )ÎÄÉÁÎ /ÃÅÁÎ ÂÁÓÉÎȢ 4ÏÐÏÇÒÁÐÈÙ 

ÉÎПÌÕÅÎÃÅÓ ÔÈÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ -ÁÌÁ×É ×ÉÔÈ ÔÈÅ ÕÐÌÁÎÄ ÐÌÁÔÅÁÕ ÒÅÃÅÉÖÉÎÇ ÔÈÅ ÈÉÇÈÅÓÔ 

ÌÅÖÅÌÓ ÏÆ ÒÁÉÎÆÁÌÌ ÓÅÍÉȤÁÒÉÄ ÃÏÎÄÉÔÉÏÎÓ ÏÃÃÕÒÒÉÎÇ ÁÔ ÌÏ×ÅÒ ÅÌÅÖÁÔÉÏÎÓȢ 

 



υσ 
 

 

 

&ÉÇÕÒÅ υȢ ,ÁËÅ -ÁÌÁ×É #ÁÔÃÈÍÅÎÔ ÓÈÏ×ÉÎÇ ÔÈÅ ÌÏÃÁÔÉÏÎÓ ÏÆ ÍÁÊÏÒ ÒÉÖÅÒÓ ÁÎÄ ÃÉÔÉÅÓ 

 

υȢυ (ÙÄÒÏÇÅÏÌÏÇÙ 

 

4ÈÅ ×ÅÁÔÈÅÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ÏÃÃÕÒ ÍÏÓÔÌÙ ÉÎ ÔÈÅ ÃÅÎÔÒÁÌ ÒÅÇÉÏÎ ÏÆ -ÁÌÁ×Éȟ 

ÁÌÏÎÇ ÔÈÅ ÂÏÒÄÅÒ ×ÉÔÈ :ÁÍÂÉÁȟ ÁÎÄ ÉÎ ÔÈÅ ÕÐÌÁÎÄ ÐÌÁÔÅÁÕ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπςςɊ ɉ&ÉÇÕÒÅ ςɊȢ 

#ÈÅÍÉÃÁÌ ×ÅÁÔÈÅÒÉÎÇ ÏÆ ÔÈÅ ÍÅÔÁÍÏÒÐÈÉÃ ÒÏÃËÓ ÈÁÓ ÐÒÏÄÕÃÅÄ Á ÌÁÙÅÒ ÏÆ ÓÁÐÒÏÌÉÔÅȟ ÍÁÄÅ 

ÏÆ ÑÕÁÒÔÚ ÒÉÃÈ ÓÁÎÄ ÏÒ ×ÅÁÔÈÅÒÅÄ ПÉÎÅ ÔÏ ÃÏÁÒÓÅ ÓÁÎÄȟ ×ÈÉÃÈ ÁÃÔÓ ÁÓ ÁÎ ÉÍÐÏÒÔÁÎÔ ×ÁÔÅÒ 

ÒÅÓÏÕÒÃÅ ÆÏÒ ÒÕÒÁÌ ÃÏÍÍÕÎÉÔÉÅÓ ɉ3ÍÉÔÈȤ#ÁÒÉÎÇÔÏÎ Ǫ #ÈÉÌÔÏÎȟ ρωψσȠ &ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ !Ó 

ÔÈÅ ÒÏÃË ÈÁÓ Á ÌÏ× ÐÒÉÍÁÒÙ ÐÏÒÏÓÉÔÙ ÁÎÄ ÌÏ× ÉÎÔÅÒÇÒÁÎÕÌÁÒ ÐÅÒÍÅÁÂÉÌÉÔÙȟ ÇÒÏÕÎÄ×ÁÔÅÒ 

ПÌÏ× ÏÃÃÕÒÓ ÉÎ ÔÈÅ ×ÅÁÔÈÅÒÅÄ ÆÒÁÃÔÕÒÅÓ ÏÆ ÔÈÅ ÇÅÏÌÏÇÙ ɉ3ÍÉÔÈȤ#ÁÒÉÎÇÔÏÎ Ǫ #ÈÉÌÔÏÎȟ ρωψσɊȢ 

4ÈÅ ÁÑÕÉÆÅÒ ÒÁÎÇÅÓ ÃȢ σπ ÔÏ τυ Í ÔÈÉÃË ×ÉÔÈ ÔÈÅ ÔÈÉÃËÎÅÓÓ ÉÎÃÒÅÁÓÉÎÇ ÔÏ×ÁÒÄÓ ÆÁÕÌÔ ÚÏÎÅÓ 

ÁÎÄ ÒÁÎÇÅÓ ÆÒÏÍ ÓÉÎÇÌÅ ÌÁÙÅÒÅÄ ÁÑÕÉÆÅÒÓ ÔÏ ÍÕÌÔÉ ÌÁÙÅÒÓ ɉ3ÍÉÔÈȤ#ÁÒÉÎÇÔÏÎ Ǫ #ÈÉÌÔÏÎȟ 



υτ 
 

ρωψσȠ &ÒÁÓÅÒ ÅÔ ÁÌȟ ςπρψɊȢ ! ÔÈÉÃË ÌÁÙÅÒ ɉυ ÔÏ ςπ ÍɊ ÏÆ ÏÖÅÒÌÙÉÎÇ ÃÌÁÙÓ ÐÁÒÔÉÁÌÌÙ ÃÏÎПÉÎÅÓ 

ÔÈÅ ÁÑÕÉÆÅÒÓȟ ×ÈÉÌÅ ÏÔÈÅÒ ÁÑÕÉÆÅÒÓ ÁÒÅ ÃÏÍÐÌÅÔÅÌÙ ÃÏÎПÉÎÅÄ ɉ3ÍÉÔÈȤ#ÁÒÉÎÇÔÏÎ Ǫ #ÈÉÌÔÏÎȟ 

ρωψσȠ &ÒÁÓÅÒ ÅÔ ÁÌȟ ςπρψɊȢ 4ÈÅ ×ÁÔÅÒ ÔÁÂÌÅ ÉÓ ÌÏÃÁÔÅÄ ÁÔ ÔÈÅ ÂÁÓÅ ÏÆ ÔÈÅÓÅ ÃÌÁÙÓ ɉ3ÍÉÔÈȤ

#ÁÒÉÎÇÔÏÎ Ǫ #ÈÉÌÔÏÎȟ ρωψσȠ &ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ 4ÈÅÓÅ ÁÑÕÉÆÅÒÓ ÈÁÖÅ Á ÔÒÁÎÓÍÉÓÓÉÖÉÔÙ ÏÆ ÃȢ 

υ ÔÏ συ ÍςȾÄÁÙ ÁÎÄ Á ÈÙÄÒÁÕÌÉÃ ÃÏÎÄÕÃÔÉÖÉÔÙ ÏÆ πȢυ ÔÏ ρȢυ ÍȾÄÁÙ ɉ#ÈÁÖÕÌÁ ςπρςȠ &ÒÁÓÅÒ 

ÅÔ ÁÌȟ ςπςπɊȢ 4ÈÅÙ ÁÒÅ ÒÅÌÁÔÉÖÅÌÙ ÓÍÁÌÌ ÁÎÄ ÓÐÏÒÁÄÉÃ ×ÉÔÈ Á ÌÏ× ÐÒÏÄÕÃÔÉÖÉÔÙ ×ÉÔÈ 

ÂÏÒÅÈÏÌÅÓ ÈÁÖÉÎÇ Á ÙÉÅÌÄ ÏÆ ρØρπȤτ ÔÏ ρØρπȤσ ÍσȾÓ ÁÎÄ Á ÓÔÏÒÁÇÅ ÃÏÅÆПÉÃÉÅÎÔ ÏÆ υØρπȤσ ÔÏ 

ρØρπȤς ɉ#ÈÁÖÕÌÁ ςπρςȠ .(!ȟ ςπρψɊȢ $ÕÅ ÔÏ ÔÈÅ ÈÅÔÅÒÏÇÅÎÅÏÕÓ ÇÅÏÌÏÇÙ ÏÆ ÔÈÉÓ ÁÑÕÉÆÅÒȟ ÔÈÅ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÖÁÒÉÅÓ ×ÉÔÈ ÍÉÎÅÒÁÌÉÚÁÔÉÏÎ ÒÁÎÇÉÎÇ ÆÒÏÍ ρππ ÔÏ ρχȟπππ ÕÓȾÃÍ 

ɉ.(!ȟ ςπρψɊȢ "ÒÁÃËÉÓÈ ×ÁÔÅÒ ÏÃÃÕÒÓ ÉÎ ÁÒÅÁÓ ÏÆ ÈÉÇÈ ÇÒÏÕÎÄ×ÁÔÅÒ ÍÉÎÅÒÁÌÉÚÁÔÉÏÎ ɉ.(!ȟ 

ςπρψɊȢ   

 

4ÈÅ ÆÒÁÃÔÕÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒ ÉÓ ÅØÔÅÎÓÉÖÅ ÁÃÒÏÓÓ -ÁÌÁ×Éȟ ÉÔ ÈÁÓ ÌÏ× ÐÒÏÄÕÃÔÉÖÉÔÙȟ 

ÁÎÄ ÔÈÏÕÇÈ ÉÔ ÉÓ ÃÏÎÓÉÄÅÒÅÄ ÏÎÅ ÏÆ ÔÈÅ ÌÅÁÓÔ ÉÍÐÏÒÔÁÎÔ ÁÑÕÉÆÅÒÓ ÉÎ -ÁÌÁ×Éȟ ÉÔ ÉÓ ÃÒÉÔÉÃÁÌ ÔÏ 

ÌÏÃÁÌ ÈÁÎÄ ÐÕÍÐ ×ÁÔÅÒ ÓÕÐÐÌÉÅÓ ɉ"ÒÁÄÆÏÒÄȟ ρωχσɊȢ 3ÔÏÒÁÇÅ ÉÓ ÑÕÉÔÅ ÓÍÁÌÌȟ ÎÏÔ ×ÉÄÅÌÙ 

ÃÏÎÎÅÃÔÅÄȟ ÒÅÓÕÌÔÉÎÇ ÉÎ ÉÎÔÅÒÍÉÔÔÅÎÔ ÁÖÁÉÌÁÂÉÌÉÔÙ ɉ.(!ȟ ςπρψɊȢ 'ÒÏÕÎÄ×ÁÔÅÒ ПÌÏ× ÉÓ 

ÌÏÃÁÔÅÄ ×ÉÔÈÉÎ ÔÈÅ ÓÅÃÏÎÄÁÒÙ ÐÏÒÏÓÉÔÙ ɉÆÒÁÃÔÕÒÅÓȟ ÆÏÌÄÓȟ ÁÎÄ ÆÁÕÌÔÓɊ ×ÉÔÈÉÎ ÔÈÅ ÁÑÕÉÆÅÒ 

×ÈÅÒÅ ÔÈÅÒÅ ÉÓ ÈÉÇÈ ÐÅÒÍÅÁÂÉÌÉÔÙ ɉ3ÍÉÔÈȤ#ÁÒÉÎÇÔÏÎ Ǫ #ÈÉÌÔÏÎȟ ρωψσȠ &ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ 

4ÈÅÓÅ ÁÑÕÉÆÅÒÓ ÈÁÖÅ ÔÈÅ ÓÁÍÅ ÔÒÁÎÓÍÉÓÓÉÖÉÔÙ ÁÎÄ ÈÙÄÒÁÕÌÉÃ ÃÏÎÄÕÃÔÉÖÉÔÙ ÁÓ ÔÈÅ 

×ÅÁÔÈÅÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ɉ&ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ "ÏÒÅÈÏÌÅÓ ×ÉÔÈÉÎ ÔÈÉÓ ÁÑÕÉÆÅÒ ÁÌÓÏ 

ÈÁÖÅ Á ÓÉÍÉÌÁÒ ÙÉÅÌÄȟ ×ÉÔÈ ÔÈÅ ÍÏÓÔ ÆÒÅÑÕÅÎÔ ÙÉÅÌÄ ÂÅÉÎÇ υØρπȤτ ÍσȾÓ ɉ.(!ȟ ςπρψɊȢ 

/ÖÅÒÁÌÌȟ ÂÏÔÈ ÔÈÅ ×ÅÁÔÈÅÒÅÄ ÁÎÄ ÆÒÁÃÔÕÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ÈÁÖÅ Á ÌÏ× ÔÏ ÍÏÄÅÒÁÔÅ 

ÐÒÏÄÕÃÔÉÖÉÔÙ ɉ&ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ !Ó ÔÈÅ ÇÅÏÌÏÇÙ ÏÆ ÔÈÅ ÆÒÁÃÔÕÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ÉÓ 

ÒÅÓÉÓÔÁÎÔ ÔÏ ×ÅÁÔÈÅÒÉÎÇȟ ÖÅÒÙ ÌÉÔÔÌÅ ÍÉÎÅÒÁÌÉÚÁÔÉÏÎ ÈÁÓ ÏÃÃÕÒÒÅÄ ×ÉÔÈÉÎ ÔÈÅÓÅ ÁÑÕÉÆÅÒÓ 

ÒÅÓÕÌÔÉÎÇ ÉÎ ÇÏÏÄ ÑÕÁÌÉÔÙ ÇÒÏÕÎÄ×ÁÔÅÒ ɉ&ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ 3ÏÍÅ ÓÁÌÉÎÅ ×ÁÔÅÒ ÉÓ ÐÒÅÓÅÎÔȟ 

ÔÈÉÓ ÉÓ ÌÉËÅÌÙ ÄÕÅ ÔÏ ÍÉÎÅÒÁÌÉÚÁÔÉÏÎ ÁÌÏÎÇ ÆÁÕÌÔ ÚÏÎÅÓ ×ÉÔÈÉÎ ÔÈÅ ÕÎÉÔ ɉ2ÉÖÅÔÔ ÅÔ ÁÌȟ ςπρψɊȢ     

 



υυ 
 

4ÈÅ ÍÁÉÎ ÃÏÎÓÏÌÉÄÁÔÅÄ ÓÅÄÉÍÅÎÔ ÁÑÕÉÆÅÒÓ ÁÒÅ ÐÒÅÓÅÎÔ ÉÎ ÔÈÅ +ÁÒÏÏ ÓÅÄÉÍÅÎÔÓ ×ÈÉÃÈ 

ÁÒÅ ÌÏÃÁÔÅÄ ÁÌÏÎÇ ÔÈÅ ÓÏÕÔÈÅÒÎ ÁÎÄ ÎÏÒÔÈÅÒÎ ÂÏÒÄÅÒȢ 4ÈÅÒÅ ÉÓ ÂÏÔÈ ÐÒÉÍÁÒÙ ÁÎÄ 

ÓÅÃÏÎÄÁÒÙ ÐÏÒÏÓÉÔÙ ÐÒÅÓÅÎÔȟ ÈÏ×ÅÖÅÒȟ ÔÈÅ ÐÒÉÍÁÒÙ ÐÏÒÏÓÉÔÙ ÁÎÄ ÇÒÁÎÕÌÁÒ ÐÅÒÍÅÁÂÉÌÉÔÙ ÉÓ 

ÓÍÁÌÌÅÒ ÄÕÅ ÔÏ ÃÁÌÃÁÒÅÏÕÓ ÃÅÍÅÎÔÓ ɉ&ÒÁÓÅÒ ÅÔ ÁÌȟ ςπρψɊȢ 3ÅÃÏÎÄÁÒÙ ÐÏÒÏÓÉÔÙ ÐÒÏÖÉÄÅÓ ÔÈÅ 

ÍÁÉÎ ПÌÏ× ÐÁÔÈÓ ÉÎ ÂÏÔÈ ÔÈÅ +ÁÒÏÏ ÓÅÄÉÍÅÎÔÓ ÁÎÄ ÔÈÅ +ÁÒÏÏ ÉÇÎÅÏÕÓ ÌÉÔÈÏÌÏÇÉÅÓ ɉ&ÒÁÓÅÒ 

ÅÔ ÁÌȟ ςπρψɊȢ 4ÈÅ ÔÒÁÎÓÍÉÓÓÉÖÉÔÙ ÁÎÄ ÙÉÅÌÄ ÖÁÒÙ ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ ÁÑÕÉÆÅÒȟ ×ÉÔÈ ÌÏ×ÅÒ ÖÁÌÕÅÓ 

ÐÒÅÓÅÎÔ ÉÎ ÔÈÅ ÃÁÌÃÁÒÅÏÕÓ ÓÁÎÄÓÔÏÎÅ ɉ.(!ȟ ςπρψɊȢ !ÑÕÉÆÅÒ ÔÅÓÔÉÎÇ ÓÈÏ×Ó ÔÈÅ 

ÔÒÁÎÓÍÉÓÓÉÖÉÔÙ ÉÎ ÔÈÅ ÃÏÎПÉÎÅÄ ÓÅÄÉÍÅÎÔÓ ÉÓ ÃȢ ωπ ÔÏ ρςπ ÍσȾÄÁÙ ÁÎÄ ÔÈÅ ÙÉÅÌÄ ÉÓ στφ 

ÍσȾÄÁÙ ɉ.(!ȟ ςπρψɊȢ )Ô ÆÁÌÌÓ ÔÏ ςω ÍσȾÄÁÙ ÁÎÄ ςυȢω ÍσȾÄÁÙ ÉÎ ÔÈÅ ÃÁÌÃÁÒÅÏÕÓ ÒÏÃËÓ 

ɉ.(!ȟ ςπρψɊȢ 3ÉÍÉÌÁÒ ÔÏ ÔÈÅ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓȟ ÔÈÅ +ÁÒÏÏ ÓÅÄÉÍÅÎÔ ÁÑÕÉÆÅÒÓ ÈÁÖÅ Á ÌÏ× 

ÔÏ ÍÏÄÅÒÁÔÅ ÐÒÏÄÕÃÔÉÖÉÔÙȟ ÁÌÔÈÏÕÇÈȟ ÔÈÅ ÁÑÕÉÆÅÒ ÐÒÅÓÅÎÔ ÉÎ ÔÈÅ ÉÇÎÅÏÕÓ ÉÎÔÒÕÓÉÏÎ ÈÁÓ Á 

ÓÌÉÇÈÔÌÙ ÈÉÇÈÅÒ ÐÒÏÄÕÃÔÉÖÉÔÙ ɉ&ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ 4ÈÅ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÏÆ ÔÈÅ ÁÑÕÉÆÅÒÓ ÖÁÒÉÅÓȟ 

×ÉÔÈ ÓÈÁÌÌÏ× ÁÑÕÉÆÅÒÓ ÈÁÖÉÎÇ Á ÍÉÎÅÒÁÌÉÚÁÔÉÏÎ ÏÆ ÌÅÓÓ ÔÈÁÎ ρȟπππ ÕÓȾÃÍ ɉ.(!ȟ ςπρψɊȢ 

4ÈÉÓ ÉÎÃÒÅÁÓÅÓ ÔÏ ÃȢ ςȟπππ ÕÓȾÃÍ ÉÎ ÁÑÕÉÆÅÒÓ ÂÅÌÏ× φπ Í ÁÎÄ ÔÈÅ ×ÁÔÅÒ ÔÅÎÄÓ ÔÏ ÂÅ ÓÁÌÉÎÅ 

ÁÓ Á ÒÅÓÕÌÔ ÏÆ ÔÈÅ ÅÖÁÐÏÒÉÔÉÃ ÁÎÄ ÃÁÌÃÁÒÅÏÕÓ ÃÅÍÅÎÔÓ ɉ-ÏÎÊÅÒÅÚÉ Ǫ .ÇÏÎÇÏÎÄÏȟ ςπρςȠ 

.(!ȟ ςπρψɊȢ 7ÁÔÅÒ ÑÕÁÌÉÔÙ ÓÔÕÄÉÅÓ ÓÈÏ× ÔÈÁÔ ÔÈÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÐÒÅÓÅÎÔ ÉÎ ÔÈÅ +ÁÒÏÏ 

ÂÁÓÁÌÔÓ ÈÁÓ Á ÇÏÏÄ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÁÎÄ ÌÏ× ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ÔÏÔÁÌ ÄÉÓÓÏÌÖÅÄ ÓÏÌÉÄÓ 

ɉ-ÏÎÊÅÒÅÚÉ Ǫ .ÇÏÎÇÏÎÄÏȟ ςπρςɊȢ $ÕÅ ÔÏ ÔÈÅ ÍÉÎÅÒÁÌÏÇÙ ÏÆ ÔÈÅ ÂÁÓÁÌÔÓȟ ÌÅÓÓ 

ÍÉÎÅÒÁÌÉÚÁÔÉÏÎ ÈÁÓ ÏÃÃÕÒÒÅÄ ɉ-ÏÎÊÅÒÅÚÉ Ǫ .ÇÏÎÇÏÎÄÏȟ ςπρςɊȢ     

 

 



υφ 
 

 

&ÉÇÕÒÅ φȢ   (ÙÄÒÏÇÅÏÌÏÇÙ -ÁÐ ÏÆ -ÁÌÁ×ÉȢ !ÆÔÅÒ +ÁÌÉÎ ÅÔ ÁÌȢȟ φτφφȢ 

5ÎÃÏÎÓÏÌÉÄÁÔÅÄ ÁÌÌÕÖÉÕÍ ÁÑÕÉÆÅÒÓ ÍÁËÅ ÕÐ Á ÌÁÒÇÅ ÐÏÒÔÉÏÎ ÏÆ ÁÑÕÉÆÅÒÓ ÉÎ 3ÏÕÔÈÅÒÎ 

-ÁÌÁ×ÉȢ 4ÈÅ ×ÁÔÅÒ ÔÁÂÌÅ ÉÓ ÔÙÐÉÃÁÌÌÙ ÓÈÁÌÌÏ×ÅÒ ÔÈÁÎ ÔÈÁÔ ÏÆ ÔÈÅ ÂÅÄÒÏÃË ÁÑÕÉÆÅÒÓ ×ÉÔÈ ÔÈÅ 

ÄÅÐÔÈ ÒÁÎÇÉÎÇ ÆÒÏÍ υ ÔÏ ρπ Í ɉ#ÈÁÖÕÌÁȟ ςπρςɊ ×ÉÔÈ ÁÎÄ ÈÁÖÅ Á ÔÈÉÃËÎÅÓÓ ÏÆ ÃȢ τπ ÔÏ ρυπ 

Í ɉ3ÍÉÔÈȤ#ÁÒÒÉÎÇÔÏÎ ÁÎÄ #ÈÉÌÔÏÎȢ ρωψσɊȢ 4ÒÁÎÓÍÉÓÓÉÖÉÔÙ ÁÎÄ ÈÙÄÒÁÕÌÉÃ ÃÏÎÄÕÃÔÉÖÉÔÙ ÁÒÅ 

ÃÏÎÓÉÄÅÒÁÂÌÙ ÈÉÇÈÅÒ ÔÈÁÎ ÔÈÅ ÏÌÄÅÒ ÁÑÕÉÆÅÒÓȟ ×ÉÔÈ Á ÔÒÁÎÓÍÉÓÓÉÖÉÔÙ ÏÆ υπ ÔÏ σππ ÍςȾÄÁÙ 

ÁÎÄ Á ÈÙÄÒÁÕÌÉÃ ÃÏÎÄÕÃÔÉÖÉÔÙ ÏÆ ρ ÔÏ ρπ ÍȾÄÁÙ ɉ#ÈÁÖÕÌÁȟ ςπρςɊȢ 'ÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÓ 

ÁÌÓÏ ÃÏÎÓÉÄÅÒÁÂÌÙ ÈÉÇÈÅÒ ÁÔ ρØρπȤς ÔÏ υØρπȤς ɉ#ÈÁÖÕÌÁ ςπρςɊȢ 4ÈÅ ÍÁÊÏÒÉÔÙ ÏÆ ÂÏÒÅÈÏÌÅÓ 

ÄÒÉÌÌÅÄ ÉÎÔÏ ÔÈÅÓÅ ÁÑÕÉÆÅÒÓ ÈÁÖÅ Á ÙÉÅÌÄ ÏÆ ςȢØρπȤτ ÔÏ ςȢυØρπȤσ ÍσȾÓ ɉ.(!ȟ ςπρψɊȟ ÈÏ×ÅÖÅÒ 

ÓÏÍÅ ÄÏ ÈÁÖÅ ÙÉÅÌÄÓ ÔÈÁÔ ÅØÃÅÓÓ ςØρπȤς ÍσȾÓ ɉ.(!ȟ ςπρψɊȢ ,ÁÙÅÒÓ ÏÆ ÃÌÁÙ ÁÃÔ ÁÓ ÁÎ 

ÁÑÕÉÔÁÒÄ ÉÎ ÓÏÍÅ ÁÒÅÁÓ ÏÆ -ÁÌÁ×Éȟ ÃÏÎПÉÎÉÎÇ ÔÈÅ ÁÑÕÉÆÅÒȟ ×ÉÔÈ ÏÔÈÅÒ ÁÑÕÉÆÅÒÓ ÂÅÉÎÇ 

ÕÎÃÏÎПÉÎÅÄ ɉ3ÍÉÔÈȤ#ÁÒÉÎÇÔÏÎ Ǫ #ÈÉÌÔÏÎȟ ρωψσɊȢ /ÖÅÒÁÌÌȟ ÔÈÅ ÁÌÌÕÖÉÕÍ ÁÑÕÉÆÅÒÓ ÈÁÖÅ Á ÈÉÇÈ 

ÔÏ ÖÅÒÙ ÈÉÇÈ ÐÒÏÄÕÃÔÉÖÉÔÙ ɉ&ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ 4ÈÅ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÏÆ ÔÈÅÓÅ ÁÑÕÉÆÅÒÓ ÉÓ 



υχ 
 

ÍÉØÅÄȟ ×ÉÔÈ ÓÏÍÅ ÁÒÅÁÓ ÈÁÖÉÎÇ Á ÂÒÁÃËÉÓÈ ×ÁÔÅÒ ÁÎÄ ÍÉÎÅÒÁÌ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ωȟπππ 

ÕÓȾÃÍ ɉ.(!ȟ ςπρψɊȢ 

 

ρȢς ,ÁËÅ -ÁÌÁ×É 7ÁÔÅÒ "ÁÌÁÎÃÅ 

 

3ÅÖÅÒÁÌ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÏÄÅÌÓ ÈÁÖÅ ÂÅÅÎ ÃÁÌÃÕÌÁÔÅÄ ÆÏÒ ,ÁËÅ -ÁÌÁ×É ɉ(ÅÁÌÙ ÅÔ ÁÌȟ 

ςππχȠ +ÉÄÄȟ ρωψσȠ .ÅÕÌÁÎÄȟ ρωψτȠ $ÒÁÙÔÏÎȟ ρωψτȠ #ÁÌÄÅÒ ÅÔ ÁÌȟ ρωωυȠ +ÕÍÁÍÂÁÌÁȟ ςπρπɊȢ 

4ÈÅ ÆÏÒÍÁÔÉÖÅ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÏÄÅÌÓ ÆÏÒ ,ÁËÅ -ÁÌÁ×É ÁÒÅ ÓÕÍÍÁÒÉÓÅÄ ÉÎ 4ÁÂÌÅ ρȢ +ÉÄÄȟ 

ρωψσ ÁÎÄ .ÅÕÌÁÎÄ ρωψτȟ ÆÏÒÍ Ô×Ï ÏÆ ÔÈÅÓÅ ÆÏÒÍÁÔÉÖÅ ÐÉÅÃÅÓ ÏÆ ×ÏÒË ÉÎ ÅØÐÌÏÒÉÎÇ ,ÁËÅ 

-ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÂÁÌÁÎÃÅȢ 4ÈÅ ÅÁÒÌÉÅÓÔ ÍÏÄÅÌ ×ÁÓ ÂÁÓÅÄ ÏÎ ςφ ÙÅÁÒÓ ÏÆ ÄÁÔÁ ×ÉÔÈ ÄÁÔÁ 

ÆÒÏÍ ÖÅÒÙ ÆÅ× ÓÔÁÔÉÏÎÓ ÁÖÁÉÌÁÂÌÅ ÁÎÄ ÔÈÅ ÍÁÉÎ ÏÕÔÃÏÍÅ ×ÁÓ ÔÏ ÍÏÄÅÌ ÈÉÓÔÏÒÉÃ ÌÁËÅ ÌÅÖÅÌÓ 

ɉ+ÉÄÄȟ ρωψσɊȢ ! ÓÉÍÉÌÁÒ ÔÉÍÅ ÐÅÒÉÏÄ ×ÁÓ ÕÓÅÄ ×ÉÔÈÉÎ .ÅÕÌÁÎÄȭÓ ÍÏÄÅÌ ɉρωψτɊ ×ÈÉÃÈ 

ÆÏÕÎÄ ÔÈÁÔ ÒÁÉÎÆÁÌÌ ×ÉÔÈ ÓÕÃÃÅÓÓÉÖÅ ÒÕÎÏÆÆ ÃÁÎ ÃÁÕÓÅ ÉÒÒÅÇÕÌÁÒÌÙ ÈÉÇÈ ÌÁËÅ ÌÅÖÅÌÓȢ 4ÈÅ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÒÅÌÁÔÉÏÎÓÈÉÐ ×ÉÔÈ ÔÈÅ ÌÁËÅ ÉÓ ÓÕÍÍÁÒÉÚÅÄ ÉÎ ÅÑÕÁÔÉÏÎ ρ ɉ.ÅÕÌÁÎÄȟ ρωψτɊȡ 

 

2ͺ, ɉÔɊЀτȢςϹςȢσÓÉÎɉɉσφπͮЈɊȾρπτ ÔϹςρτͮЈ ɊϹʎ%ͺ$ ɉÔɊ  

 

%ÑÕÁÔÉÏÎ ρȡ 2ÁÉÎÆÁÌÌ ÒÅÌÁÔÉÏÎÓÈÉÐ ×ÉÔÈ ,ÁËÅ -ÁÌÁ×É 

 

7ÈÅÒÅ 2, ÉÓ ÔÈÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÏÖÅÒ ÔÈÅ ÌÁËÅȟ Ô ÉÓ ÔÈÅ ÔÉÍÅ ÐÅÒÉÏÄ ÉÎ ÙÅÁÒÓȟ ʎ ÉÓ ÔÈÅ 

ÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎ ÁÎÄ %$ ÉÓ ÔÈÅ ÒÁÎÄÏÍ ÃÏÍÐÏÎÅÎÔ ÏÆ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ ×ÉÔÈ Á 

ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ πȟρ ɉ.ÅÕÌÁÎÄȟ ρωψτȠ +ÕÍÁÍÂÁÌÁȟ ςπρπɊȢ  

 

.ÅÕÌÁÎÄ ɉρωψτɊ ÁÌÓÏ ÓÕÇÇÅÓÔÓ ÔÈÁÔ ÃÈÁÎÇÅÓ ÉÎ ÌÁÎÄ ÕÓÅ ÁÒÏÕÎÄ ,ÁËÅ -ÁÌÁ×É ×ÉÌÌ 

ÉÍÐÁÃÔ ÌÁËÅ ÌÅÖÅÌÓȢ )Î ÁÄÄÉÔÉÏÎ ÔÏ ×ÁÔÅÒ ÂÁÌÁÎÃÉÎÇȟ ÔÉÍÅ ÓÅÒÉÅÓ ÁÎÁÌÙÓÉÓȟ ÐÒÏÂÁÂÉÌÉÔÙ 

ÁÎÁÌÙÓÉÓ ÁÎÄ ÓÔÁÔÉÓÔÉÃÁÌ ÁÎÁÌÙÓÉÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÐÒÅÄÉÃÔ ÆÕÔÕÒÅ ÂÅÈÁÖÉÏÒÓ ÏÆ ÔÈÅ ÌÁËÅ ÌÅÖÅÌÓ 

ɉ.ÅÕÌÁÎÄȟ ρωψτɊȢ 4ÈÅ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÏÄÅÌ ÃÏÍÐÌÅÔÅÄ ÂÙ $ÒÁÙÔÏÎ ɉρωψτɊ ÕÓÅÄ ÔÈÅ ÓÁÍÅ 



υψ 
 

ÔÉÍÅ ÐÅÒÉÏÄ ÁÎÄ ÔÈÅ ÍÁÉÎ ПÉÎÄÉÎÇÓ ×ÅÒÅ ÔÈÁÔ ÃÈÁÎÇÅÓ ÉÎ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÒÅÓÕÌÔÅÄ ÉÎ ÈÉÇÈ 

ÌÁËÅ ÌÅÖÅÌÓȟ ÁÎÄ ÏÔÈÅÒ ÆÁÃÔÏÒÓ ÓÕÃÈ ÁÓ ÃÈÁÎÇÅÓ ÉÎ ÏÕÔПÌÏ× ÁÒÅ ÎÏÔ ÓÉÇÎÉПÉÃÁÎÔ ÅÎÏÕÇÈ ÔÏ 

ÃÁÕÓÅ ÔÈÅ ÃÈÁÎÇÅÓ ɉ$ÒÁÙÔÏÎȟ ρωψτɊȢ  

 

  



υω 
 

4ÁÂÌÅ υȡ 7ÁÔÅÒ ÂÁÌÁÎÃÅ ÅÓÔÉÍÁÔÅÄ ÆÏÒ ÐÒÅÖÉÏÕÓ ÓÔÕÄÉÅÓ ɉ+ÉÄÄȟ υύόχȠ .ÅÕÌÁÎÄȟ υύόψȠ $ÒÁÙÔÏÎ 

υύόψȠ +ÕÍÁÍÂÁÌÁȟ φτυτɊ 

 

 Kidd (1983) Neuland (1984) Drayton (1984) 

Time Period 1954 to 1979 1954 to 1979 1953 to 1974 

Precipitation (mm) Inflow  1414 1374 1350 

River discharge (mm) Inflow  1000 693 693 

Evaporation (mm) Outflow  1872 1605 1610 

Discharge from lake (mm) Outflow  418 404 334 

Change in Storage +112 +58 +59 

 
 

 

4ÈÅ ÔÉÍÅ ÐÅÒÉÏÄ ÅØÁÍÉÎÅÄ ÂÙ ÁÌÌ ÔÈÒÅÅ ÍÏÄÅÌÓ ×ÁÓ ÎÏÔ ÌÏÎÇ ÅÎÏÕÇÈ ÔÏ ÄÅПÉÎÉÔÉÖÅÌÙ 

ÓÔÁÔÅ ÔÈÅ ÈÙÄÒÏÌÏÇÉÃÁÌ ÒÅÌÁÔÉÏÎÓ ÂÅÔ×ÅÅÎ ÉÎПÌÏ×Óȟ ÏÕÔПÌÏ×Ó ÁÎÄ ÃÈÁÎÇÅÓ ÉÎ ÌÁËÅ ÌÅÖÅÌȢ 

.ÏÎÅ ÏÆ ÔÈÅ ÍÏÄÅÌÓ ÆÁÃÔÏÒ ÉÎ ÐÏÔÅÎÔÉÁÌ ÉÎПÌÏ×Ó ÁÎÄ ÏÕÔПÌÏ×Ó ÆÒÏÍ ÇÒÏÕÎÄ×ÁÔÅÒ ÆÒÏÍ ÔÈÅ 

ÌÁËÅ ÏÒ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÔÏ ÔÈÅ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅ ÉÎÔÏ ÔÈÅ ÌÁËÅȢ 4ÈÅ ÍÏÄÅÌÓ 

ÁÌÓÏ ÅØÁÍÉÎÅ ÔÈÅ ÌÁËÅ ÄÕÒÉÎÇ Á ÐÅÒÉÏÄ ×ÈÅÎ ÌÁËÅ ÌÅÖÅÌÓ ×ÅÒÅ ÉÎÃÒÅÁÓÉÎÇȢ 4ÈÅÒÅÆÏÒÅȟ ÔÈÅ 

ПÉÎÄÉÎÇÓ ÃÁÎÎÏÔ ÂÅ ÁÐÐÌÉÅÄ ÔÏ ÐÅÒÉÏÄÓ ÏÆ ×ÈÅÒÅ ÔÈÅ ÌÁËÅ ÌÅÖÅÌÓ ÁÒÅ ÄÅÃÌÉÎÉÎÇȢ #ÌÉÍÁÔÅ 

ÃÈÁÎÇÅ ×ÉÌÌ ÁÌÓÏ ÈÁÖÅ ÉÎПÌÕÅÎÃÅÓ ÏÎ ÔÈÅ ÖÏÌÕÍÅÓ ÏÆ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÎÄ ÅÖÁÐÏÒÁÔÉÏÎȟ 

ÃÏÎÓÅÑÕÅÎÔÌÙ ÔÈÅÓÅ ÍÏÄÅÌÓ ÃÁÎÎÏÔ ÂÅ ÕÓÅÄ ×ÉÔÈÉÎ ÓÕÓÔÁÉÎÁÂÌÅ ÍÁÎÁÇÅÍÅÎÔ ÐÌÁÎÓȢ  

 

! ÍÏÒÅ ÒÅÃÅÎÔ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÓÔÕÄÙ ×ÁÓ ÃÏÍÐÌÅÔÅÄ ÂÙ #ÁÌÄÅÒ ÅÔ ÁÌ ɉρωωυɊ ÔÈÁÔ 

ÅØÁÍÉÎÅÄ ÈÏ× ÔÈÅ ÃÈÁÎÇÅ ÉÎ ÌÁÎÄ ÕÓÅ ÁÆÆÅÃÔÓ ,ÁËÅ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÌÅÖÅÌÓȟ ÕÓÉÎÇ ÒÁÉÎÆÁÌÌ 

ÁÎÄ ÌÁËÅ ÌÅÖÅÌ ÄÁÔÁ ÆÒÏÍ ρψωφ ÔÏ ρωωτ ɉ#ÁÌÄÅÒ ÅÔ ÁÌȟ ρωωυɊȢ )Ô ÁÇÒÅÅÄ ×ÉÔÈ ÔÈÅ ПÉÎÄÉÎÇÓ ÏÆ 

$ÒÁÙÔÏÎȭÓ ɉρωψτɊ ×ÈÅÒÅ ÃÈÁÎÇÅÓ ÉÎ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÓ ÔÈÅ ÍÁÉÎ ÆÁÃÔÏÒ ÉÎПÌÕÅÎÃÉÎÇ ÌÁËÅ 

ÌÅÖÅÌÓ ɉ#ÁÌÄÅÒ ÅÔ ÁÌȟ ρωωυɊȢ "ÅÔ×ÅÅÎ ρωφχ ÁÎÄ ρωωπȟ ÔÈÅÒÅ ÉÓ Á ÄÅÃÒÅÁÓÅ ÏÆ ρσϷ ÉÎ ÆÏÒÅÓÔ 

ÃÏÖÅÒ ×ÉÔÈÉÎ ÔÈÅ ÃÁÔÃÈÍÅÎÔ ÌÅÁÄÉÎÇ ÔÏ ÁÎ ÉÎÃÒÅÁÓÅ ÉÎ ÓÕÒÆÁÃÅ ÒÕÎÏÆÆ ×ÈÉÃÈ ÉÓ ÃÏÎÓÉÓÔÅÎÔ 

×ÉÔÈ ÔÈÅ ПÉÎÄÉÎÇÓ ÏÆ .ÅÕÌÁÎÄȭÓ ɉρωωτɊ ÍÏÄÅÌ ɉ#ÁÌÄÅÒ ÅÔ ÁÌȟ ρωωυȠ +ÕÍÁÍÂÁÌÁȟ ςπρπɊȢ 



φπ 
 

#ÁÌÄÅÒ ÅÔ ÁÌ ɉρωωυɊ ÓÕÇÇÅÓÔÓ ÔÈÁÔ ÔÈÅÒÅ ÉÓ Á ÌÁÇ ÏÆ ÏÎÅ ÍÏÎÔÈ ÂÅÔ×ÅÅÎ ×ÁÔÅÒ ПÌÏ×ÉÎÇ ÉÎÔÏ 

ÔÈÅ ÌÁËÅ ÁÎÄ ÏÕÔПÌÏ×Ó ÆÒÏÍ ÔÈÅ ÌÁËÅȢ 4ÈÅ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÏÄÅÌ ÆÒÏÍ #ÁÌÄÅÒ ÅÔ ÁÌ ɉρωωυɊȡ  

 

Ў3ɉÔɊЀ2ͺ, ɉÔɊϹ2ͺ3ɉÉÎɊ  ɉÔɊȤ%ɉÔɊȤ2ͺ3ɉÏÕÔɊ  ɉÔȤρɊ                                                         

 

%ÑÕÁÔÉÏÎ ςȡ 7ÁÔÅÒ ÂÁÌÁÎÃÅ ×ÉÔÈ ÌÁÇ #ÁÌÄÅÒ ÅÔ ÁÌȢȟ ρωωυ 

 

4ÈÅ ÍÏÓÔ ÒÅÃÅÎÔ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÏÄÅÌ ×ÁÓ ÃÏÍÐÌÅÔÅÄ ÂÙ +ÕÍÁÍÂÁÌÁ ɉςπρπɊȢ 4ÈÉÓ 

ÍÏÄÅÌ ÕÓÅÓ ÔÈÅ ÓÁÍÅ ÒÁÉÎÆÁÌÌ ÁÎÄ ÒÉÖÅÒ ПÌÏ× ÄÁÔÁ ÆÏÒ ρωχφ ÔÏ ρωωπ ɉ+ÕÍÁÍÂÁÌÁȟ ςπρπɊȢ 

4ÈÅ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÏÄÅÌ ÆÒÏÍ +ÕÍÁÍÂÁÌÁȟ ɉςπρπɊ ÉÓȡ    

 

Ў,ɉÔɊЀ2ͺ, ɉÔɊȤ%ɉÔɊϹɉɉ1ͺÉÎ ɉÔɊȤ1ͺɉɉÏÕÔɊ Ɋ ɉÔɊɊȾ!ͺ, Ɋ                                                                              

 

%ÑÕÁÔÉÏÎ σȡ 7ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÏÄÅÌ ÅÑÕÁÔÉÏÎ +ÕÍÁÍÂÁÌÁȟ ςπρπȢ 

 

,ͺ%ÓÔ ɉÔɊЀ,ͺ/ÂÓ ɉÔȤρɊϹЎ,ɉÔɊ                                                                            

 

%ÑÕÁÔÉÏÎ τȡ ,ÁËÅ ÌÅÖÅÌ ÅÓÔÉÍÁÔÉÏÎ ÍÏÄÅÌ +ÕÍÁÍÂÁÌÁȟ ςπρπ 

 

7ÈÅÒÅ Ў,ɉÔɊ ÉÓ ÔÈÅ ÃÈÁÎÇÅ ÉÎ ÌÁËÅ ÌÅÖÅÌ ÏÖÅÒ ÔÈÅ ÔÉÍÅ ÐÅÒÉÏÄ ÁÎÁÌÙÓÅÄȟ 1ÉÎɉÔɊ ÁÎÄ 

1ÏÕÔɉÔɊ ÒÅÐÒÅÓÅÎÔÉÎÇ ÉÎПÌÏ×Ó ÁÎÄ ÏÕÔПÌÏ×Ó ÁÎÄ !, ÉÓ ÔÈÅ ÓÕÒÆÁÃÅ ÁÒÅÁ ÏÆ ÔÈÅ ÌÁËÅ 

ɉ+ÕÍÁÍÂÁÌÁȟ ςπρπɊȢ  

 

7ÈÉÌÅ ÔÈÅÒÅ ÉÓ Á ÈÉÇÈ ÃÏÒÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÐÒÅÄÉÃÔÅÄ ÌÁËÅ ÌÅÖÅÌÓ ÁÎÄ ÈÉÓÔÏÒÉÃ 

ÏÂÓÅÒÖÅÄ ÌÁËÅ ÌÅÖÅÌÓȟ Òς ÏÆ πȢωψ ÕÓÉÎÇ Á .ÁÓÈȤ3ÕÔÃÌÉÆÆÅ ÃÏÒÒÅÌÁÔÉÏÎȟ ÍÏÄÅÌÌÉÎÇ ÆÕÔÕÒÅ ÌÅÖÅÌÓ 

ÏÆ ÔÈÅ ÌÁËÅ ÂÅÃÏÍÅÓ ÐÒÏÂÌÅÍÁÔÉÃ ɉ+ÕÍÁÍÂÁÌÁȟ ςπρπȠ +ÕÍÁÍÂÁÌÁ ÁÎÄ %ÒÖÉÎÅȟ ςπρπɊȢ 

4ÈÉÓ ÉÓ ÐÏÔÅÎÔÉÁÌÌÙ ÄÕÅ ÔÏ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÎÄ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÔÈÅ ÂÁÓÅПÌÏ× 



φρ 
 

ÃÏÍÐÏÎÅÎÔ ÔÏ ÒÉÖÅÒÓ ÔÈÁÔ ×ÁÓ ÎÏÔ ÃÏÎÓÉÄÅÒÅÄ ×ÉÔÈÉÎ ÁÎÙ ÐÒÅÖÉÏÕÓ ÍÏÄÅÌ ɉ+ÅÌÌÙ ÅÔ ÁÌȢȟ 

ςπςπɊȢ  

 

ρȢσ 'ÒÏÕÎÄ×ÁÔÅÒ 3ÔÏÒÁÇÅ 

 

0ÒÅÖÉÏÕÓ ÓÔÕÄÉÅÓ ÉÎÖÅÓÔÉÇÁÔÅÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÎ -ÁÌÁ×É ÆÏÃÕÓÅÄ ÏÎ ÔÈÅ 

ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ɉ2ÏÂÉÎÓ ÅÔ ÁÌȟ ςπρσɊȢ 4ÈÅ ÓÔÏÒÁÇÅ ×ÉÔÈÉÎ ÔÈÅÓÅ ÁÑÕÉÆÅÒÓ ÉÓ ÓÈÏ×Î ÔÏ ÂÅ 

ÄÉÆÆÅÒÅÎÔ ÆÏÒ ÅÁÃÈ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÁÒÅÁ ɉ72!Ɋȟ ÈÉÇÈÌÉÇÈÔÉÎÇ ÔÈÅ ÈÅÔÅÒÏÇÅÎÅÏÕÓ ÎÁÔÕÒÅ ÏÆ 

ÔÈÅ ÁÑÕÉÆÅÒÓȢ 2ÏÂÉÎ ÅÔ ÁÌ ɉςπρσɊ ÅÓÔÉÍÁÔÅÓ Á ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÆÏÒ ÔÈÅÓÅ ÁÑÕÉÆÅÒÓ ÂÁÓÅÄ ÏÎ 

ÅÓÔÉÍÁÔÅÄ ÖÏÌÕÍÅÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÎÄ ÁÂÓÔÒÁÃÔÉÏÎ ÓÈÏ×ÉÎÇ ÔÈÁÔ ÓÅÖÅÒÁÌ 72!Ó 

ÈÁÖÅ Á ÎÅÇÁÔÉÖÅ ÂÁÌÁÎÃÅ ÉÎÄÉÃÁÔÉÎÇ ÔÈÁÔ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÒÅ ÂÅÉÎÇ ÄÅÐÌÅÔÅÄȢ   

 

2ÁÉÎÆÁÌÌ ÉÓ ÔÈÅ ÓÏÕÒÃÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÃÈÁÒÇÅ ×ÉÔÈÉÎ -ÁÌÁ×ÉȢ +ÅÌÌÙ ÅÔ ÁÌ ςπςπ 

ɉ+ÅÌÌÙ ÅÔ ÁÌȢȟ ςπςπɊ ÓÈÏ×ÅÄ ÔÈÁÔ ÂÁÓÅ ПÌÏ× ÐÒÏÖÉÄÅÓ Á ÓÕÂÓÔÁÎÔÉÁÌ ÓÏÕÒÃÅ ÏÆ ÒÉÖÅÒ ПÌÏ× ÉÎ 

-ÁÌÁ×ÉȢ 'ÒÏÕÎÄ×ÁÔÅÒ ÒÅÃÈÁÒÇÅ ÍÅÃÈÁÎÉÓÍÓ ÁÒÅ ÃÏÍÐÌÅØ ÁÎÄ ÔÈÅÒÅÆÏÒÅ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÌÅÖÅÌÓ ÁÎÄ ПÌÏ× ÔÏ ÒÉÖÅÒÓ ÍÁÙ ÎÏÔ ÉÍÍÅÄÉÁÔÅÌÙ ÒÅÁÃÔ ÔÏ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅÓ ɉ4ÕÄÈÏÐÅ ÅÔ ÁÌȟ 

ςππρɊȟ ÉÔ ÉÓ ÔÈÅÒÅÆÏÒÅ ÉÍÐÏÒÔÁÎÔ ÔÏ ÃÏÎÓÉÄÅÒ ÔÈÉÓ ÈÙÓÔÅÒÅÓÉÓ ÁÎÄ ÅÖÁÌÕÁÔÅ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÓÔÏÒÁÇÅ ÁÎÄ ÒÅÓÕÌÔÉÎÇ ÂÁÓÅПÌÏ× ÖÁÒÉÁÂÉÌÉÔÙ ÒÅÌÁÔÅÄ ÔÏ ÖÁÒÉÏÕÓ ÌÁÇ ÐÅÒÉÏÄÓ ÏÎ ÔÈÅ ÉÍÐÁÃÔ ÏÆ 

ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÓÔÏÒÁÇÅ ɉÅȢÇȢ ,ÁËÅ -ÁÌÁ×ÉɊȢ %.3/ ɉσ ÔÏ υ ÙÅÁÒ ÐÅÒÉÏÄÓɊ ÁÎÄ ÓÕÎÓÐÏÔ ÃÙÃÌÅÓ 

ɉρρȾςς ÙÅÁÒ ÐÅÒÉÏÄÓɊ ÍÁÙ ÔÈÅÒÅÆÏÒÅ ÃÏÎÔÒÉÂÕÔÅ ÔÏ ÌÏÎÇÅÒȤÔÅÒÍ ÃÈÁÎÇÅÓ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÓÔÏÒÁÇÅ ÉÎ -ÁÌÁ×ÉȢ 'ÉÖÅÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÒÉÂÕÔÅÓ ÔÏ ÔÈÅ ÍÁÊÏÒÉÔÙ ÏÆ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅ ÉÎ 

-ÁÌÁ×Éȟ ÔÈÉÓ ×ÏÒË ×ÁÓ ÕÎÄÅÒÔÁËÅÎ ÔÏ ÄÅÔÅÒÍÉÎÅ ÉÆ ÔÈÅÒÅ ÉÓ Á ÓÉÇÎÁÌ ÏÆ ÔÈÅÓÅ ÐÒÏÃÅÓÓÅÓ 

×ÉÔÈÉÎ ÔÈÅ ×ÁÔÅÒ ÌÅÖÅÌ ÄÁÔÁ ÆÏÒ ,ÁËÅ -ÁÌÁ×ÉȢ 3ÐÅÃÉПÉÃÁÌÌÙȟ ÔÈÉÓ ×ÏÒË ÁÄÄÒÅÓÓÅÓ ÔÈÅ 

ÒÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎȡ 21ρɊ 7ÈÁÔ ÁÒÅ ÔÈÅ ÓÅÁÓÏÎÁÌ ÐÁÔÔÅÒÎÓ ÏÆ ,ÁËÅ -ÁÌÁ×É ,ÅÖÅÌ ÃÈÁÎÇÅȩ 

21ςɊ 7ÈÁÔ ÉÎПÌÕÅÎÃÅ ÄÏÅÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÈÁÖÅ ÏÎ ,ÁËÅ -ÁÌÁ×É ×ÁÔÅÒ ÓÔÏÒÁÇÅȩ 

 

 



φς 
 

ςȢ -ÁÔÅÒÉÁÌÓ ÁÎÄ -ÅÔÈÏÄÓ 

 2ÉÖÅÒ ÄÁÔÁ ÆÒÏÍ φψ ÒÉÖÅÒ ÇÁÕÇÅÓ ɉÓÅÅ ÓÕÐÐÌÅÍÅÎÔÁÒÙ ÉÎÆÏÒÍÁÔÉÏÎɊ ÌÏÃÁÔÅÄ ÉÎ -ÁÌÁ×É ×ÁÓ 

ÐÒÏÖÉÄÅÄ ÂÙ ÔÈÅ 3ÕÒÆÁÃÅ 7ÁÔÅÒ $ÉÖÉÓÉÏÎ ÏÆ ÔÈÅ $ÅÐÁÒÔÍÅÎÔ ÏÆ 7ÁÔÅÒ 2ÅÃÏÕÒÓÅÓ ÏÆ 

-ÁÌÁ×ÉȢ 4ÈÅÒÅ ×ÁÓ ÎÏ ÄÁÔÁ ÁÖÁÉÌÁÂÌÅ ÆÏÒ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ ÏÎ ÒÉÖÅÒÓ ×ÉÔÈÉÎ ×ÁÔÅÒ 

ÒÅÓÏÕÒÃÅ ÁÒÅÁÓ ɉ72!Ɋ ρπȟ ρς ÁÎÄ ρσȟ ÈÅÎÃÅ ÔÈÅÙ ÁÒÅ ÎÏÔ ÉÎÃÌÕÄÅÄȢ  &ÒÏÍ ÔÈÉÓ ÄÁÔÁȟ +ÅÌÌÙ 

ɉςπςπɊ ÃÁÌÃÕÌÁÔÅÄ ÔÈÅ ÄÁÉÌÙ ПÌÏ× ÆÏÒ ÅÁÃÈ ÓÔÁÔÉÏÎ ×ÉÔÈ ÔÈÅ ÐÅÒÉÏÄ ÏÆ ÄÁÔÁ ÒÅÃÏÒÄÅÄ ÆÏÒ 

ÅÁÃÈ ÓÔÁÔÉÏÎȢ  -ÏÎÔÈÌÙ ÁÎÄ ÙÅÁÒÌÙ ÁÖÅÒÁÇÅÓ ×ÅÒÅ ÃÁÌÃÕÌÁÔÅÄ ÆÏÒ ÅÁÃÈ ÒÉÖÅÒ ɉÓÅÅ 

3ÕÐÐÌÅÍÅÎÔÁÒÙ ÉÎÆÏÒÍÁÔÉÏÎɊȢ 4ÈÅ ÄÁÔÁ ×ÁÓ ÕÓÅÄ ÔÏ ÄÅÔÅÒÍÉÎÅ ÍÅÁÎ ÍÏÎÔÈÌÙ ÁÎÄ ÁÎÎÕÁÌ 

ПÌÏ×ÓȢ   

 

 "&) ÖÁÌÕÅÓ ÃÁÌÃÕÌÁÔÅÄ ÂÙ +ÅÌÌÙ ÅÔ ÁÌ ɉςπςπɊ ɉÓÕÐÐÌÅÍÅÎÔÁÒÙ ÉÎÆÏÒÍÁÔÉÏÎɊ ×ÅÒÅ ÕÓÅÄ ÔÏ 

ÁÌÌÏÃÁÔÅ ÔÈÅ ÂÁÓÅ ПÌÏ× ÁÎÄ ÓÕÒÆÁÃÅ ПÌÏ× ÃÏÍÐÏÎÅÎÔÓ ÏÆ ÔÈÅ ÍÏÎÔÈÌÙ ÁÎÄ ÁÎÎÕÁÌ ÁÖÅÒÁÇÅ 

ПÌÏ×Ó ÆÏÒ ÅÁÃÈ ÓÔÁÔÉÏÎ ÆÏÒ ÁÌÌ ÔÈÅ ÒÅÃÏÒÄÅÄ ÄÁÔÁ ÓÕÍÍÁÒÉÚÅÄ ÉÎÔÏ ÁÖÅÒÁÇÅ ÖÁÌÕÅÓ ÆÏÒ ÅÁÃÈ 

ÃÁÌÅÎÄÁÒ ÍÏÎÔÈ ÁÌÏÎÇÓÉÄÅ ÔÈÅ ÔÏÔÁÌ ÁÖÅÒÁÇÅ ÁÎÎÕÁÌ ПÌÏ×Ȣ 4ÈÅ ÒÉÖÅÒÓ ÔÈÁÔ ÄÉÓÃÈÁÒÇÅÄ 

ÄÉÒÅÃÔÌÙ ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ×ÅÒÅ ÕÓÅÄ ÔÏ ÅÓÔÉÍÁÔÅ ÔÈÅ ÖÏÌÕÍÅ ÏÆ ÉÎПÌÏ× ÆÒÏÍ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÔÏ ,ÁËÅ -ÁÌÁ×ÉȢ    

 

.ÁÔÉÏÎÁÌ ÒÁÉÎÆÁÌÌ ÄÁÔÁ ÆÏÒ τς ×ÅÁÔÈÅÒ ÓÔÁÔÉÏÎÓ ÉÎ -ÁÌÁ×É ×ÁÓ ÐÒÏÖÉÄÅÄ ÂÙ ÔÈÅ -ÁÌÁ×ÉÁÎ 

'ÏÖÅÒÎÍÅÎÔȢ  -ÏÎÔÈÌÙ ÒÁÉÎÆÁÌÌ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÆÏÒ ÉÎÄÉÖÉÄÕÁÌ ÓÔÁÔÉÏÎÓ ÁÎÄ ÔÈÅ ÎÁÔÉÏÎÁÌ 

ÁÎÎÕÁÌ ÁÖÅÒÁÇÅ ɉÓÕÐÐÌÅÍÅÎÔÁÒÙ ÉÎÆÏÒÍÁÔÉÏÎɊ ÆÏÒ ρωτω ÔÏ ςπρφȢ /ÎÌÙ ÓÔÁÔÉÏÎÓ ÐÒÏÖÉÄÉÎÇ 

ÃÏÍÐÌÅÔÅ ÄÁÔÁÓÅÔÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÃÁÌÃÕÌÁÔÅ ÁÖÅÒÁÇÅ ÒÁÉÎÆÁÌÌȢ !ÎÎÕÁÌ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÄÁÔÁ ÆÏÒ 

ÔÈÅ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ ×ÁÓ ÖÅÒÉПÉÅÄ ÔÏ ÃÏÎПÉÒÍ ÔÈÁÔ ÉÔ ×ÁÓ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÏÆ ÁÖÅÒÁÇÅ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÏÖÅÒ ÔÈÅ ×ÈÏÌÅ ,ÁËÅ -ÁÌÁ×É 3ÈÉÒÅ 2ÉÖÅÒ "ÁÓÉÎ ɉ,-32"Ɋ ÆÏÒ ÔÈÅ ÐÅÒÉÏÄ 

ρωωψȤςπρρȢ 4ÈÅ ÌÏÃÁÔÉÏÎÓ ÏÆ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ ÁÎÄ ÔÈÅ ,-32" ÂÁÓÉÎ ÉÓ ÓÈÏ×Î ÉÎ &ÉÇÕÒÅ ρȢ 

!ÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÓÔÉÍÁÔÅÓ ÆÏÒ ÔÈÅ ,-32" ×ÁÓ ÏÂÔÁÉÎÅÄ ÆÒÏÍ ÒÅÍÏÔÅ ÓÅÎÓÉÎÇ Äaily 

precipitation estimates were obtained from the TRMM 3B42 (Huffman, 1997; Huffman, 

2012; Huffman et al., 1997; Huffman et al., 2007; Hufman et al., 2001; Huffman et al., 



φσ 
 

1995)Ȣ 4ÈÅ ÁÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÓÔÉÍÁÔÅ ÆÏÒ ÒÅÍÏÔÅ ÓÅÎÓÉÎÇ ÁÎÄ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ ×ÅÒÅ 

ÃÏÍÐÁÒÅÄ ÂÙ ÃÁÌÃÕÌÁÔÉÎÇ ÔÈÅ +ÌÉÎÇȤ'ÕÐÔÁ %ÆПÉÃÉÅÎÃÙ ɉ+'%Ɋȟ ÅÑÕÁÔÉÏÎ ςȢρ ɉ!ÃÈÁÒÙÁ ÅÔ ÁÌȢȟ 

ςπρωɊȢ 4ÈÅ +'% ÉÓ Á ÃÏÍÍÏÎÌÙ ÕÓÅÄ ÍÅÁÓÕÒÅ ÏÆ ÍÏÄÅÌ ПÉÔ ÉÎ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓȟ 

ÉÎÃÌÕÄÉÎÇ ÅÖÁÌÕÁÔÉÎÇ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÄÁÔÁȟ !ÃÈÁÒÙÁ ÅÔ ÁÌȢȟ ςπρωȟ ÁÎÄ ÉÓ ÃÁÌÃÕÌÁÔÅÄ ÕÓÉÎÇ 

ÅÑÕÁÔÉÏÎ υ ɉ'ÕÐÔÁ ÅÔ ÁÌȢȟ ςππωɊȢ -ÏÄÅÌÓ ×ÉÔÈ +'% ÖÁÌÕÅÓ ÂÅÔ×ÅÅÎ ȤπȢτρ ÁÎÄ ρ ÁÒÅ 

ÔÙÐÉÃÁÌÌÙ ÃÏÎÓÉÄÅÒÅÄ ÔÏ ÈÁÖÅ ÒÅÁÓÏÎÁÂÌÅ ÐÅÒÆÏÒÍÁÎÃÅ ×ÉÔÈ ÈÉÇÈÅÒ +'% ÖÁÌÕÅÓ ÉÎÄÉÃÁÔÉÎÇ 

ÂÅÔÔÅÒ ПÉÔ ɉ+ÎÏÂÅÎ ÅÔ ÁÌȢȟ ςπρωɊȢ 

 

ὑὋὉρ ὶ ρ
‘

‘
ρ

„Ⱦ‘

„Ⱦ‘
ρ  

 

%ÑÕÁÔÉÏÎ υȡ +ÌÉÎÇȤ'ÕÐÔÁ %ÆПÉÃÉÅÎÃÙȢ 7ÈÅÒÅ Ò ÉÓ ÔÈÅ ÐÅÁÒÓÏÎ ÃÏÅÆПÉÃÉÅÎÔȟ ‘ÉÓ ÔÈÅ ÍÅÁÎ ÏÆ 

ÔÈÅ ÓÉÍÕÌÁÔÅÄ ÔÉÍÅ ÓÅÒÉÅÓȟ ‘ ÉÓ ÔÈÅ ÍÅÁÎ ÏÆ ÔÈÅ ÏÂÓÅÒÖÅÄ ÔÉÍÅ ÓÅÒÉÅÓȟ „ ÉÓ ÔÈÅ ÓÔÁÎÄÁÒÄ 

ÄÅÖÉÁÔÉÏÎ ÏÆ ÔÈÅ ÓÉÍÕÌÁÔÅÄ ÄÁÔÁȟ ÁÎÄ „ÉÓ ÔÈÅ ÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎ ÏÆ ÔÈÅ ÏÂÓÅÒÖÅÄ ÄÁÔÁȢ  

 

 

4Ï ÅÖÁÌÕÁÔÅ ÔÈÅ ÉÍÐÁÃÔ ÏÆ ÓÏÌÁÒ ÃÙÃÌÅÓ ÏÎ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ×Å ÁÌÓÏ ÅÖÁÌÕÁÔÅÄ ÐÅÒÉÏÄÉÃÉÔÙ 

ÉÎ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÕÓÉÎÇ ÍÏÎÔÈÌÙ ÒÅÍÏÔÅ ÓÅÎÓÉÎÇ ÅÓÔÉÍÁÔÅÓ ÏÆ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ 

ÆÒÏÍ ρωυψȤςπςςȢ !ÖÅÒÁÇÅ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÅÓÔÉÍÁÔÅÓ ÆÏÒ ÔÈÅ ,-32" ×ÅÒÅ ÏÂÔÁÉÎÅÄ 

ÆÒÏÍ 'ÏÏÇÌÅ %ÁÒÔÈ %ÎÇÉÎÅ ɉ'ÏÒÅÌÉÃË ÅÔ ÁÌȢȟ ςπρχɊ ÕÓÉÎÇ 4ÅÒÒÁ#ÌÉÍÁÔÅ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ 

ÅÓÔÉÍÁÔÅÓ ɉ!ÂÁÔÚÏÇÌÏÕ ÅÔ ÁÌȢȟ ςπρψɊȢ 3ÏÕÒÃÅÓ ÏÆ ÄÁÔÁ ÁÒÅ ÓÕÍÍÁÒÉÓÅÄ ÉÎ 4ÁÂÌÅ ςȢ 

 

 'ÒÏÕÎÄ×ÁÔÅÒ ÌÅÖÅÌ ÍÏÎÉÔÏÒÉÎÇ ÉÓ ÉÎ ÉÔÓ ÉÎÆÁÎÃÙ ÉÎ -ÁÌÁ×É ×ÉÔÈ ÔÈÅ ÅÁÒÌÉÅÓÔ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÍÏÎÉÔÏÒÉÎÇ ÄÁÔÁ ÆÒÏÍ ςππω ÁÎÄ ÌÉÍÉÔÅÄ ÇÅÏÇÒÁÐÈÉÃÁÌ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπςςɊȢ 

!Ó ÓÕÃÈȟ ÔÈÅÒÅ ÉÓ ÎÏÔ ÓÕÆПÉÃÉÅÎÔ ÄÁÔÁ ÔÏ ÄÅÔÅÒÍÉÎÅ ÉÆ Á ÃÏÒÒÅÌÁÔÉÏÎ ÅØÉÓÔÓ ÂÅÔ×ÅÅÎ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÎÄ ÌÁËÅ ÌÅÖÅÌÓȢ "ÁÎËÓ ÅÔ ÁÌ ɉÉÎ ÐÒÅÓÓɊ ÆÏÕÎÄ Á ÍÅÁÎ ÁÇÅ ÏÆ σφ ÙÅÁÒÓ 

ÆÏÒ ÓÈÁÌÌÏ× ÇÒÏÕÎÄ×ÁÔÅÒ ÉÎ -ÁÌÁ×Éȟ ÁÎÄ ÔÈÅÒÅÆÏÒÅ ÓÈÏÒÔ ÐÅÒÉÏÄ ÖÁÒÉÁÔÉÏÎ ÉÎ ÒÅÃÈÁÒÇÅ 



φτ 
 

ÖÏÌÕÍÅÓ ÁÒÅ ÈÉÇÈÌÙ ÌÉËÅÌÙ ÔÏ ÉÎПÌÕÅÎÃÅ ÖÁÒÉÁÔÉÏÎ ÏÆ ÔÈÅ ÂÁÓÅ ПÌÏ× ÃÏÍÐÏÎÅÎÔ ÔÏ ÒÉÖÅÒÓȢ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ ÖÁÒÉÁÂÉÌÉÔÙ ×ÉÔÈ ÌÁÇȤÐÅÒÉÏÄÓ ×ÅÒÅ ÕÓÅÄ ÁÓ Á ÐÒÏØÙ ÃÏÎÎÅÃÔÉÏÎ ÂÅÔ×ÅÅÎ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÎÄ ,ÁËÅ -ÁÌÁ×ÉȭÓ ÒÁÔÅ ÏÆ ÄÅÃÌÉÎÅ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎȢ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ ×ÁÓ ÉÎÖÅÓÔÉÇÁÔÅÄ ÁÓ ÔÈÅ ÁÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÏÖÅÒ σȟ φ ÁÎÄ ρς ÍÏÎÔÈ 

ÐÅÒÉÏÄÓ ×ÉÔÈ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ ÔÏ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ÉÎÖÅÓÔÉÇÁÔÅÄ ×ÉÔÈ ÎÏ ÌÁÇ ÁÓ ×ÅÌÌ ÁÓ ÌÁÇ 

ÐÅÒÉÏÄÓ ÏÆ ρȤρυ ÙÅÁÒÓȢ  

 

4ÁÂÌÅ φȡ 3ÏÕÒÃÅÓ ÏÆ ÄÁÔÁ ÆÏÒ ÐÒÅÃÉÐÉÔÁÔÉÏÎȟ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎȟ ,ÁËÅȾ ÒÉÖÅÒ ÏÕÔУÌÏ×ȟ ÁÎÄ 

,ÁËÅ ,ÅÖÅÌ  

$ÁÔÁ 3ÏÕÒÃÅ 4ÉÍÅ ÐÅÒÉÏÄ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ 'ÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ ρωτωȤςπρχ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ 2ÅÍÏÔÅ ÓÅÎÓÉÎÇ 42-- 

σ"τς 

ρωωψȤςπρρ 

%ÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ 2ÅÍÏÔÅ ÓÅÎÓÉÎÇ 

4ÅÒÒÁÃÌÉÍÁÔÅ %4  

ρωυψȤςπςς 

,ÁËÅȾ2ÉÖÅÒ ÏÕÔПÌÏ× 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É ρωτψȤςπρς 

,ÁËÅ ,ÅÖÅÌ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×É ρωππȤςπρφ 

 

 

0ÅÒÉÏÄÉÃÉÔÙ ÉÎ ÒÁÉÎÆÁÌÌ ÁÎÄ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÈÁÓ ÂÅÅÎ ÏÂÓÅÒÖÅÄ ×ÉÔÈÉÎ -ÁÌÁ×É ÁÎÄ ÉÓ 

ÎÏÔÅÄ ÔÏ ÉÎÆÏÒÍ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎȢ .ÉÃÈÏÌÓÅÎ ÁÎÄ %ÎÔÅËÈÁÂÉ ɉρωψφɊ ÆÏÕÎÄ ÔÈÁÔ ÔÈÅÒÅ ×ÁÓ Á υ 

ÔÏ φȢσ ÙÅÁÒ ÐÅÒÉÏÄÉÃÉÔÙ ÉÎ ÒÁÉÎÆÁÌÌ ÐÒÅÓÅÎÔ ÉÎ -ÁÌÁ×É ÄÕÅ ÔÏ ÔÈÅ %.3/Ȣ )Î ÔÈÉÓ ÓÔÕÄÙȟ χ 

ÙÅÁÒÓ ÉÓ ÃÈÏÓÅÎ ÁÓ ÉÔ ÉÓ ÔÈÅ ÍÁØÉÍÕÍ ÌÅÎÇÔÈ ÏÆ ÔÈÅ %.3/ ÃÙÃÌÅ ɉ4ÕÄÈÏÐÅ ÅÔ ÁÌȟ ςππρɊȢ 

+ÕÍÂÕÙÏ ÅÔ ÁÌ ɉςπρτɊ ÆÏÕÎÄ ÔÈÁÔ ÔÈÅÒÅ ÁÒÅ Ô×Ï ÒÁÉÎÆÁÌÌ ÚÏÎÅÓ ÐÒÅÓÅÎÔ ÏÖÅÒ ,ÁËÅ -ÁÌÁ×Éȡ 

ÏÎÅ ÉÎ ÔÈÅ ÎÏÒÔÈ ÁÎÄ ÏÎÅ ÉÎ ÔÈÅ ÓÏÕÔÈ ÏÆ ÔÈÅ ÌÁËÅȢ 3ÔÕÄÉÅÓ ÓÈÏ× ÔÈÁÔ ÔÈÅ ÒÁÉÎÆÁÌÌ 

ÐÅÒÉÏÄÉÃÉÔÙ ÉÎ ÔÈÅÓÅ ÚÏÎÅÓ ÁÒÅ ρσȢφτ ÁÎÄ ρπȢπφ ÙÅÁÒÓ ÒÅÓÐÅÃÔÉÖÅÌÙ ɉ+ÕÍÂÕÙÏ ÅÔ ÁÌȟ ςπρτɊȢ 

4ÈÅ ρρ ÙÅÁÒ ÌÁÇ ÐÅÒÉÏÄ ÉÓ ÃÏÎÓÉÄÅÒÅÄ ÔÏ ÂÅ ÔÈÅ ÌÅÎÇÔÈ ÏÆ Á ÓÕÎÓÐÏÔ ÃÙÃÌÅ ɉ3ÃÈÏÖÅȟ ρωυυɊȢ  



φυ 
 

 

ςȢς 2ÁÔÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ ÃÈÁÎÇÅ 

 

4ÈÅ ÒÁÔÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ ÃÈÁÎÇÅ ×ÁÓ ÅÖÁÌÕÁÔÅÄ ÔÏ ÉÎÖÅÓÔÉÇÁÔÅ ÄÒÉÖÅÒÓ ÏÆ ,ÁËÅ 3ÔÏÒÁÇÅ 

ÃÈÁÎÇÅȢ #ÏÎÃÅÐÔÕÁÌ ÃÏÎÔÒÏÌÓ ÆÏÒ ÔÈÅ ÒÅÇÒÅÓÓÉÏÎ ÉÎ ÌÁËÅ ÌÅÖÅÌÓ ÁÎÄ ÔÈÅ ÓÌÏÐÅ ÏÆ ÔÈÅ 

ÒÅÇÒÅÓÓÉÏÎ ÁÒÅ ÄÅÐÉÃÔÅÄ ÉÎ &ÉÇÕÒÅ σ ×ÉÔÈ ÃÈÁÎÇÅÓ ÉÎ '7 ÂÁÓÅПÌÏ× ÁÎÄ ÅÖÁÐÏÒÁÔÉÏÎ ÂÅÉÎÇ 

ÔÈÅ ÍÁÉÎ ÆÁÃÔÏÒÓȢ    

 

 

 

 

&ÉÇÕÒÅ χȢ #ÏÎÃÅÐÔÕÁÌ ÍÏÄÅÌ ÏÆ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÆÏÒ ,ÁËÅ -ÁÌÁ×ÉȢ 

  

4ÈÅ ÒÁÔÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÂÙ ПÉÔÔÉÎÇ Á ,ÏÃÁÌ 0ÏÌÙÎÏÍÉÁÌ 2ÅÇÒÅÓÓÉÏÎ 

ÍÏÄÅÌ ɉ#ÌÅÖÅÌÁÎÄ ÁÎÄ $ÅÖÌÉÎȟ ρωψψɊ ÔÏ ,ÁËÅ ,ÅÖÅÌ ÄÁÔÁ ÕÓÉÎÇ ÔÈÅ ÌÏÅÓÓɉɊ ÆÕÎÃÔÉÏÎ ÕÎÄÅÒ 

ÔÈÅ ÓÔÁÔÓ ÐÁÃËÁÇÅ ÉÎ 2 ɉ2 #ÏÒÅ 4ÅÁÍȟ ςπςτɊȢ 4ÈÅ ÍÅÔÈÏÄ ÉÓ ÏÕÔÌÉÎÅÄ ÉÎ #ÌÅÖÅÌÁÎÄ ÅÔ ÁÌȢȟ 

ρωως ɉ#ÌÅÖÅÌÁÎÄ ÅÔ ÁÌȢȟ ρωωςɊȢ -ÕÌÔÉÐÌÅ ÄÅÇÒÅÅÓ ÏÆ ÓÍÏÏÔÈÉÎÇ ×ÅÒÅ ÉÎÖÅÓÔÉÇÁÔÅÄ ÔÏ ПÉÎÄ 

ÔÈÅ ÂÅÓÔ ПÉÔȢ 4ÈÅ ÒÁÔÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÕÓÉÎÇ ÔÈÅ ÄÉÆÆɉɊ ÆÕÎÃÔÉÏÎ ÉÎ ÔÈÅ 

ÂÁÓÅ ÐÁÃËÁÇÅ ÉÎ 2Ȣ 4ÈÅ ÃÈÁÎÇÅ ÉÎ ,ÁËÅ ,ÅÖÅÌ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÆÏÒ ÅÁÃÈ ÍÏÎÔÈȢ  



φφ 
 

 

ςȢσ 0ÅÒÉÏÄÉÃÉÔÙ ÏÆ ,ÁËÅ ,ÅÖÅÌ ÃÈÁÎÇÅ 

 

4ÈÅ ÓÔÁÔÉÏÎÁÒÉÔÙ ÏÆ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÔÏ ÃÏÎПÉÒÍ ÔÈÁÔ ÉÔ ÍÅÔ ÔÈÅ 

ÁÓÓÕÍÐÔÉÏÎ ÏÆ ÓÔÁÔÉÏÎÁÒÉÔÙ ÕÓÉÎÇ ÔÈÅ !ÕÇÍÅÎÔÅÄ $ÉÃËÅÙȤ&ÕÌÌÅÒ ÔÅÓÔ ɉ&ÕÌÌÅÒȟ ρωωφɊ ÕÓÉÎÇ 

ÔÈÅ ÁÄÆȢÔÅÓÔɉɊ ÆÕÎÃÔÉÏÎ ÉÎ ÔÈÅ ÐÁÃËÁÇÅ Á43! ÉÎ ÂÁÓÅ 2Ȣ  

 

)ÎÔÅÒÁÎÎÕÁÌ ÐÁÔÔÅÒÎÓ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ×ÅÒÅ ÉÎÖÅÓÔÉÇÁÔÅÄ ÂÙ ÃÁÌÃÕÌÁÔÉÎÇ ÔÈÅ ÁÎÎÕÁÌ 

ÍÏÖÉÎÇ ÁÖÅÒÁÇÅ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ 4ÈÉÓ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÕÓÉÎÇ ÔÈÅ ÍÁɉɊ ÆÕÎÃÔÉÏÎ ÕÓÉÎÇ ÔÈÅ 

ÆÏÒÅÃÁÓÔ ÐÁÃËÁÇÅ ÉÎ ÂÁÓÅ 2Ȣ 3ÅÁÓÏÎÁÌ ÔÒÅÎÄÓ ÉÎ ÔÈÅ ÁÎÎÕÁÌ ÍÏÖÉÎÇ ÁÖÅÒÁÇÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ 

#ÈÁÎÇÅ ×ÅÒÅ ÅØÔÒÁÃÔÅÄ ÕÓÉÎÇ ÓÅÁÓÏÎÁÌ ÄÅÃÏÍÐÏÓÉÔÉÏÎ ÏÆ ÔÉÍÅ ÓÅÒÉÅÓ ÂÙ ÌÏÃÁÌ ÐÏÌÙÎÏÍÉÁÌ 

ÒÅÇÒÅÓÓÉÏÎ ɉ#ÌÅÖÅÌÁÎÄ ÅÔ ÁÌȢȟ ρωωπɊ ÕÓÉÎÇ ÔÈÅ ÄÅÃÏÍÐÏÓÅɉɊ ÆÕÎÃÔÉÏÎ ÕÎÄÅÒ ÔÈÅ ÓÔÁÔÓ 

ÐÁÃËÁÇÅ ÉÎ ÂÁÓÅ 2Ȣ 

 

&ÉÇÕÒÅ τ ÓÈÏ×Ó ÔÈÅ ÔÈÅÏÒÅÔÉÃÁÌ ÄÅÃÏÍÐÏÓÉÔÉÏÎ ÏÆ ,ÁËÅ ,ÅÖÅÌ ÃÈÁÎÇÅ ÓÈÏ×ÉÎÇ ÔÈÅ ÍÁÊÏÒ 

ÄÒÉÖÅÒÓ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ÔÉÍÅ ÏÆ ÙÅÁÒ ÁÎÄ ×ÅÔȾÄÒÙ ÓÅÁÓÏÎȢ 4ÈÅ ÒÁÔÅ 

ÏÆ ÄÅÃÌÉÎÅ ÉÓ ÏÆ ÐÁÒÔÉÃÕÌÁÒ ÉÍÐÏÒÔÁÎÃÅ ÁÎÄ ÉÓ ÓÈÏ×ÎȢ 

 

 

 



φχ 
 

 

&ÉÇÕÒÅ ψȡ $ÅУÉÎÉÎÇ ÔÈÅ ÓÔÒÕÃÔÕÒÅ ÏÆ ,ÁËÅ -ÁÌÁ×É ×ÁÔÅÒ ÌÅÖÅÌ ÁÎÎÕÁÌ ÃÙÃÌÅȢ 4ÈÅ ÒÁÔÅ ÏÆ 

ÃÈÁÎÇÅ ÉÓ ÔÈÅ ÄÉÆÆÅÒÅÎÔÉÁÌ ÏÆ ÔÈÅ ÌÁËÅ ÌÅÖÅÌȟ ÁÎ ÅØÁÍÐÌÅ ÒÁÔÅ ÏÆ ÄÅÃÌÉÎÅ ÉÓ ÓÈÏ×Î ÈÅÒÅ ÉÎ ÒÅÄȢ 

 

 

 

 

&ÕÒÔÈÅÒ ÉÎÖÅÓÔÉÇÁÔÉÏÎ ÏÆ ÐÅÒÉÏÄÉÃÉÔÙ ÉÎ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ ×ÅÒÅ ÁÎÁÌÙÚÅÄ ÕÓÉÎÇ $ÉÓÃÒÅÔÅ 

&ÏÕÒÉÅÒ 4ÒÁÎÓÆÏÒÍÓ ɉ"ÅÃËÅÒ ÅÔ ÁÌȢȟρωψψȠ 3ÉÎÇÌÅÔÏÎ ρωχωȠ #ÏÏÌÅÙ ÅÔ ÁÌȢȟ ρωφυɊ ÕÓÉÎÇ ÔÈÅ 

ÆÆÔɉɊ ÆÕÎÃÔÉÏÎ ÉÎ ÔÈÅ ÓÔÁÔÓ ÐÁÃËÁÇÅȟ ÂÁÓÅ 2 ɉ2 ÃÏÒÅ ÔÅÁÍȟ ςπςτɊȢ 4ÈÅ ÅÑÕÁÔÉÏÎ ÆÏÒ Á 

$ÉÓÃÒÅÔÅ &ÏÕÒÉÅÒ 4ÒÁÎÓÆÏÒÍ ÉÓ ÓÈÏ×Î ÂÅÌÏ× ÁÓȡ  

 

ώὬ ᾀὯ Ὡὼὴ
ς“ὭὯ ρ Ὤ ρ

ὲ
 

 

 

%ÑÕÁÔÉÏÎ φȡ $ÉÓÃÒÅÔÅ &ÏÕÒÉÅÒ 4ÒÁÎÓÆÏÒÍÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÉÄÅÎÔÉÆÙ ÄÏÍÉÎÁÎÔ ÆÒÅÑÕÅÎÃÉÅÓ ÉÎ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ɉÄÁÔÁ ÆÒÏÍ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ ÆÒÏÍ ρωφπɊȟ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎȟ ÒÉÖÅÒȾÌÁËÅ 

ÏÕÔПÌÏ×Óȟ ,ÁËÅ ,ÅÖÅÌ ÁÎÄ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅȾ ÓÌÏÐÅȢ 7ÈÅÒÅ Ú ÉÓ ÖÅÃÔÏÒȟ ÈЀρȟȢȢȟÎȢ Ì ÉÓ ÔÈÅ 

ÌÅÎÇÔÈ ÏÆ ÙȢ 



φψ 
 

 

ςȢτ $ÒÉÖÅÒÓ ÏÆ ,ÁËÅ ,ÅÖÅÌ ÃÈÁÎÇÅ 

4Ï ÉÄÅÎÔÉÆÙ ÔÈÅ ÍÏÓÔ ÓÉÇÎÉПÉÃÁÎÔ ÄÒÉÖÅÒÓ ÏÆ ÔÈÅ ÃÈÁÎÇÅ ÉÎ ,ÁËÅ ,ÅÖÅÌ ÆÏÒ ÇÉÖÅÎ ÍÏÎÔÈÓȟ Á 

ÍÕÌÔÉÐÌÅ ÒÅÇÒÅÓÓÉÏÎ ÕÓÉÎÇ Á ÌÉÎÅÁÒ ÍÏÄÅÌ ÆÏÒ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÔ ÄÉÆÆÅÒÅÎÔ ÌÁÇ ÔÉÍÅÓ ×ÁÓ 

ПÉÔÔÅÄ ÔÏ ÔÈÅ ÃÈÁÎÇÅ ÉÎ ,ÅÖÅÌ ,ÅÖÅÌ ɉÓÌÏÐÅɊ ÕÓÉÎÇ ÔÈÅ ÌÍɉɊ ÆÕÎÃÔÉÏÎ ÉÎ ÔÈÅ ÓÔÁÔÓ ÐÁÃËÁÇÅ ÉÎ 

ÂÁÓÅ 2Ȣ ɉ#ÈÁÍÂÅÒÓ ÅÔ ÁÌȢȟ ρωωςȠ 7ÉÌËÉÎÓÏÎ ÁÎÄ 2ÏÇÅÒÓȟ ρωχσɊȢ 4ÈÅ ÖÁÒÉÁÂÌÅÓ ×ÅÒÅ ÖÅÒÉПÉÅÄ 

ÔÏ ÅÎÓÕÒÅ ÔÈÅÙ ÍÅÔ ÔÈÅ ÁÓÓÕÍÐÔÉÏÎÓ ÏÆ ,- ÍÏÄÅÌÌÉÎÇ ÏÆ ÌÉÎÅÁÒÉÔÙȟ ÒÅÓÐÏÎÓÅ ÄÉÓÔÒÉÂÕÔÉÏÎȟ 

ÉÎÄÅÐÅÎÄÅÎÃÅ ÏÆ ÖÁÒÉÁÂÌÅÓ ÁÎÄ ÍÕÌÔÉÃÏÌÌÉÎÅÁÒÉÔÙȢ !ÓÓÕÍÐÔÉÏÎÓ ÏÆ ÇÅÎÅÒÁÌÉÚÅÄ ÌÉÎÅÁÒ 

ÍÏÄÅÌÌÉÎÇ ×ÅÒÅ ÃÈÅÃËÅÄ ÆÏÒ ÁÌÌ ,- ÍÏÄÅÌÓ ×ÉÔÈ ÁÌÌ ÁÓÓÕÍÐÔÉÏÎÓ ÓÕÍÍÁÒÉÚÅÄ ÉÎ ÔÈÅ 

ÁÐÐÅÎÄÉØȢ  

 

! ÌÉÎÅÁÒ ÍÏÄÅÌ ×ÁÓ ÄÅÖÅÌÏÐÅÄ ÆÏÒ ÔÈÅ ÁÖÅÒÁÇÅ ,ÁËÅ ,ÅÖÅÌ ÃÈÁÎÇÅȾ ÓÌÏÐÅ ÆÏÒ ÔÈÅ σȤÍÏÎÔÈ 

ÐÅÒÉÏÄ ÌÅÁÄÉÎÇ ÕÐ ÔÏ Á ÇÉÖÅÎ ÍÏÎÔÈ ÆÏÒ σȟ φ ÁÎÄ ρς ÍÏÎÔÈ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÓÔÉÍÁÔÅÓ ÌÅÁÄÉÎÇ 

ÕÐ ÔÏ ÔÈÅ ÇÉÖÅÎ ÍÏÎÔÈ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ ÁÎÎÕÁÌ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÆÏÒ ÉÎÄÉÖÉÄÕÁÌ ÙÅÁÒÓ ×ÉÔÈ ÌÁÇÓ 

ÏÆ ρȤρυ ÙÅÁÒÓȢ &ÏÒ ÅÁÃÈ ,-ȟ ÓÉÇÎÉПÉÃÁÎÔ ÍÏÄÅÌ ÖÁÒÉÁÂÌÅÓ ɉÐ ÖÁÌÕÅ ЃπȢρɊ ×ÅÒÅ ÉÄÅÎÔÉПÉÅÄ 

ÁÎÄ Á ÓÕÂÓÅÑÕÅÎÔ ,- ×ÁÓ ÇÅÎÅÒÁÔÅÄ ÂÁÓÅÄ ÏÎÌÙ ÏÎ ÔÈÅ ÓÉÇÎÉПÉÃÁÎÔ ÖÁÒÉÁÂÌÅÓȢ 4ÈÅ 

ÍÕÌÔÉÐÌÅ 2ȤÓÑÕÁÒÅÄ ÁÎÄ ÁÄÊÕÓÔÅÄ 2ȤÓÑÕÁÒÅÄ ÆÏÒ ÅÁÃÈ ÍÏÄÅÌ ×ÅÒÅ ÁÌÓÏ ÐÒÅÓÅÎÔÅÄ ÆÏÒ ÔÈÅ 

,- ÍÏÄÅÌ ÇÅÎÅÒÁÔÅÄ ÆÏÒ ÅÁÃÈ ÍÏÎÔÈȢ  

σȢ 2ÅÓÕÌÔÓ  

 

4ÈÅ ÍÏÎÔÈÌÙ ÁÎÄ ÁÎÎÕÁÌ ПÌÏ× ÁÖÅÒÁÇÅÓ ×ÅÒÅ ÃÁÌÃÕÌÁÔÅÄ ÆÏÒ ÅÁÃÈ ÒÉÖÅÒ ÓÔÁÔÉÏÎȢ 4ÈÅÓÅ 

×ÅÒÅ ÓÕÍÍÁÒÉÓÅÄ ÉÎÔÏ ÔÏÔÁÌ ÁÖÅÒÁÇÅÓ ÆÏÒ ÅÁÃÈ ÍÏÎÔÈ ÁÎÄ ÔÈÅ ÔÏÔÁÌ ÁÎÎÕÁÌ ÁÖÅÒÁÇÅȢ 4ÈÅ 

ÁÎÎÕÁÌ ÁÖÅÒÁÇÅ ÂÁÓÅПÌÏ× ÉÎÆÅØ ÆÏÒ ÒÉÖÅÒÓ ×ÉÔÈÉÎ ÅÁÃÈ 72! ÁÒÅ ÓÕÍÍÁÒÉÚÅÄ ÉÎ 4ÁÂÌÅ σȢ 

!ÌÌ ÁÖÅÒÁÇÅÄ ÍÏÎÔÈÌÙ ÁÎÄ ÁÎÎÕÁÌ ÖÁÌÕÅÓ ÆÏÒ ÔÏÔÁÌ ÄÉÓÃÈÁÒÇÅȟ ÂÁÓÅПÌÏ× ÁÎÄ ÓÕÒÆÁÃÅ ПÌÏ× 

ÆÏÒ ÅÁÃÈ ÓÔÁÔÉÏÎ ÁÎÄ ÉÎÄÉÖÉÄÕÁÌ ÈÙÄÒÏÇÒÁÐÈÓ ÆÏÒ ÅÁÃÈ ÓÔÁÔÉÏÎ ÁÒÅ ÓÕÍÍÁÒÉÚÅÄ ÉÎ 

!ÐÐÅÎÄÉØ !Ȣ /ÖÅÒÁÌÌȟ ÒÉÖÅÒÓ ÉÎ -ÁÌÁ×É ÁÒÅ ÅÆПÌÕÅÎÔ ÒÉÖÅÒÓȟ ×ÉÔÈ ÔÈÅ ÄÉÓÃÈÁÒÇÅ ÉÎÃÒÅÁÓÉÎÇ 



φω 
 

ÄÏ×ÎÓÔÒÅÁÍȢ !Ó ÔÈÅ ПÌÏ×Ó ÒÁÎÇÅÄ ÆÒÏÍ ρπππȭÓ ÏÆ ÍσȾÓ ÔÏ ÌÅÓÓ ÔÈÁÎ ρ ÍσȾÓȟ ÔÈÅ ÖÁÌÕÅÓ ÁÒÅ 

ÒÏÕÎÄÅÄ ÔÏ Ô×Ï ÄÅÃÉÍÁÌ ÐÌÁÃÅÓȢ   

 

Table 3: Storage reserves estimates (Robin et al, 2013) with average annual BFI (Kelly et al, 2020) 

 

WRA Storage Reserve (m3) Annual Average BFI* Rank 

 

Fractured 

rock 

aquifer 

Weathered 

rock 

aquifer 

 Storage BFI  

1 1.27x107  0.64 5 5 

2 1.75x106  0.32 14 14 

3 3.55x106  0.57 8 7 

4 2.00x106 2.27x107 0.49 4 9 

5 1.91x106 4.14x107 0.68 1 4 

6 2.97x106 2.47x107 0.37 3 12 

7 7.88x106 3.07x107 0.73 2 3 

8 5.01x106 8.85x105 0.60 7 6 

9 3.15x106 4.22x106 0.51 6 8 

10 1.23x106     

11 1.99x106  0.45 13 10 

14 3.18x106  0.39 10 11 

15 2.77x106  0.33 11 13 

16 3.47x106  0.73 9 2 

17 2.73x106  0.78 12 1 

*calculated using Kelly et al (2020) average annual BFI values in Table 3.2 

 
 

 

(ÙÄÒÏÇÒÁÐÈÓ ÐÒÏÖÉÄÅÄ ÉÎ ÔÈÅ !ÐÐÅÎÄÉØ $ ÓÈÏ× ÔÈÅ ÂÁÓÅПÌÏ× ÁÎÄ ÓÕÒÆÁÃÅ ПÌÏ× ÆÏÒ 

ÉÎÄÉÖÉÄÕÁÌ 72!Ó ÏÖÅÒ ÁÎ ÁÖÅÒÁÇÅ ÍÏÎÔÈȢ 4ÈÅ ÈÉÇÈÅÓÔ ПÌÏ×Ó ÏÃÃÕÒ ÄÕÒÉÎÇ ÔÈÅ ×ÅÔ ÓÅÁÓÏÎ 

×ÉÔÈ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ÅØÐÅÒÉÅÎÃÉÎÇ ÔÈÅ ÌÏ×ÅÓÔ ПÌÏ×ÓȢ /Î ÓÏÍÅ ÒÉÖÅÒÓȟ ÔÈÅÒÅ ÉÓ ÌÉÔÔÌÅ ÔÏ ÎÏ 

ПÌÏ× ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎȢ 4ÈÅ ÈÙÄÒÏÇÒÁÐÈÓ ÓÈÏ× ÔÈÅ ПÌÏ× ÆÒÏÍ .ÏÖÅÍÂÅÒ ÔÏ /ÃÔÏÂÅÒ 

ÔÏ ÒÅÐÒÅÓÅÎÔ Á ÈÙÄÒÏÌÏÇÉÃÁÌ ÙÅÁÒȢ 72! ρ ÈÁÓ ÔÈÅ ÈÉÇÈÅÓÔ ÔÏÔÁÌ ПÌÏ×Ó ÄÕÅ ÔÏ ÔÈÅ 2ÉÖÅÒ 

3ÈÉÒÅ ÂÅÉÎÇ ÌÏÃÁÔÅÄ ×ÉÔÈÉÎ ÔÈÁÔ ÁÒÅÁȢ &ÉÇÕÒÅ τȢς ÓÈÏ×Ó ÔÈÅ ÁÖÅÒÁÇÅ ПÌÏ×Ó ÆÏÒ ÔÈÅ 

ÎÏÒÔÈÅÒÎȟ ÃÅÎÔÒÁÌ ÁÎÄ ÓÏÕÔÈÅÒÎ ÒÅÇÉÏÎÓ ÏÆ -ÁÌÁ×É ÐÌÕÓ ÔÈÅ ÁÖÅÒÁÇÅ ÒÉÖÅÒ ÉÎПÌÏ×Ó ÉÎÔÏ 

,ÁËÅ -ÁÌÁ×ÉȢ 4ÈÅ ÎÏÒÔÈÅÒÎ ÒÅÇÉÏÎ ÉÎÃÌÕÄÅÓ 72!Ó χȟ ψȟ ωȟ ρυȟ ρφ ÁÎÄ ρχȟ ÃÅÎÔÒÁÌ 72!Ó 

ÃÏÍÐÒÉÓÅÓ ÏÆ σȟ τȟ υ ÁÎÄ φȟ ÁÎÄ ÓÏÕÔÈÅÒÎ ÒÅÇÉÏÎÓ ÃÏÎÓÉÓÔÉÎÇ ÏÆ 72! ρȟ ςȟ ρρ ÁÎÄ ρτȢ 

/ÖÅÒÁÌÌȟ ÂÁÓÅПÌÏ× ÉÎ ÔÈÅ ÓÏÕÔÈÅÒÎ ÒÅÇÉÏÎÓ ÃÏÎÔÒÉÂÕÔÅÓ ÔÏ ψψȢρπϷ ÏÆ ÔÏÔÁÌ ÄÉÓÃÈÁÒÇÅȟ 



χπ 
 

ÈÏ×ÅÖÅÒ 72!ȭÓ ςȟ ρρ ÁÎÄ ρτ ÁÌÌ ÈÁÖÅ ÌÏ× "&) ÖÁÌÕÅÓ ɉ4ÁÂÌÅ σɊȢ 4ÈÉÓ ÉÓ ÄÕÅ ÔÏ ÔÈÅ ПÌÏ×Ó ÉÎ 

72! ρ ÂÅÉÎÇ σȢχυ ÔÏ ρςπ ÔÉÍÅÓ ÇÒÅÁÔÅÒ ÔÈÁÎ ÒÉÖÅÒÓ ÉÎ ÔÈÅ ÏÔÈÅÒ ÁÒÅÁÓ ÔÈÅÒÅÆÏÒÅ 

ÄÏÍÉÎÁÔÉÎÇ ÔÈÅ ×ÈÏÌÅ ÒÅÇÉÏÎȢ   

 

4ÈÅ ÂÁÓÅПÌÏ× ÃÏÍÐÏÎÅÎÔ ÏÆ ÒÉÖÅÒÓ ÄÉÓÃÈÁÒÇÅ ÏÆ ÒÉÖÅÒÓ ×ÉÔÈÉÎ ÔÈÅ ÎÏÒÔÈÅÒ ÒÅÇÉÏÎȟ 

ÅØÃÅÐÔ ÉÎ 72! ρυȟ ÉÓ ÖÅÒÙ ÈÉÇÈȢ )Î ÃÅÎÔÒÁÌ ÒÅÇÉÏÎÓȟ ÔÈÅÒÅ ÉÓ Á ÌÏ×ÅÒ ÐÅÒÃÅÎÔÁÇÅ ÏÆ 

ÂÁÓÅПÌÏ×Ȣ )Î ÔÈÅ ÓÏÕÔÈ ÏÆ -ÁÌÁ×Éȟ ÂÁÓÅПÌÏ× ÃÏÎÔÒÉÂÕÔÅÓ ÔÏ ÃȢ ωπϷ ÏÆ ÔÏÔÁÌ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅȢ 

4ÈÉÓ ÓÈÏ×Ó ÔÈÁÔ ÔÈÅÒÅ ÉÓ ÓÕÂÓÔÁÎÔÉÁÌ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÔÈÒÏÕÇÈÏÕÔ -ÁÌÁ×ÉȢ 4ÈÅ 

ÈÉÇÈÅÓÔ ÐÏÒÔÉÏÎ ÏÆ ÂÁÓÅПÌÏ× ÉÓ ÆÏÕÎÄ ÉÎ 72! ρ ÁÎÄ ÔÈÅ ÌÏ×ÅÓÔ ÐÏÒÔÉÏÎ ÏÆ ÂÁÓÅПÌÏ× ÉÓ ÉÎ 

72! τȟ φ ÁÎÄ ρτȢ "Ù -ÁÒÃÈȟ ÆÏÒ ÍÏÓÔ ÒÅÇÉÏÎÓȟ ÁÎÄ -ÁÙ ÆÏÒ ÁÌÌ 72!Óȟ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅ ÉÓ 

ÄÏÍÉÎÁÔÅÄ ÂÙ ÇÒÏÕÎÄ×ÁÔÅÒ ПÌÏ× ×ÉÔÈ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÍÁËÉÎÇ ÕÐ Á ÓÍÁÌÌ ÐÅÒÃÅÎÔÁÇÅ ÏÆ ÔÈÅ 

ÔÏÔÁÌ ПÌÏ×Ȣ 4ÈÉÓ ÃÏÉÎÃÉÄÅÓ ×ÉÔÈ -ÁÌÁ×ÉȭÓ ÄÒÙ ÓÅÁÓÏÎȢ  

 

! ÐÏÔÅÎÔÉÁÌ ÓÏÕÒÃÅ ÏÆ ÅÒÒÏÒ ÉÓ ÔÈÅ ÖÁÒÙÉÎÇ ÑÕÁÌÉÔÙ ÉÎ ÔÈÅ ÄÁÔÁ ÒÅÃÏÒÄÅÄ ÆÏÒ ÅÁÃÈ ÒÉÖÅÒȢ 

%ÁÃÈ ÇÁÕÇÅ ÒÅÃÏÒÄÓ Á ÄÉÆÆÅÒÅÎÔ ÌÅÎÇÔÈ ÏÆ ÔÉÍÅ ×ÉÔÈ ÕÐ ÔÏ ρςϷ ÏÆ ÔÈÅ ÄÁÔÁ ÍÉÓÓÉÎÇ 

ɉ+ÕÍÁÍÂÁÌÁȟ ςπρπɊȢ 4ÈÅ ÎÕÍÂÅÒ ÏÆ ÍÏÎÔÈÓ ÕÓÅÄ ÔÏ ÃÁÌÃÕÌÁÔÅ ÔÈÅ ÍÏÎÔÈÌÙ ÁÖÅÒÁÇÅ ÆÏÒ 

ÅÁÃÈ ÒÉÖÅÒ ÇÁÕÇÅ ÖÁÒÉÅÄ ÆÒÏÍ ÍÏÎÔÈ ÔÏ ÍÏÎÔÈ ÄÕÅ ÔÏ ÔÈÅ ÄÁÔÁ ÇÁÐÓȢ 0ÏÔÅÎÔÉÁÌ ÒÅÁÓÏÎÓ ÆÏÒ 

ÔÈÅ ÇÁÐÓ ÁÒÅȡ ÅÒÒÏÒÓ ×ÉÔÈ ÔÈÅ ÍÅÔÈÏÄ ÕÓÅÄ ÔÏ ÃÏÌÌÅÃÔ ÔÈÅ ÄÁÔÁȠ ÅÑÕÉÐÍÅÎÔ ÆÁÉÌÕÒÅ ÁÎÄ 

ÉÓÓÕÅÓ ×ÉÔÈ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎȠ ÍÉÓÍÁÎÁÇÅÍÅÎÔ ÏÆ ÄÁÔÁȠ ÁÎÄ ÒÅÍÏÔÅÎÅÓÓ ÏÆ ÒÉÖÅÒ ÓÔÁÔÉÏÎÓ 

ÌÅÁÄÉÎÇ ÔÏ ÔÈÅ ÐÒÅÍÁÔÕÒÅ ÃÌÏÓÕÒÅ ÏÆ ÔÈÅ ÇÁÕÇÅÓ ɉ+ÕÍÁÍÂÁÌÁȟ ςπρπɊȢ 

 

!Ó ÓÏÍÅ ÒÉÖÅÒÓ ÈÁÖÅ ÍÕÌÔÉÐÌÅ ÇÁÕÇÅÓ ÐÒÅÓÅÎÔȟ ÔÈÅ ÒÉÖÅÒÓ ÓÅÌÅÃÔÅÄ ÔÏ ÃÁÌÃÕÌÁÔÅ ÔÈÅ 

ПÌÏ× ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ×ÅÒÅȡ σ%ρȟ σ%ςȟ σ%σȟ σ&σȟ τ"ρȟ υ#ρȟ υ$σȟ φ$ρπȟ χ$ψȟ χ'ρψȟ ψ!υȟ 

ω!ςȟ ω"χȟ ρυ!τȟ ρυ!ψȟ ρφ%φȟ ρφ&ς ÁÎÄ ρχ#φȢ 4ÈÅÓÅ ÇÁÕÇÅÓ ÁÒÅ ÓÅÌÅÃÔÅÄ ÁÓ ÔÈÅÙ ÁÒÅ ÔÈÅ 

ÆÕÒÔÈÅÓÔ ÄÏ×ÎÓÔÒÅÁÍȢ 4ÈÅÒÅ ÉÓ Á ÓÁÍÐÌÉÎÇ ÅÒÒÏÒ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÖÏÌÕÍÅ ÏÆ ÉÎПÌÏ× ÉÎÔÏ 

,ÁËÅ -ÁÌÁ×É ÁÓ ÎÏÔ ÁÌÌ ÒÉÖÅÒÓ ПÌÏ×ÉÎÇ ÉÎÔÏ ÔÈÅ ÌÁËÅ ÈÁÖÅ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ ÐÒÅÓÅÎÔ ÏÎ 

ÔÈÅÍȢ (Ï×ÅÖÅÒȟ ÔÈÅ ÖÏÌÕÍÅ ÏÆ ÄÉÓÃÈÁÒÇÅ ÆÒÏÍ ÔÈÅÓÅ ÒÉÖÅÒÓ ÉÓ ÐÒÅÄÉÃÔÅÄ ÔÏ ÂÅ ÓÍÁÌÌȢ .Ï 



χρ 
 

ÓÕÉÔÁÂÌÅ ÄÁÔÁ ÉÓ ÆÏÕÎÄ ÆÒÏÍ ÒÉÖÅÒÓ ПÌÏ×ÉÎÇ ÉÎÔÏ ÔÈÅ ÌÁËÅ ÖÉÁ 4ÁÎÚÁÎÉÁ ÏÒ -ÏÚÁÍÂÉÑÕÅȟ 

ÉÎÃÌÕÄÉÎÇ ПÌÏ×Ó ÆÒÏÍ ÔÈÅ 2ÕÈÕÈÕ ÁÎÄ +É×ÉÒÁȟ ÂÏÔÈ ÏÆ ×ÈÉÃÈ ÁÒÅ ÍÁÊÏÒ ÔÒÉÂÕÔÁÒÉÅÓ ÏÆ ,ÁËÅ 

-ÁÌÁ×ÉȢ  

 

4ÁÂÌÅ τ ÐÒÅÓÅÎÔÓ ÔÈÅ ÖÏÌÕÍÅ ÏÆ ÉÎПÌÏ× ÆÒÏÍ ÒÉÖÅÒÓ ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ÁÌÏÎÇÓÉÄÅ ÔÈÅ 

ÂÁÓÅПÌÏ× ÁÎÄ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÃÏÍÐÏÎÅÎÔÓȢ 4ÈÅ ÁÎÎÕÁÌ ÁÖÅÒÁÇÅ ÉÎПÌÏ× ÉÎÔÏ ÔÈÅ ,ÁËÅ ÆÒÏÍ 

ÒÉÖÅÒÓ ÉÓ συχ ÍσȾÓȟ ÏÆ ×ÈÉÃÈ φυϷ ÏÒÉÇÉÎÁÔÅÓ ÆÒÏÍ ÇÒÏÕÎÄ×ÁÔÅÒ ɉ4ÁÂÌÅ τɊȢ $ÕÒÉÎÇ ÔÈÅ ÄÒÙ 

ÓÅÁÓÏÎȟ ÉÎПÌÏ× ÆÒÏÍ ÇÒÏÕÎÄ×ÁÔÅÒ ÍÁËÅÓ ÕÐ ÃȢ ωπϷ ÏÆ ÔÈÅ ÔÏÔÁÌ ÉÎПÌÏ× ÆÒÏÍ ÒÉÖÅÒÓ ÉÎ ,ÁËÅ 

-ÁÌÁ×É ÁÎÄ ÄÅÃÒÅÁÓÅÓ ÔÏ ÃȢ υυϷ ÄÕÒÉÎÇ ÔÈÅ ×ÅÔ ÓÅÁÓÏÎ ɉ4ÁÂÌÅ τɊȢ 4ÈÉÓ ÓÈÏ×Ó ÔÈÁÔ 

ÇÒÏÕÎÄ×ÁÔÅÒ ПÌÏ× ÄÏÍÉÎÁÔÅÓ ÉÎПÌÏ× ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ÁÌÌ ÙÅÁÒ ÒÏÕÎÄ ÁÎÄ ÉÓ ÃÒÕÃÉÁÌ ÔÏ ÔÈÅ 

ÈÅÁÌÔÈ ÏÆ ÓÕÒÆÁÃÅ ×ÁÔÅÒÓȢ 

 

 

4ÁÂÌÅ ψȡ 4ÈÅ ÖÏÌÕÍÅ ÏÆ ÉÎУÌÏ× ÆÒÏÍ ÒÉÖÅÒÓ ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ÓÐÌÉÔ ÉÎÔÏ ÂÁÓÅУÌÏ× ÁÎÄ ÓÕÒÆÁÃÅ 

×ÁÔÅÒ ÃÏÍÐÏÎÅÎÔÓȢ 

 

 Baseflow (m3/s) Surface flow (m3/s) Total Discharge (m3/s) 

November 55.71 34.68 99.40 

December 157.26 126.09 283.35 

January 315.99 257.38 573.37 

February 449.01 363.04 812.05 

March 478.38 365.50 843.87 

April  384.95 262.46 647.42 

May 269.51 33.52 303.03 

June 174.52 19.94 194.46 

July 139.25 15.53 154.46 

August 113.97 12.35 126.32 

September 88.81 9.47 98.29 

October 69.54 7.29 76.83 

Annual 229.04 128.01 357.06 

 
 

 

σȢς 2ÁÉÎÆÁÌÌ  



χς 
 

 

4ÈÅ ÁÖÅÒÁÇÅ ÎÁÔÉÏÎÁÌ ÁÎÎÕÁÌ ÒÁÉÎÆÁÌÌ ÉÓ ÅÓÔÉÍÁÔÅÄ ÆÒÏÍ ÄÁÉÌÙ ÒÁÉÎÆÁÌÌ ÄÁÔÁȢ ! ÍÉÎÏÒÉÔÙ 

ÏÆ ÓÔÁÔÉÏÎÓ ÒÅÃÏÒÄÅÄ ÄÁÔÁ ÆÒÏÍ ρωτω ÔÏ ςπρφȟ ×ÉÔÈ ÔÈÅ ÍÁÊÏÒÉÔÙ ÓÔÁÒÔÉÎÇ ÔÏ ÒÅÃÏÒÄ ÉÎ 

ρωφπȟ ÔÈÅÒÅÆÏÒÅ ÔÈÅÒÅ ÉÓ Á ÓÁÍÐÌÉÎÇ ÅÒÒÏÒ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÔÈÅ ÅÁÒÌÙ ÄÁÔÁȢ 4Ï ÖÅÒÉÆÙ 

×ÈÅÔÈÅÒ ÔÈÅ ÁÎÎÕÁÌ ÁÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÓÔÉÍÁÔÅÄ ÆÒÏÍ ÒÁÉÎÆÁÌÌ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ 

ÁÃÃÕÒÁÔÅÌÙ ÒÅÐÒÅÓÅÎÔÅÄ ÁÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÃÒÏÓÓ ÔÈÅ ÅÎÔÉÒÅ ,-32" ÃÁÔÃÈÍÅÎÔȟ ÔÈÅ 

ÁÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÆÏÒ ÔÈÅ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎÓ ×ÁÓ ÃÏÍÐÁÒÅÄ ×ÉÔÈ ÁÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ 

ÆÒÏÍ ÒÅÍÏÔÅ ÓÅÎÓÉÎÇ ÅÓÔÉÍÁÔÉÏÎÓ ÆÏÒ ÔÈÅ ÂÁÓÉÎ ÆÒÏÍ ρωωψȤςπρρ ÕÓÉÎÇ ÔÈÅ +ÌÉÎÇÁȤ'ÕÐÔÁ 

%ÆПÉÃÉÅÎÃÙ ɉ+'%ɊȢ 4ÈÅ +'% ÆÏÒ ÔÈÅ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÓÔÉÍÁÔÅÓ ÁÎÄ ÒÅÍÏÔÅ 

ÓÅÎÓÉÎÇ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ×ÁÓ πȢυρωȢ 4ÈÅ ÁÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÓÔÉÍÁÔÅÓ ÆÒÏÍ ÔÈÅ ÇÁÕÇÉÎÇ 

ÓÔÁÔÉÏÎÓ ×ÅÒÅ ÔÈÅÒÅÆÏÒÅ ÄÅÅÍÅÄ ÔÏ ÐÒÏÖÉÄÅ Á ÓÕÉÔÁÂÌÅ ÁÐÐÒÏØÉÍÁÔÉÏÎ ÏÆ ÁÖÅÒÁÇÅ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÃÒÏÓÓ ÔÈÅ ,-32"Ȣ  

 

σȢς ,ÁËÅ ,ÅÖÅÌ ÃÈÁÎÇÅ 

 

&ÉÇÕÒÅ τ ÓÈÏ×Ó ÔÈÅ ÃÈÁÎÇÅ ÉÎ ÌÁËÅ ÌÅÖÅÌ ɉ×ÉÔÈ ÔÈÅ ÔÒÅÎÄ ÉÎ ÌÁËÅ ÌÅÖÅÌ ÓÈÏ×ÎɊ ÁÌÏÎÇÓÉÄÅ 

ÓÏÌÁÒ ÉÒÒÁÄÉÁÎÃÅ ÁÎÄ ÔÈÅ ÓÏÕÔÈÅÒÎ ÏÓÃÉÌÌÁÔÉÏÎ ÉÎÄÅØ ÖÁÌÕÅÓȢ 6ÉÓÕÁÌ ÉÎÓÐÅÃÔÉÏÎ ÓÕÇÇÅÓÔÓ 

ÓÏÍÅ ÓÉÍÉÌÁÒ ÓÅÁÓÏÎÁÌÉÔÙ ÂÅÔ×ÅÅÎ ÉÒÒÁÄÉÁÎÃÅ ÁÎÄ 3/)ȟ ÁÎÄ ,ÁËÅ ,ÅÖÅÌȢ  

 



χσ 
 

 

&ÉÇÕÒÅ ψȡ 3ÏÌÁÒ ÉÒÒÁÄÉÁÎÃÅ ɉ7ȾÍφɊȟ ,ÁËÅ ,ÅÖÅÌ ɉÍɊȟ ÁÎÄ 3ÏÕÔÈÅÒÎ /ÓÃÉÌÌÁÔÉÏÎ )ÎÄÅØ ɉ3/)ɊȢ 

 

&ÉÇÕÒÅ υ ÓÈÏ×Ó ÔÈÅ ÖÁÒÉÁÔÉÏÎ ÉÎ ,ÁËÅ ,ÅÖÅÌ ×ÉÔÈ ÌÏÃÁÌ ÐÏÌÙÎÏÍÉÁÌ ÒÅÇÒÅÓÓÉÏÎ ÍÏÄÅÌÓ 

ɉÌÏÅÓÓɊ ÁÔ ÖÁÒÙÉÎÇ ÄÅÇÒÅÅÓ ÏÆ ÓÍÏÏÔÈÉÎÇȢ 4ÈÅ ÈÉÇÈÅÓÔ ÌÅÖÅÌ ÏÆ ÓÍÏÏÔÈÉÎÇ ɉПÉÔÔÉÎÇ Á 

ÓÍÏÏÔÈÉÎÇ ÐÁÒÁÍÅÔÅÒ ÏÆ πȢπρɊ ×ÁÓ ÓÅÌÅÃÔÅÄ ÁÓ ÐÒÏÖÉÄÉÎÇ ÔÈÅ ÂÅÓÔ ПÉÔ ÔÏ ,ÁËÅ ,ÅÖÅÌ 

#ÈÁÎÇÅȢ   

 



χτ 
 

 

&ÉÇÕÒÅ ωȡ ,ÁËÅ ÌÅÖÅÌ ×ÉÔÈ ÐÏÌÙÎÏÍÉÁÌ ÒÅÇÒÅÓÓÉÏÎ ÍÏÄÅÌÓ ÁÔ ÄÉÆÆÅÒÅÎÔ ÄÅÇÒÅÅÓ ÏÆ ÓÍÏÏÔÈÉÎÇȢ 

 

σȢσ 2ÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ  

4ÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ ÉÓ ÓÈÏ×Î ÉÎ &ÉÇÕÒÅ φÁ ×ÉÔÈ ÔÈÅ ÁÎÎÕÁÌ ÍÏÖÉÎÇ ÁÖÅÒÁÇÅ 

ÏÆ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ÁÌÓÏ ÒÅÐÒÅÓÅÎÔÅÄȢ 4ÈÅ ÁÕÇÍÅÎÔÅÄ $ÉÃËÅÙȤ&ÕÌÌÅÒ ÔÅÓÔ ×ÁÓ ÕÓÅÄ ÔÏ 

ÃÈÅÃË ÆÏÒ ÓÔÁÔÉÏÎÁÒÉÔÙ ÃÏÎПÉÒÍÉÎÇ ÔÈÁÔ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÍÅÔ ÔÈÅ ÓÔÁÔÉÏÎÁÒÉÔÙ 

ÁÓÓÕÍÐÔÉÏÎ ɉÐ ÖÁÌÕÅ πȢπρɊȢ  

 

!ÎÎÕÁÌ ÔÒÅÎÄÓ ÉÎ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÁÒÅ ÓÈÏ×Î ÉÎ ПÉÇÕÒÅ φÂ ×ÉÔÈ ÔÈÅ ÒÁÔÅ ÏÆ 

ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÃÁÌÃÕÌÁÔÅÄ ÆÏÒ ÅÁÃÈ ÍÏÎÔÈ ÓÈÏ×ÎȢ $ÕÒÉÎÇ ÔÈÅ ÒÁÉÎÙ ÓÅÁÓÏÎ 

ɉ.ÏÖÅÍÂÅÒ ÔÏ !ÐÒÉÌɊ ÔÈÅÒÅ ×ÁÓ Á ÐÏÓÉÔÉÖÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌȟ ÉÎÄÉÃÁÔÉÎÇ ÁÎ 

ÉÎÃÒÅÁÓÉÎÇ ÌÁËÅ ÌÅÖÅÌȢ $ÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ɉ-ÁÙ ÔÏ /ÃÔÏÂÅÒɊȟ ÔÈÅÒÅ ×ÁÓ Á ÎÅÇÁÔÉÖÅ ÒÁÔÅ 

ÏÆ ÃÈÁÎÇÅ ÉÎ ÌÁËÅ ÌÅÖÅÌȢ 4ÈÅÒÅ ×ÁÓ ÇÒÅÁÔÅÓÔ ÖÁÒÉÁÎÃÅ ÉÎ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ 

ÄÕÒÉÎÇ ÔÈÅ ÒÁÉÎÙ ÓÅÁÓÏÎ ×ÉÔÈ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ÈÁÖÉÎÇ ÌÅÓÓ ÖÁÒÉÁÔÉÏÎ ÁÎÄ ÔÈÅ ÌÅÁÓÔ ÖÁÒÉÁÎÃÅ 

ÉÎ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÉÎ ÔÈÅ ÍÏÎÔÈ ÏÆ !ÕÇÕÓÔȢ 

 



χυ 
 

 

&ÉÇÕÒÅ ϊȡ 2ÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌȢ !Ɋ 4ÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ×ÉÔÈ ÙÅÁÒÌÙ ÍÏÖÉÎÇ 

ÁÖÅÒÁÇÅ ÏÆ ÔÈÅ ÃÈÁÎÇÅ ÉÎ ÌÁËÅ ÌÅÖÅÌȢ "Ɋ ÔÈÅ ÁÖÅÒÁÇÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÆÏÒ Á ÇÉÖÅÎ ÍÏÎÔÈȢ 

4ÈÅÒÅ ×ÁÓ ÌÉÔÔÌÅ ÖÁÒÉÔÁÉÔÏÎ ÉÎ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÉÎ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ɉ-ÁÙȤ/ÃÔÏÂÅÒɊȢ  

 

σȢσ 0ÅÒÉÏÄÉÃÉÔÙ ÏÆ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ 

 

4Ï ÆÕÒÔÈÅÒ ÉÎÖÅÓÔÉÇÁÔÅ ÔÈÅ ÉÎÔÅÒÁÎÎÕÁÌ ÖÁÒÉÁÔÉÏÎ ÉÎ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ 

ÓÅÁÓÏÎÁÌ ÄÅÃÏÍÐÏÓÉÔÉÏÎ ×ÁÓ ÕÓÅÄ ÏÎ ÔÈÅ ÍÏÖÉÎÇ ÁÎÎÕÁÌ ÁÖÅÒÁÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÄÅÃÌÉÎÅȟ 

ПÉÇÕÒÅ χȢ 3ÅÁÓÏÎÁÌ ÄÅÃÏÍÐÏÓÉÔÉÏÎ ÂÙ ÌÏÅÓÓ ÒÅÖÅÁÌÓ ÐÅÒÉÏÄÉÃ ȬÓÅÁÓÏÎÁÌÉÔÙȭ ÏÆ ͯσȤυ ÙÅÁÒÓȢ 



χφ 
 

7Å ÐÒÏÐÏÓÅ ÔÈÁÔ ÔÈÅ ÒÅÇÕÌÁÒ ȬÓÅÁÓÏÎÁÌÉÔÙȭ ÏÂÓÅÒÖÅÄ ÉÓ ×ÉÔÈ ÕÎÄÅÒÌÙÉÎÇ ×ÉÔÈ ÕÎÄÅÒÌÙÉÎÇ 

ρπɀςπȤÙÅÁÒ ÔÒÅÎÄÓ ÁÎÄ ÐÁÔÔÅÒÎÓ ÉÎ ÌÁËÅ ÌÅÖÅÌ ÄÅÃÌÉÎÅȢ  

 

 

 

&ÉÇÕÒÅ ϋȡ 3ÅÁÓÏÎÁÌ ÄÅÃÏÍÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ ÐÌÏÔÔÅÄ ÁÌÏÎÇÓÉÄÅ 

3/)Ȣ 4ÈÅÒÅ ÉÓ ÁÎ ÁÎÎÕÁÌ ÓÅÁÓÏÎÁÌ ÃÏÍÐÏÎÅÎÔ ÁÓ ×ÅÌÌ ÁÓ Á ÄÅÃÏÍÐÏÓÅÄ ÔÒÅÎÄȟ ÐÁÔÔÅÒÎÓ ÉÎ ÔÈÅ 

ÄÅÃÏÍÐÏÓÅÄ ÔÒÅÎÄ ÁÎÄ 3/)ȟ ÁÎÄ ÈÏ× ÔÈÅÙ ÃÏÎÎÅÃÔ ×ÉÔÈ ÔÈÅ ÁÎÎÕÁÌ ÍÏÖÉÎÇ ÁÖÅÒÁÇÅ ÏÆ ÔÈÅ 

ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ÌÅÖÅÌȟ ÁÒÅ ÅÍÐÈÁÓÉÚÅÄ ÂÙ ÄÁÓÈÅÄ ÌÉÎÅÓȢ 

 



χχ 
 

&ÏÕÒÉÅÒ ÔÒÁÎÓÆÏÒÍÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÅØÔÒÁÃÔ ÓÉÇÎÉПÉÃÁÎÔ ÆÒÅÑÕÅÎÃÉÅÓ ÉÎ ÌÁËÅ ÌÅÖÅÌ 

ÄÙÎÁ-)#3Ȣ 4ÈÅ ÐÅÒÉÏÄÉÃÉÔÙ ÏÆ ÃÈÁÎÇÅ ÉÎ ÌÁËÅ ÌÅÖÅÌ ÉÓ ÄÏÍÉÎÁÔÅÄ ÂÙ ÓÈÏÒÔ ÐÅÒÉÏÄÓ ×ÈÉÃÈ 

×Å ÓÕÇÇÅÓÔ ÁÒÅ ÌÁÒÇÅÌÙ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÌÁËÅȾ ÒÉÖÅÒ ÏÕÔПÌÏ×Ó ÒÅÇÕÌÁÔÅÄ ÂÙ ÔÈÅ +ÁÍÕÚÕ 

ÂÁÒÒÁÇÅȢ 4ÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÉÓ ÄÏÍÉÎÁÔÅÄ ÂÙ ÌÏÎÇÅÒ ÃÈÁÎÇÅÓ ×ÈÉÃÈ ×Å ÓÕÇÇÅÓÔ ÁÌÉÇÎ ×ÉÔÈ 

ÌÏÎÇÅÒ ÐÁÔÔÅÒÎÓ ÏÆ ÃÈÁÎÇÅ ÉÎ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÎÄ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎȢ 4ÈÅ ÒÅÓÕÌÔÓ ÁÒÅ 

ÓÈÏ×Î ÉÎ 4ÁÂÌÅ υȢ 

  

4ÈÅ ÏÂÓÅÒÖÅÄ ρρ ÙÅÁÒ ÃÙÃÌÅ ÉÎ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅȾ ÓÌÏÐÅȟ ÁÌÉÇÎÓ ×ÉÔÈ ρρ ÙÅÁÒ ÃÙÃÌÅÓ ÉÎ 

ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÁÎÄ ÐÒÅÃÉÐÉÔÁÔÉÏÎȟ ÃÏÉÎÃÉÄÉÎÇ ×ÉÔÈ ÓÏÌÁÒ ÃÙÃÌÅȢ 4ÈÉÓ ÉÓ ÁÌÓÏ ÔÈÅ ÃÁÓÅ 

ÆÏÒ ÔÈÅ φ ÙÅÁÒ ÐÅÒÉÏÄÉÃÉÔÙ ÏÂÓÅÒÖÅÄ ÉÎ ,ÁËÅ -ÁÌÁ×É ÓÔÏÒÁÇÅȢ 4ÈÅ σ ÁÎÄ υ ÙÅÁÒ ÃÈÁÎÇÅÓ ÉÎ 

ÓÌÏÐÅ ÁÐÐÅÁÒ ÔÏ ÂÅ ÌÉÎËÅÄ ÔÏ ÐÅÒÉÏÄÉÃ %.3/ ÃÙÃÌÅÓ ɉÒÏÕÎÄÅÄ ÔÏ ÎÅÁÒÅÓÔ ÍÏÎÔÈ ÏÒ ÙÅÁÒɊȢ 

 

4ÁÂÌÅ ωȡ &ÏÕÒÉÅÒ ÔÒÁÎÓÆÏÒÍÓ ÏÆ ÐÁÔÔÅÒÎÓ ÏÆ ÐÒÅÃÉÐÉÔÁÔÉÏÎȟ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎȟ ÒÉÖÅÒȾÌÁËÅ ÏÕÔУÌÏ×Óȟ 

ÌÁËÅ ÌÅÖÅÌȟ ÁÎÄ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ÌÅÖÅÌȢ &ÒÅÑÕÅÎÃÉÅÓ ÁÒÅ ÏÒÄÅÒÅÄ ÂÙ ÓÉÇÎУÉÃÁÎÃÅȢ &ÒÅÑÕÅÎÃÉÅÓ 

ÁÒÅ ÒÏÕÎÄÅÄ ÔÏ ÔÈÅ ÎÅÁÒÅÓÔ ÍÏÎÔÈ ÏÒ ÙÅÁÒȢ  

 -ÏÓÔ ÓÉÇÎÉПÉÃÁÎÔ ÆÒÅÑÕÅÎÃÙ ɉÔÏ ÎÅÁÒÅÓÔ ÍÏÎÔÈ ÏÒ ÙÅÁÒɊ 

 ρÓÔ ςÎÄ σÒÄ τÔÈ υÔÈ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ ɉÇÁÕÇÉÎÇ 

ÓÔÁÔÉÏÎÓɊ 

ρ ÍÏÎÔÈ υ ÙÅÁÒÓ ρπ ÙÅÁÒÓ ςπ ÙÅÁÒÓ ρυ ÙÅÁÒÓ 

%ÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ρ ÍÏÎÔÈ φ ÙÅÁÒÓ ρφ ÙÅÁÒÓ ρρ ÙÅÁÒÓ υ ÙÅÁÒÓ 

2ÉÖÅÒȾ ÌÁËÅ ÏÕÔПÌÏ×Ó ρ ÍÏÎÔÈ φ ÍÏÎÔÈÓ υ ÍÏÎÔÈÓ ς ÍÏÎÔÈÓ σ ÍÏÎÔÈÓ 

,ÁËÅ ÌÅÖÅÌ ρ ÍÏÎÔÈ ς ÍÏÎÔÈÓ σ ÍÏÎÔÈÓ τ ÍÏÎÔÈÓ φ ÍÏÎÔÈÓ 

2ÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ÌÅÖÅÌ φ ÙÅÁÒÓ ρρ ÙÅÁÒÓ υ ÙÅÁÒÓ σ ÙÅÁÒÓ ρ ÙÅÁÒ 

 

σȢτ $ÒÉÖÅÒÓ ÏÆ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ 



χψ 
 

,ÉÎÅÁÒ ÍÏÄÅÌÌÉÎÇ ×ÁÓ ÕÓÅÄ ÔÏ ÉÄÅÎÔÉÆÙ ÒÅÌÁÔÉÏÎÓÈÉÐÓ ÂÅÔ×ÅÅÎ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ 

ÌÅÖÅÌ ÁÎÄ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ σ ÍÏÎÔÈÓ ÁÎÄ ÙÅÁÒ ÐÒÉÏÒ ÔÏ ÔÈÅ ÍÏÎÔÈ ÉÎÖÅÓÔÉÇÁÔÅÄ ÁÓ ×ÅÌÌ 

ÁÓ ÁÖÅÒÁÇÅ ÁÎÎÕÁÌ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ×ÉÔÈ ÏÆ ÙÅÁÒÓ ÕÐ ÔÏ ρυ ÙÅÁÒÓ ÐÒÉÏÒȟ 4ÁÂÌÅ φȢ 4ÈÅÒÅ ×ÁÓ 

ÈÉÇÈ ÍÕÌÔÉÃÏÌÌÉÎÅÁÒÉÔÙ ÂÅÔ×ÅÅÎ ÐÒÅÃÉÐÉÔÁÔÉÏÎ φ ÍÏÎÔÈÓ ÐÒÉÏÒ ÔÏ ÔÈÅ ÍÏÎÔÈ ÉÎ ÑÕÅÓÔÉÏÎȟ ÁÓ 

Á ÒÅÓÕÌÔ ÔÈÉÓ ×ÁÓ ÒÅÍÏÖÅÄȢ !ÌÌ ÏÔÈÅÒ ÁÓÓÕÍÐÔÉÏÎÓȟ ÉÎÃÌÕÄÉÎÇ ÍÕÌÔÉÃÏÌÌÉÎÅÁÒÉÔÙȟ ×ÅÒÅ ÍÅÔ 

ÁÎÄ ÁÒÅ ÓÕÍÍÁÒÉÓÅÄ ÉÎ ÔÈÅ !ÐÐÅÎÄÉØ %Ȣ 

 

4ÈÅÒÅ ÉÓ ÓÉÇÎÉПÉÃÁÎÔ ÉÎПÌÕÅÎÃÅ ÏÆ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ σ ÍÏÎÔÈÓ ÐÒÉÏÒ ÔÏ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ 

ÌÁËÅ ÌÅÖÅÌ ÉÎ ÔÈÅ ÍÏÎÔÈ ÏÆ ÉÎÔÅÒÅÓÔ ÆÏÒ υ ÏÆ ÔÈÅ ρς ÍÏÎÔÈÓȟ ÍÏÎÔÈÓ ÉÎ ×ÈÉÃÈ ÔÈÅ σ 

ÐÒÅÖÉÏÕÓ ÍÏÎÔÈÓ ÏÆ ÒÁÉÎÆÁÌÌ ×ÅÒÅ ×ÉÔÈÉÎ ÏÒ ÁÒÏÕÎÄ ÔÈÅ ÒÁÉÎÙ ÓÅÁÓÏÎ ×ÅÒÅ ÍÏÓÔÌÙ 

ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ σ ÍÏÎÔÈÓȢ 4ÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÌÁËÅ ÌÅÖÅÌ ÄÕÒÉÎÇ -ÁÙ 

ÁÎÄ *ÕÎÅ ɉÅÎÄ ÏÆ ÔÈÅ ÒÁÉÎÙ ÓÅÁÓÏÎɊ ×ÁÓ ÁÌÓÏ ÓÉÇÎÉПÉÃÁÎÔÌÙ ɉÐÏÓÉÔÉÖÅÌÙɊ ÉÎПÌÕÅÎÃÅÄ ÂÙ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ ÙÅÁÒ ÐÒÅÃÅÄÉÎÇ ÔÈÅ ÍÅÁÓÕÒÅÍÅÎÔȢ 4ÈÅ ×ÅÔ ÓÅÁÓÏÎ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ 

ÌÁËÅ ÌÅÖÅÌ ×ÁÓ ÍÏÓÔÌÙ ÎÏÔ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ×ÉÔÈ Á ÌÁÇȢ 4ÈÅÒÅ ×ÁÓ Á ÎÅÇÁÔÉÖÅ 

ÃÏÒÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÈÅ ÒÁÔÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ÉÎ -ÁÒÃÈ ɉÍÉÄÄÌÅ ÏÆ ÔÈÅ ×ÅÔ ÓÅÁÓÏÎɊ 

ÁÎÄ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ×ÉÔÈ Á ρτ ÙÅÁÒ ÌÁÇȢ )Î ÇÅÎÅÒÁÌ ÔÈÅ ÒÁÔÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ÄÕÒÉÎÇ ÔÈÅ 

ÒÁÉÎÙ ÓÅÁÓÏÎ ×ÁÓ ÍÏÓÔÌÙ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ ÓÁÍÅ ÙÅÁÒ ÁÎÄ ×ÁÓ ÎÏÔ 

ÓÉÇÎÉПÉÃÁÎÔÌÙ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÒÅÖÉÏÕÓ ÙÅÁÒÓ ÐÒÅÃÉÐÉÔÁÔÉÏÎȢ 

 

#ÏÎÖÅÒÓÅÌÙȟ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ɉ!ÕÇÕÓÔ ÔÏ /ÃÔÏÂÅÒɊ 

×ÁÓ ÎÏÔ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ ÙÅÁÒ ÏÆ ÉÎÔÅÒÅÓÔ ɉÆÏÒ σ ÍÏÎÔÈÓ ÏÒ ρς ÍÏÎÔÈÓɊȢ 

(Ï×ÅÖÅÒȟ ÔÈÅ ÒÁÔÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÄÅÃÌÉÎÅ ×ÁÓ ÓÔÒÏÎÇÌÙ ɉÎÅÇÁÔÉÖÅÌÙɊ ÉÎПÌÕÅÎÃÅÄ ÂÙ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÐÒÅÃÅÄÉÎÇ ÙÅÁÒÓ ×ÉÔÈ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ρȟ τȟυȟ χȟ ρπȟρς ÁÎÄ ρτ ÙÅÁÒÓ ÐÒÉÏÒ 

ÔÏ ÔÈÅ ÁÎÁÌÙÓÅÄ ,ÁËÅ ,ÅÖÅÌ ÁÌÌ ÓÉÇÎÉПÉÃÁÎÔ ÔÏ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ,ÅÖÅÌȢ !ÌÌ 

ÐÒÅÃÅÄÉÎÇ ÙÅÁÒÓ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÖÅÎÔÓ ÈÁÄ Á ÎÅÇÁÔÉÖÅ ÃÏÒÒÅÌÁÔÉÏÎ ×ÉÔÈ ,ÁËÅ ,ÅÖÅÌ ÃÈÁÎÇÅȠ 

×ÈÅÎ ÔÈÅÒÅ ×ÁÓ ÈÉÇÈ ÒÁÉÎÆÁÌÌ ÉÎ ÐÒÅÖÉÏÕÓ ÙÅÁÒÓ ÌÅÁÄÉÎÇ ÕÐ ÔÏ ÔÈÅ ÙÅÁÒ ÏÆ ÉÎÔÅÒÅÓÔȟ ÔÈÅ ÒÁÔÅ 

ÏÆ ÄÅÃÌÉÎÅ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȭÓ ÓÔÏÒÁÇÅ ×ÁÓ ÒÅÄÕÃÅÄȢ  



χω 
 

 

4ÁÂÌÅ ϊȡ )ÎУÌÕÅÎÃÅ ÏÆ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÌÅÖÅÌ ÉÎ χ ÁÎÄ υφ ÍÏÎÔÈÓ ÐÒÉÏÒ ÔÏ ÍÏÎÔÈ ÏÆ ÉÎÔÅÒÅÓÔ ÏÆ ÌÁËÅ ÌÅÖÅÌ 

ÃÈÁÎÇÅ ÁÎÄ ÁÖÅÒÁÇÅ ÁÎÎÕÁÌ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÙÅÁÒÓ ÐÒÉÏÒ ÔÏ ÍÏÎÔÈ ÏÆ ÉÎÔÅÒÅÓÔ ×ÉÔÈ ÌÁÇ ÏÆ υȤυω ÙÅÁÒÓȢ  

2ÁÉÎ 

ÐÁÔÔÅÒÎ ÉÎ 

σ ÍÏÎÔÈÓ 

ÐÒÉÏÒ 

-ÏÎÔÈ 

ÏÆ ÌÁËÅ 

ÌÅÖÅÌ 

ÃÈÁÎÇÅ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ 

ÍÏÎÔÈ ÐÒÉÏÒ 

ρςȤÍÏÎÔÈ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ×ÉÔÈ ÌÁÇ ÙÅÁÒ 

σ ρς ρ ς σ τ υ φ χ ψ ω ρπ ρρ ρς ρσ ρτ ρυ 

4ÒÁÎÓÉÔÉÏÎ *ÁÎ Ϲ          Ϲ Ȥ  Ϲ    

2ÁÉÎÙ &ÅÂ                  

2ÁÉÎÙ -ÁÒ Ϲ               Ȥ  

2ÁÉÎÙ !ÐÒ                  

2ÁÉÎÙ -ÁÙ Ϲ Ϲ                

4ÒÁÎÓÉÔÉÏÎ *ÕÎ Ϲ Ϲ             Ϲ   

4ÒÁÎÓÉÔÉÏÎ *ÕÌ   Ȥ Ȥ              

$ÒÙ !ÕÇ   Ȥ      Ȥ         

$ÒÙ 3ÅÐ      Ȥ Ȥ     Ȥ    Ȥ  

$ÒÙ /ÃÔ              Ȥ  Ȥ  

4ÒÁÎÓÉÔÉÏÎ .ÏÖ Ϲ               Ȥ  

4ÒÁÎÓÉÔÉÏÎ $ÅÃ                  

 

 

 

!ÎÁÌÙÓÉÓ ÏÆ ÓÔÁÂÌÅ ÉÓÏÔÏÐÅÓ ×ÁÓ ÁÌÓÏ ÃÏÎÄÕÃÔÅÄ ÔÏ ÅØÐÌÏÒÅ ÔÈÅ ÄÒÉÖÅÒÓ ÏÆ ÃÈÁÎÇÅ ÉÎ ,ÁËÅ 

-ÁÌÁ×É ÓÔÏÒÁÇÅȢ ,ÁËÅ -ÁÌÁ×É ×ÁÔÅÒ ÓÁÍÐÌÅÓ ÈÁÄ ÈÉÇÈÅÒ ÐÅÒÃÅÎÔÁÇÅ ÍÁËÅ ÕÐ ÏÆ ʎρψ/ ÁÎÄ 

ʎς( ÓÈÏ×ÉÎÇ ÍÏÒÅ ÓÉÍÉÌÁÒ ÉÓÏÔÏÐÅ ÓÉÇÎÁÔÕÒÅÓ ÔÏ ÇÒÏÕÎÄ×ÁÔÅÒ ÔÈÁÎ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÎÄ 



ψπ 
 

ÓÕÇÇÅÓÔÉÎÇ ÔÈÁÔ ÓÔÏÒÁÇÅ ÉÎ ,ÁËÅ -ÁÌÁ×É ÉÓ ÄÏÍÉÎÁÔÅÄ ÂÙ ÇÒÏÕÎÄ×ÁÔÅÒ ÄÅÒÉÖÅÄ ÓÏÕÒÃÅÓ ÏÆ 

×ÁÔÅÒȢ 

 

ɍ4Ï ÂÅ ÃÏÍÐÌÅÔÅÄ ÁÆÔÅÒ ÐÕÂÌÉÃÁÔÉÏÎ ÏÆ "ÁÎÄÁ ÅÔ ÁÌ ςπςτ ÐÁÐÅÒ ÉÎ 2ÅÖÉÓÉÏÎɎ 

 

&ÉÇÕÒÅ ύȢ  3ÔÁÂÌÅ )ÓÏÔÏÐÅÓ ÏÆ 0ÒÅÃÉÐÉÔÁÔÉÏÎȟ 'ÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ,ÁËÅ -ÁÌÁ×É 7ÁÔÅÒ ɍ!ÆÔÅÒ 

"ÁÎÄÁ ÅÔ ÁÌ φτφψɎ 

υȢ $ÉÓÃÕÓÓÉÏÎ 

υȢρ 2ÉÖÅÒ &ÌÏ× ÁÎÄ "ÁÓÅПÌÏ×  

!ÎÁÌÙÓÉÓ ÏÆ ÍÏÎÔÈÌÙ ÁÖÅÒÁÇÅ ПÌÏ×Ó ÁÎÄ ÁÎÎÕÁÌ ПÌÏ×Ó ÓÈÏ×Ó ÔÈÁÔ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÃÏÎÔÒÉÂÕÔÅÓ ÓÕÂÓÔÁÎÔÉÁÌ ÖÏÌÕÍÅÓ ÔÏ ÔÏÔÁÌ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅȢ "&) ÔÒÅÎÄÓ ÖÁÒÙ ÆÏÒ ÄÉÆÆÅÒÅÎÔ 

ÒÉÖÅÒ ÓÙÓÔÅÍÓ ×ÉÔÈÉÎ -ÁÌÁ×ÉȢ )Î 72! ρȟ ÔÈÅ ÒÉÖÅÒ ÓÔÁÔÉÏÎÓ ÏÎ ÔÈÅ 3ÈÉÒÅȟ ÁÌÌ ÈÁÖÅ "&)ȭÓ ÏÆ 

πȢω ÏÒ ÇÒÅÁÔÅÒȟ ÓÕÇÇÅÓÔÉÎÇ ÔÈÁÔ ÔÈÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÎ ÔÈÅ ÁÑÕÉÆÅÒÓ ÔÈÁÔ ÉÔ ПÌÏ×Ó ÏÖÅÒ 

ÉÓ ÖÅÒÙ ÈÉÇÈȢ 4ÈÅ ,ÉÎÔÈÉÐÅȭÓ "&) ÄÅÃÒÅÁÓÅÓ ÁÔ ÓÔÁÔÉÏÎ τ#ρρȟ ×ÈÅÒÅ ÔÈÅ ÒÉÖÅÒ ÇÏÅÓ ÆÒÏÍ 



ψρ 
 

ПÌÏ×ÉÎÇ ÏÖÅÒ ×ÅÁÔÈÅÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ÔÏ ÆÒÁÃÔÕÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓȢ (Ï×ÅÖÅÒȟ ÉÔ 

ÉÎÃÒÅÁÓÅÓ ÆÕÒÔÈÅÒ ÄÏ×ÎÓÔÒÅÁÍȢ 4ÈÉÓ ÓÕÇÇÅÓÔÓ ÔÈÁÔ ÔÈÅ ×ÅÁÔÈÅÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ÈÁÖÅ 

ÓÌÉÇÈÔÌÙ ÈÉÇÈÅÒ ÓÔÏÒÁÇÅ ÔÈÁÎ ÔÈÅ ÆÒÁÃÔÕÒÅÄȢ !Ó ÔÈÅÓÅ ÁÑÕÉÆÅÒÓ ÁÒÅ ÒÅÌÁÔÉÖÅÌÙ ÓÍÁÌÌ ÁÎÄ 

ÄÉÓÃÏÎÔÉÎÕÏÕÓȟ ÔÈÅ ÒÉÖÅÒ ÌÉËÅÌÙ ПÌÏ×Ó ÏÖÅÒ ÍÕÌÔÉÐÌÅ ÁÑÕÉÆÅÒÓȢ 4ÈÅ ÒÉÖÅÒÓ ÉÎ 72! υȟ φȟ χȟ ω 

ÁÎÄ ρτ ÁÌÓÏ ПÌÏ× ÏÖÅÒ ÆÒÁÃÔÕÒÅÄ ÁÑÕÉÆÅÒÓ ÂÕÔ ÔÈÅ "&) ÖÁÒÉÅÓ ÆÒÏÍ πȢςψ ÔÏ πȢψχ ÉÎÄÉÃÁÔÉÎÇ 

ÔÈÅÒÅ ÉÓ Á ÈÅÔÅÒÏÇÅÎÅÏÕÓ ÎÁÔÕÒÅ ×ÉÔÈÉÎ ÔÈÅ ÆÒÁÃÔÕÒÅÄ ÁÑÕÉÆÅÒÓȢ #ÈÁÎÇÅ ÉÎ "&) ×ÉÌÌ ÁÌÓÏ ÂÅ 

ÄÕÅ ÔÏ ÄÉÆÆÅÒÅÎÔ ÌÁÎÄ ÕÓÅÓ ÁÎÄ ÁÂÓÔÒÁÃÔÉÏÎ ÒÁÔÅÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÎ ÄÉÆÆÅÒÅÎÔ 72!ÓȢ !Î 

ÉÎÃÒÅÁÓÅ ÉÎ "&) ÄÏ×ÎÓÔÒÅÁÍ ÉÎÄÉÃÁÔÅÓ ÔÈÁÔ ÔÈÅÒÅ ÉÓ Á ÄÅÃÒÅÁÓÅ ÉÎ ÔÈÅ ÖÏÌÕÍÅ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÁÂÓÔÒÁÃÔÅÄ ×ÈÉÌÅ Á ÄÅÃÒÅÁÓÉÎÇ ÔÒÅÎÄ ÉÓ ÉÎÄÉÃÁÔÉÖÅ ÏÆ ÈÉÇÈÅÒ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÁÂÓÔÒÁÃÔÉÏÎ ÒÁÔÅÓȢ "&) ÖÁÌÕÅÓ ÆÏÒ ÒÉÖÅÒÓ ÓÕÃÈ ÁÓ ÔÈÅ 3ÏÎÇ×Å ÁÎÄ ÒÉÖÅÒÓ ×ÉÔÈÉÎ 72! ρτ 

×ÉÌÌ ÁÌÓÏ ÄÅÐÅÎÄ ÏÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÕÓÅÓ ×ÉÔÈÉÎ 4ÁÎÚÁÎÉÁȢ  

4ÈÅ ÈÙÄÒÏÇÒÁÐÈÓ ÆÏÒ 72!Ó ςȟ τȟ φȟ ρρȟ ρτ ÁÎÄ ρυ ÓÈÏ× ÔÈÁÔ ÂÁÓÅПÌÏ× ÉÎ ÔÈÅÓÅ ÒÅÇÉÏÎÓ ÉÓ 

ÌÅÓÓ ÓÕÂÓÔÁÎÔÉÁÌ ÔÈÁÎ ÅÌÓÅ×ÈÅÒÅ ÉÎ -ÁÌÁ×É ɉ!ÐÐÅÎÄÉØ $ɊȢ 4ÈÉÓ ÓÕÇÇÅÓÔÓ ÔÈÁÔ ÔÈÅ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÓ ÌÏ×ÅÒ ÉÎ ÔÈÅÓÅ ÒÅÇÉÏÎÓ ÃÏÍÐÁÒÅÄ ÔÏ ÅÌÓÅ×ÈÅÒÅ ÉÎ -ÁÌÁ×ÉȢ +ÅÌÌÙ 

ÅÔ ÁÌ ɉςπςπɊ ÅÓÔÉÍÁÔÅÓ ÔÈÁÔ ÔÈÅ ÁÎÎÕÁÌ ÁÖÅÒÁÇÅ "&) ÆÏÒ ÔÈÅÓÅ ÒÅÇÉÏÎÓ ÁÒÅȡ πȢτφȟ πȢτωȟ πȢσχȟ 

πȢτυȟ πȢσω ÁÎÄ πȢσσ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 4ÈÅ ÁÑÕÉÆÅÒ ÔÙÐÅÓ ÄÏ ÎÏÔ ÓÉÇÎÉПÉÃÁÎÔÌÙ ÃÈÁÎÇÅ ÂÅÔ×ÅÅÎ 

ÔÈÅÓÅ 72!ȭÓ ÁÎÄ ÏÔÈÅÒ ÒÅÇÉÏÎÓ ÉÎ -ÁÌÁ×ÉȢ 2ÏÂÉÎÓ ÅÔ ÁÌ ɉςπρσɊȟ ÃÁÌÃÕÌÁÔÅÄ ÔÈÅ ÁÖÁÉÌÁÂÌÅ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÁÎÄ ÔÈÅ ÖÏÌÕÍÅ ÁÂÓÔÒÁÃÔÅÄ ÁÎÄ ÆÏÕÎÄ ÔÈÁÔ ÉÎ 72!ȭÓ τȟ υȟ ρρ ÁÎÄ 

ρτ ÔÈÅÒÅ ×ÁÓ ÁÎ ÏÖÅÒÁÌÌ ÎÅÇÁÔÉÖÅÌÙ ÂÁÌÁÎÃÅ ÉÎ ÔÈÅ ÆÒÁÃÔÕÒÅÄ ɉ72! τȟ υȟ ρρ ÁÎÄ ρτɊ ÁÎÄ 

×ÅÁÔÈÅÒÅÄ ɉ72! τ ÁÎÄ υɊ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓȟ ÓÕÇÇÅÓÔÉÎÇ ÔÈÁÔ ÔÈÅ ÁÂÓÔÒÁÃÔÉÏÎ ÒÁÔÅ ÉÎ 

ÔÈÅÓÅ ÒÅÇÉÏÎÓ ÉÓ ÕÎÓÔÁÉÎÁÂÌÅ ÁÎÄ ÉÓ ÔÈÅ ÃÁÕÓÅ ÏÆ ÔÈÅ ÌÏ×ÅÒ ÂÁÓÅПÌÏ× ÉÎ ÔÈÅÓÅ ÁÒÅÁÓȢ 

(Ï×ÅÖÅÒȟ +ÅÌÌÙ ÅÔ ÁÌ ɉςπςπɊ ÃÁÌÃÕÌÁÔÅÄ ÔÈÅ ÁÖÅÒÁÇÅ ÁÎÎÕÁÌ "&) ÆÏÒ 72! υ ÔÏ ÂÅ πȢφψȢ )Î 

72! τ ÁÎÄ υ ÔÈÅÒÅ ÉÓ ÂÏÔÈ ÆÒÁÃÔÕÒÅÄ ÁÎÄ ×ÅÁÔÈÅÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ÐÒÅÓÅÎÔ ÙÅÔ ÔÈÅ 

ÆÒÁÃÔÕÒÅÄ ÁÑÕÉÆÅÒÓ ×ÉÔÈÉÎ 72! υ ÈÁÖÅ Á ÇÒÅÁÔÅÒ ÐÏÓÉÔÉÖÅ ÂÁÌÁÎÃÅ ÃÏÍÐÁÒÅÄ ÔÏ ÔÈÅ 

ÆÒÁÃÔÕÒÅÄ ÁÑÕÉÆÅÒÓ ÉÎ 72! τ ɉ2ÏÂÉÎÓ ÅÔ ÁÌȟ ςπρσȠ .(!ȟ ςπρψɊȢ 4ÈÅ ÆÒÁÃÔÕÒÅÄ ÉÎ ÔÈÅ 

ÁÑÕÉÆÅÒÓ ÉÎ 72! υ ÍÁÙ ÁÌÓÏ ÈÁÖÅ Á ÈÉÇÈÅÒ ÃÏÎÎÅÃÔÉÖÉÔÙ ÒÅÓÕÌÔÉÎÇ ÉÎ Á ÈÉÇÈÅÒ ÐÅÒÍÅÁÂÉÌÉÔÙ 

ÁÎÄ Á ÈÉÇÈÅÒ "&)Ȣ 72!ȭÓ ςȟ φ ÁÎÄ ρυ ÁÒÅ ÃÁÌÃÕÌÁÔÅÄ ÔÏ ÈÁÖÅ Á ÓÍÁÌÌ ÐÏÓÉÔÉÖÅ ÂÁÌÁÎÃÅ 



ψς 
 

ɉ2ÏÂÉÎÓ ÅÔ ÁÌȟ ςπρσɊ ÓÕÇÇÅÓÔÉÎÇ ÔÈÁÔ ÔÈÅÒÅ ÉÓ ÁÎÏÔÈÅÒ ÆÁÃÔÏÒ ÃÏÎÔÒÉÂÕÔÉÎÇ ÔÏ ÔÈÅ ÌÏ× 

ÂÁÓÅПÌÏ× ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅȢ ! ÐÏÔÅÎÔÉÁÌ ÒÅÁÓÏÎ ÆÏÒ ÔÈÅ ÌÏ× "&) ÉÎ 72! ς ÉÓ ÔÈÅ 

ÐÒÅÓÅÎÃÅ ÏÆ ,ÁËÅ #ÈÉÌ×Á ×ÈÅÒÅ ÒÉÖÅÒÓ ÄÒÁÉÎ ÉÎÔÏȢ !ÑÕÉÆÅÒÓ ÉÎ 72! ρυ ÍÁÙ ÉÎÔÅÒÁÃÔ 

ÄÉÆÆÅÒÅÎÔÌÙ ×ÉÔÈ ,ÁËÅ -ÁÌÁ×É ÃÏÍÐÁÒÅÄ ÔÏ ÏÔÈÅÒ 72!ȭÓ ÁÌÏÎÇ ÔÈÅ ÌÁËÅȟ ÒÅÓÕÌÔÉÎÇ ÉÎ Á 

ÌÏ×ÅÒ ÓÔÏÒÁÇÅ ÁÎÄ ÂÁÓÅПÌÏ×Ȣ 'ÅÏÌÏÇÉÃÁÌ ÈÅÔÅÒÏÇÅÎÅÉÔÙ ÉÓ ÁÌÓÏ ÌÉËÅÌÙ ÔÏ ÂÅ ÔÈÅ ÒÅÁÓÏÎ ÆÏÒ 

ÔÈÅ ÌÏ×ÅÒ "&) ÉÎ ÁÌÌ ÓÉØ ÒÅÇÉÏÎÓ ×ÉÔÈ ÔÈÅ ÓÔÒÁÔÁ ÈÁÖÉÎÇ Á ÌÏ×ÅÒ ÐÅÒÍÅÁÂÉÌÉÔÙȢ ,ÁÎÄ ÕÓÅ ×ÉÌÌ 

ÁÌÓÏ ÉÎПÌÕÅÎÃÅ ÔÈÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÎ -ÁÌÁ×ÉȢ 72!ȭÓ ςȟ τȟ φȟ ρρ ÁÎÄ ρτ ÁÒÅ ÓÉÔÕÁÔÅÄ 

ÁÌÏÎÇ -ÁÌÁ×ÉȭÓ ÂÏÒÄÅÒ ÁÎÄ ×ÈÉÌÅ ÔÈÅ ÒÉÖÅÒÓ ÉÎ 72! ς ÄÒÁÉÎ ÔÏ ,ÁËÅ #ÈÉÌ×Á ÁÎÄ ÔÈÅ ÒÉÖÅÒÓ 

ÉÎ τ ÁÎÄ φ ÄÒÁÉÎ ÔÏ ,ÁËÅ -ÁÌÁ×Éȟ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÁÔÃÈÍÅÎÔÓ ÄÏ ÎÏÔ ÍÉÒÒÏÒ ÒÉÖÅÒ 

ÃÁÔÃÈÍÅÎÔÓȟ ÔÈÅÒÅÆÏÒÅ ÔÈÅ ÂÁÓÅПÌÏ× ÉÎ ÔÈÅÓÅ ÁÒÅÁÓ ×ÉÌÌ ÂÅ ÁÆÆÅÃÔÅÄ ÂÙ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÁÂÓÔÒÁÃÔÉÏÎ ÉÎ :ÁÍÂÉÁ ÁÎÄ -ÏÚÁÍÂÉÑÕÅȢ 

 

5ÓÉÎÇ ÔÈÅ ÓÐÅÃÉПÉÃ ÙÉÅÌÄ ÏÆ ÁÑÕÉÆÅÒÓ ×ÉÔÈÉÎ ÅÁÃÈ 72!ȟ 2ÏÂÉÎ ÅÔ ÁÌ ɉςπρσɊ ÁÐÐÒÏØÉÍÁÔÅÓ 

ÔÈÅ ÓÔÏÒÁÇÅ ÒÅÓÅÒÖÅ ÏÆ ×ÅÁÔÈÅÒÅÄ ÁÎÄ ÆÒÁÃÔÕÒÅÄ ÁÑÕÉÆÅÒÓ ÉÎ -ÁÌÁ×ÉȢ !Ó ÔÈÅÒÅ ÁÒÅ ÎÏ ÒÉÖÅÒ 

ÓÔÁÔÉÏÎÓ ÌÏÃÁÔÅÄ ÉÎ 72! ρπȟ ÔÈÅ "&) ÃÁÎÎÏÔ ÂÅ ÃÏÍÐÁÒÅÄ ÔÏ ÔÈÅ ÓÔÏÒÁÇÅ ÒÅÓÅÒÖÅȢ 4ÈÅÒÅ ÉÓ 

Á ÓÁÍÐÌÉÎÇ ÅÒÒÏÒ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÃÏÍÐÁÒÉÎÇ ÔÈÅ "&) ÄÁÔÁ ÔÏ ÔÈÅ ÓÔÏÒÁÇÅ ÖÏÌÕÍÅÓ ÁÓ ÉÎ 

ÓÏÍÅ 72!Ó ÔÈÅÒÅ ÁÒÅ ÖÅÒÙ ÆÅ× ÓÔÁÔÉÏÎÓȢ )Ô ÓÈÏÕÌÄ ÂÅ ÎÏÔÅÄ ÔÈÁÔ ÔÈÅ ÓÔÏÒÁÇÅ ÒÅÓÅÒÖÅÓ ÄÏ 

ÎÏÔ ÁÃÃÏÕÎÔ ÆÏÒ ÁÌÌÕÖÉÕÍȟ ÏÒ ÃÏÎÓÏÌÉÄÁÔÅÄ ÓÅÄÉÍÅÎÔ ÁÑÕÉÆÅÒÓ ×ÈÉÃÈ ÁÒÅ ×ÉÄÅÓÐÒÅÁÄ ÉÎ ÔÈÅ 

ÓÏÕÔÈÅÒÎ 72!ÓȢ 4ÈÅÓÅ Ô×Ï ÆÁÃÔÏÒÓ ÍÁÙ ÁÃÃÏÕÎÔ ÆÏÒ ÔÈÅ ÄÉÓÃÒÅÐÁÎÃÉÅÓ ÂÅÔ×ÅÅÎ ÔÈÅ ÒÁÎËÓ 

ÏÆ ÅÁÃÈ ÄÁÔÁ ÓÅÔ ɉ4ÁÂÌÅ σɊȢ /ÖÅÒÁÌÌȟ ÔÈÅ ÓÔÏÒÁÇÅ ÅÓÔÉÍÁÔÅÓ ÃÏÒÒÅÌÁÔÅ ÔÏ ÔÈÅ ÁÖÅÒÁÇÅ ÁÎÎÕÁÌ 

"&) ɉÅØÃÅÐÔ ÆÏÒ 72! τȟ ωȟ ρφ ÁÎÄ ρχɊȟ 4ÁÂÌÅ σȟ ÓÈÏ×ÉÎÇ ÔÈÁÔ "&) ÃÁÎ ÂÅ ÕÓÅÄ ÔÏ ÅÓÔÉÍÁÔÅ 

ÔÈÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅȢ 4ÈÅÒÅ ÄÏÅÓ ÎÏÔ ÁÐÐÅÁÒ ÔÏ ÂÅ Á ÓÐÁÔÉÁÌ ÔÒÅÎÄ ÏÆ ÈÉÇÈ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅȟ ×ÉÔÈ ÈÉÇÈ ÒÅÓÅÒÖÅÓ ÌÏÃÁÔÅÄ ÉÎ ÔÈÅ ÎÏÒÔÈȟ ÃÅÎÔÒÅȟ ÁÎÄ ÓÏÕÔÈ ÏÆ 

-ÁÌÁ×ÉȢ    

/ÖÅÒÁÌÌȟ ÔÈÅ ÓÏÕÔÈÅÒÎ ÒÅÇÉÏÎ ÏÎ -ÁÌÁ×É ÈÁÓ ÔÈÅ ÈÉÇÈÅÓÔ ÖÏÌÕÍÅ ÏÆ ÒÅÃÈÁÒÇÅ ×ÉÔÈÉÎ 

-ÁÌÁ×É ɉ.(!ȟ ςπρψɊ ÃÏÎÔÒÉÂÕÔÉÎÇ ÔÏ ÔÈÅ ÈÉÇÈ ÂÁÓÅПÌÏ× ɉψψȢρπϷɊ ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÓÔÏÒÁÇÅ ÉÎ ÔÈÅ ÒÅÇÉÏÎȢ 'ÅÏÌÏÇÉÃÁÌÌÙ ÁÎÄ ÈÙÄÒÏÇÅÏÌÏÇÉÃÁÌÌÙȟ ÔÈÅ 72!ȭÓ ×ÉÔÈÉÎ ÔÈÅ ÎÏÒÔÈÅÒÎ 



ψσ 
 

ÁÎÄ ÃÅÎÔÒÁÌ ÒÅÇÉÏÎ ÁÒÅ ÓÉÍÉÌÁÒ ɉ&ÒÁÓÅÒ ÅÔ ÁÌȟ ςπςπɊȢ 9ÅÔȟ ÁÌÏÎÇ ÔÈÅ ÎÏÒÔÈÅÒÎ ÂÏÒÄÅÒ ×ÉÔÈ 

4ÁÎÚÁÎÉÁ ÁÎÄ :ÁÍÂÉÁȟ ÔÈÅÒÅ ÉÓ Á ÒÅÃÈÁÒÇÅ ÒÁÔÅ ÏÆ ÃȢ σ ÍÍȾÄÁÙ ɉ.(!ȟ ςπρψɊ ×ÈÉÃÈ ÉÓ 

ÌÉËÅÌÙ ÔÏ ÂÅ ×ÈÙ ÔÈÅÒÅ ÉÓ Á ÈÉÇÈÅÒ ÐÅÒÃÅÎÔÁÇÅ ÏÆ ÂÁÓÅПÌÏ× ÉÎ ÔÈÅ ÎÏÒÔÈÅÒÎ ÒÅÇÉÏÎ 

ɉφωȢχωϷɊ ÃÏÍÐÁÒÅÄ ÔÏ ÔÈÅ ÃÅÎÔÒÁÌ ÒÅÇÉÏÎ ɉυφȢφωϷɊȢ 4ÈÅÒÅ ÉÓ ÁÌÓÏ Á ÇÒÅÁÔÅÒ ÎÕÍÂÅÒ ÏÆ 

×ÅÁÔÈÅÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ×ÉÔÈÉÎ ÔÈÅ ÃÅÎÔÒÁÌ ÒÅÇÉÏÎ ÏÆ -ÁÌÁ×Éȟ ÐÏÔÅÎÔÉÁÌÌÙ 

ÃÏÎÔÒÉÂÕÔÉÎÇ ÔÏ ÔÈÅ ÌÏ×ÅÒ ÐÏÒÔÉÏÎ ÏÆ ÂÁÓÅПÌÏ×Ȣ 

4ÁÂÌÅ τ ÓÈÏ×Ó ÔÈÅ ÁÖÅÒÁÇÅ ÖÏÌÕÍÅÓ ÏÆ ÒÉÖÅÒ ÉÎПÌÏ× ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ×ÉÔÈ ÔÈÅ ÓÕÒÆÁÃÅ 

ÁÎÄ ÂÁÓÅПÌÏ× ÃÏÍÐÏÎÅÎÔȢ 'ÒÏÕÎÄ×ÁÔÅÒ ПÌÏ× ÄÏÍÉÎÁÔÅÓ ÔÈÅ ÉÎПÌÏ× ÁÌÌ ÙÅÁÒ ÒÏÕÎÄȟ 

ÉÎÃÒÅÁÓÉÎÇ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ×ÈÅÎ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÓ ÎÏÔ ПÉÌÌÉÎÇ ÔÈÅ ÒÉÖÅÒÓȟ ÁÎÄ ÒÉÖÅÒÓ 

ÁÒÅ ÍÏÒÅ ÄÅÐÅÎÄÅÎÔ ÏÎ ÂÁÓÅПÌÏ×Ȣ 4ÈÅÒÅÆÏÒÅȟ ÔÏ ÍÁÉÎÔÁÉÎ ÔÈÅ ÃÕÒÒÅÎÔ ÌÁËÅ ÌÅÖÅÌȟ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÁÂÓÔÒÁÃÔÉÏÎ ÒÁÔÅÓ ×ÉÌÌ ÎÅÅÄ ÔÏ ÂÅ ÍÏÎÉÔÏÒÅÄ ÁÎÄ ÃÏÎÔÒÏÌÌÅÄ ÁÌÌ ÙÅÁÒ ÒÏÕÎÄȢ  

υȢς 3ÅÁÓÏÎÁÌÉÔÙ ÏÆ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ 

6ÉÓÕÁÌÌÙ ÉÎÓÐÅÃÔÉÎÇ ÃÈÁÎÇÅÓ ÉÎ ,ÁËÅ -ÁÌÁ×É ÓÔÏÒÁÇÅ ÓÕÇÇÅÓÔÅÄ ÓÏÍÅ ÉÎПÌÕÅÎÃÅ ÏÆ 

ÅÓÔÁÂÌÉÓÈÅÄ ×ÅÁÔÈÅÒ ÐÁÔÔÅÒÎÓ ÏÆ ÓÏÌÁÒ ÉÒÒÁÄÉÁÎÃÅ ÁÎÄ 3/)Ȣ !Ó ,ÁËÅ -ÁÌÁ×É ÉÓ ÃÏÎÔÒÏÌÌÅÄ 

ÂÙ Á ÎÕÍÂÅÒ ÏÆ ÆÁÃÔÏÒÓȟ ÎÏÔÁÂÌÙ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ÔÈÅ +ÁÍÕÚÕ "ÁÒÒÁÇÅ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπςςɊȟ 

ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ×ÁÓ ÕÓÅÄ ÔÏ ÅØÐÌÏÒÅ ÓÅÁÓÏÎÁÌÉÔÙȢ  

$ÅÃÏÍÐÏÓÉÔÉÏÎ ÁÎÁÌÙÓÉÓ ×ÁÓ ÕÓÅÄ ÔÏ ÅØÐÌÏÒÅ ÔÒÅÎÄÓ ÉÎ ÁÎÎÕÁÌ ÔÒÅÎÄÓ ÏÆ ÔÈÅ ÒÁÔÅ ÏÆ 

ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌȢ $ÅÃÏÍÐÏÓÉÔÉÏÎ ÒÅÖÅÁÌÅÄ Á ÓÔÒÏÎÇ ÓÅÁÓÏÎÁÌ ÔÒÅÎÄ ×ÉÔÈ ÁÎÎÕÁÌ 

ÖÁÒÉÁÔÉÏÎ ÏÆ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌȟ ÔÈÉÓ ÉÓ ÁÓ ÅØÐÅÃÔÅÄ ×ÉÔÈ Á ÐÏÓÉÔÉÖÅ ÒÁÔÅ ÏÆ 

ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÄÕÒÉÎÇ ÔÈÅ ×ÅÔ ÒÅÁÓÏÎ ÁÎÄ Á ÎÅÇÁÔÉÖÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ 

ÓÅÁÓÏÎȢ )Î ÁÄÄÉÔÉÏÎ ÔÏ ÁÎÎÕÁÌ ÐÁÔÔÅÒÎÓȟ ÔÈÅÒÅ ×ÁÓ Á ÄÅÃÏÍÐÏÓÅÄ ÔÒÅÎÄ ÏÂÓÅÒÖÅÄ ×ÈÉÃÈ 

ÅØÈÉÂÉÔÅÄ ÁÐÐÒÏØÉÍÁÔÅÌÙ ρπɀςπȤÙÅÁÒ ÃÙÃÌÅÓ ÉÎ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ÁÌÏÎÇÓÉÄÅ σȤυ ÙÅÁÒ 

ÐÁÔÔÅÒÎÓȢ 4ÈÅ ÄÅÃÏÍÐÏÓÅÄ ÔÒÅÎÄ ÏÆ ÌÁËÅ -ÁÌÁ×É ÓÔÏÒÁÇÅ ÁÌÉÇÎÅÄ ×ÉÔÈ ÔÈÅ 3/) ÔÒÅÎÄ ÉÎ 

-ÁÌÁ×ÉȢ 



ψτ 
 

&ÕÒÔÈÅÒ ÁÎÁÌÙÓÉÓ ÏÆ ÐÁÔÔÅÒÎÓ ÉÎ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÔÈÒÏÕÇÈ &ÏÕÒÉÅÒ 

ÔÒÁÎÓÆÏÒÍ ÔÏ ÉÄÅÎÔÉÆÙ ÔÈÅ ÕÎÄÅÒÌÙÉÎÇ ÆÒÅÑÕÅÎÃÉÅÓ ÉÎ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌȢ 

&ÏÕÒÉÅÒ ÔÒÁÎÓÆÏÒÍ ÒÅÖÅÁÌÅÄ ρρȤÙÅÁÒ ÃÙÃÌÅÓ ÉÎ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÁÎÄ ÐÒÅÃÉÐÉÔÁÔÉÏÎȟ 

ÃÏÉÎÃÉÄÉÎÇ ×ÉÔÈ ÓÏÌÁÒ ÃÙÃÌÅȢ 4ÈÅÒÅ ×ÅÒÅ ÁÌÓÏ σȤ ÁÎÄ υȤÙÅÁÒ ÃÈÁÎÇÅÓ ÏÂÓÅÒÖÅÄ ×ÉÔÈÉÎ ÔÈÅ 

ÄÅÃÏÍÐÏÓÅÄ ÔÒÅÎÄȟ ÔÈÅÓÅ ÁÌÉÇÎÅÄ ×ÉÔÈ ÐÅÒÉÏÄÉÃ %.3/ ÃÙÃÌÅÓ ÁÎÄ ×ÅÒÅ ÁÌÓÏ ÏÂÓÅÒÖÅÄ 

×ÉÔÈÉÎ ÔÈÅ &ÏÕÒÉÅÒ ÔÒÁÎÓÆÏÒÍ ÏÆ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÐÁÔÔÅÒÎÓȢ 

4ÈÅÓÅ ÒÅÓÕÌÔÓ ÓÕÇÇÅÓÔÅÄ ÔÈÁÔ ,ÁËÅ -ÁÌÁ×ÉȭÓ ÓÔÏÒÁÇÅ ÅØÐÅÒÉÅÎÃÅÄ ÓÅÁÓÏÎÁÌÉÔÙ ×ÈÉÃÈ ×ÁÓ 

ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÁÔÔÅÒÎÓ ÉÎ ÓÏÌÁÒ ÉÎÔÅÎÓÉÔÙ ÁÎÄ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÅÖÅÎÔÓȢ   

υȢσ 2ÁÔÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ #ÈÁÎÇÅ 

4Ï ÆÕÒÔÈÅÒ ÉÎÖÅÓÔÉÇÁÔÅ ÔÈÅ ÄÒÉÖÅÒÓ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȭÓ ÓÔÏÒÁÇÅ ÃÈÁÎÇÅȟ Á ÌÉÎÅÁÒ ÒÅÇÒÅÓÓÉÏÎ 

ÍÏÄÅÌ ×ÁÓ ÐÒÏÄÕÃÅÄ ÆÏÒ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ -ÁÌÁ×É ÌÅÖÅÌ ÆÏÒ ÅÁÃÈ ÍÏÎÔÈȢ 4ÈÅ ÒÁÔÅ 

ÏÆ ÃÈÁÎÇÅ ÏÆ ÓÔÏÒÁÇÅ ÆÏÒ Á ÇÉÖÅÎ ÍÏÎÔÈ ×ÁÓ ÃÏÍÐÁÒÅÄ ÔÏ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÌÅÖÅÌÓ ÉÎ ÔÈÅ σ 

ÍÏÎÔÈÓ ÁÎÄ ρς ÍÏÎÔÈÓ ÐÒÅÃÅÄÉÎÇ ÔÈÅ ÍÏÎÔÈ ÔÏ ÅÖÁÌÕÁÔÅ ÔÈÅ ÉÎПÌÕÅÎÃÅ ÏÆ ÔÈÅ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÏÆ ÔÈÁÔ ÙÅÁÒ ÁÓ ×ÅÌÌ ÁÓ ÁÖÅÒÁÇÅ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ ÙÅÁÒÓ ÐÒÅÃÅÄÉÎÇ ÔÈÅ ÙÅÁÒ 

ÏÆ ÉÎÔÅÒÅÓÔ ɉ×ÉÔÈ ÌÁÇÓ ÏÆ ρȤρυ ÙÅÁÒÓɊȢ  

4ÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ÌÅÖÅÌ ÄÕÒÉÎÇ ÔÈÅ ×ÅÔ ÓÅÁÓÏÎ ×ÁÓ ÓÉÇÎÉПÉÃÁÎÔÌÙ ÉÎПÌÕÅÎÃÅÄ ÂÙ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÖÅÎÔÓ ÉÎ ÔÈÁÔ ÙÅÁÒȟ ÉÎ ÔÈÅ σ ÍÏÎÔÈÓ ÁÎÄ ρς ÍÏÎÔÈÓ ÐÒÉÏÒ ÔÏ ÔÈÅ ÍÏÎÔÈ ÏÆ 

ÉÎÔÅÒÅÓÔȢ #ÏÎÖÅÒÓÅÌÙȟ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎȟ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ÌÅÖÅÌ ×ÁÓ ÎÏÔ 

ÓÉÇÎÉПÉÃÁÎÔÌÙ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÙÅÁÒ ÉÎ ÑÕÅÓÔÉÏÎ ÂÕÔ ×ÁÓ ÓÉÇÎÉПÉÃÁÎÔÌÙ 

ÉÎПÌÕÅÎÃÅÄ ÂÙ ÔÈÅ ÌÅÖÅÌ ÏÆ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÐÒÅÃÅÄÉÎÇ ÙÅÁÒÓ ×ÉÔÈ ÌÁÇÓ ÏÆ ρȟ τȟ υȟ χȟ ρπȟ ρςȟ 

ÁÎÄ ρτ ÙÅÁÒÓȢ )Î ÁÌÌ ÃÁÓÅÓȟ ÔÈÅÒÅ ×ÁÓ Á ÎÅÇÁÔÉÖÅ ÃÏÒÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÐÒÅÖÉÏÕÓ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÎÄ ÔÈÅ ÒÁÔÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÄÅÃÌÉÎÅȠ ×ÈÅÎ ÐÒÅÖÉÏÕÓ ÙÅÁÒÓ ÅØÐÅÒÉÅÎÃÅÄ ÉÎÔÅÎÓÅ 

ÒÁÉÎÆÁÌÌȟ ,ÁËÅ ,ÅÖÅÌ ÄÅÃÌÉÎÅÄ ÁÔ Á ÓÌÏ×ÅÒ ÒÁÔÅȢ 4ÈÅÓÅ ПÉÎÄÉÎÇÓ ÓÕÇÇÅÓÔ ÔÈÁÔ ÔÈÅ ÒÁÔÅ ÏÆ 

ÃÈÁÎÇÅ ÏÆ ,ÁËÅ ÌÅÖÅÌ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ÉÓ ÍÏÒÅ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÒÅÖÉÏÕÓ ÐÒÅÃÉÐÉÔÁÔÉÏÎ 

ÅÖÅÎÔÓ ÔÈÁÎ ÂÙ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ ÓÁÍÅ ÙÅÁÒȢ 4ÈÉÓ ÐÏÉÎÔÓ ÔÏ Á ÓÙÓÔÅÍ ÐÒÏÖÉÄÉÎÇ Á ÂÕÆÆÅÒ 



ψυ 
 

ÏÆ ÐÒÅÖÉÏÕÓ ÈÉÇÈ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÖÅÎÔÓ ÌÉÍÉÔÉÎÇ ÔÈÅ ÒÁÔÅ ÏÆ ,ÁËÅ ,ÅÖÅÌ ÄÅÃÌÉÎÅȢ !Ó 

ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÃÈÁÒÇÅÓ ÓÔÒÏÎÇÌÙ ÄÕÒÉÎÇ ÈÉÇÈ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÙÅÁÒÓ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ ςπςςɊȟ ×Å 

ÐÒÏÐÏÓÅ ÔÈÁÔ ÔÈÅ ÉÎПÌÕÅÎÃÅ ÏÆ ÐÒÅÖÉÏÕÓ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÖÅÎÔÓ ÏÎ ,ÁËÅ -ÁÌÁ×É ÌÅÖÅÌ ÉÓ 

ÍÅÄÉÁÔÅÄ ÔÈÒÏÕÇÈ ÂÁÓÅПÌÏ× ÆÒÏÍ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅȢ  

υȢτ 3ÔÁÂÌÅ )ÓÏÔÏÐÅÓ ÏÆ 'ÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ,ÁËÅ -ÁÌÁ×É 7ÁÔÅÒȢ 

ɍ3ÅÃÔÉÏÎ ÔÏ ÂÅ ÃÏÍÐÌÅÔÅÄ ÏÎ ÐÕÂÌÉÃÁÔÉÏÎ ÏÆ "ÁÎÄÁ ,ÁËÅ -ÁÌÁ×É "ÁÓÉÎ 0ÁÐÅÒȟ ÉÎ 2ÅÖÉÓÉÏÎ 

ÆÏÒ ÉÍÍÉÎÅÎÔ ÐÕÂÌÉÃÁÔÉÏÎ ςφÔÈ !ÐÒÉÌ ςπςτɎȢ 

υȢ #ÏÎÃÌÕÓÉÏÎÓ 

 

4Ï ÃÏÎÃÌÕÄÅȟ ÁÓ -ÁÌÁ×ÉȭÓ ÐÏÐÕÌÁÔÉÏÎ ÉÎÃÒÅÁÓÅÓ ÁÎÄ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÐÕÔÓ ÁÄÄÉÔÉÏÎÁÌ 

ÓÔÒÅÓÓ ÏÎ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÓ ÂÅÃÏÍÉÎÇ ÉÎÃÒÅÁÓÉÎÇÌÙ ÉÍÐÏÒÔÁÎÔ 

×ÉÔÈÉÎ -ÁÌÁ×ÉȢ #ÕÒÒÅÎÔÌÙȟ ÉÔ ÉÓ ÏÎÅ ÏÆ ÔÈÅ ÍÁÉÎ ÓÏÕÒÃÅÓ ÏÆ ÃÌÅÁÎ ×ÁÔÅÒȢ (Ï×ÅÖÅÒȟ ÉÔ ÉÓ ÓÔÉÌÌ 

ÓÕÓÃÅÐÔÉÂÌÅ ÔÏ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÁÎÄ ÏÖÅÒ ÁÂÓÔÒÁÃÔÉÏÎȢ )Î ÏÒÄÅÒ ÆÏÒ -ÁÌÁ×É ÔÏ ÁÃÈÉÅÖÅ 3$'φȟ 

ÓÕÓÔÁÉÎÁÂÌÅ ÍÁÎÁÇÅÍÅÎÔ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÓ ÒÅÑÕÉÒÅÄȢ 

 

-ÁÌÁ×ÉȭÓ ÔÏÐÏÇÒÁÐÈÙȟ ÇÅÏÌÏÇÙȟ ÁÎÄ ÈÙÄÒÏÇÅÏÌÏÇÙ ÁÒÅ ÁÌÌ ÓÔÒÏÎÇÌÙ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÔÈÅ 

%!23Ȣ 4ÈÅ ÔÏÐÏÇÒÁÐÈÙ ÃÏÎÓÉÓÔ ÏÆ ÕÐÌÁÎÄ ÐÌÁÔÅÁÕÓ ÉÎ ÔÈÅ .ÏÒÔÈÅÒÎ ÁÎÄ ÃÅÎÔÒÁÌ ÒÅÇÉÏÎÓ 

ÁÎÄ ÔÈÅ 3ÏÕÔÈ ÉÓ ÄÏÍÉÎÁÔÅÄ ÂÙ ÔÈÅ ,Ï×ÅÒ 3ÈÉÒÅ 6ÁÌÌÅÙȢ -ÅÔÁÍÏÒÐÈÉÃ ÒÏÃËÓȟ ÍÏÓÔÌÙ 

ÇÎÅÉÓÓÅÓȟ ÍÁËÅ ÕÐ ÔÈÅ ÍÁÊÏÒÉÔÙ ÏÆ -ÁÌÁ×ÉȭÓ ÇÅÏÌÏÇÙ ÉÎ ÔÈÅ ÆÏÒÍ ÏÆ ÔÈÅ ÂÁÓÅÍÅÎÔ ÃÏÍÐÌÅØȢ 

!Ó ÔÈÅ ÒÏÃËÓ ÁÒÅ ÓÏÍÅ×ÈÁÔ ÒÅÓÉÓÔÁÎÔ ÔÏ ×ÅÁÔÈÅÒÉÎÇȟ ÔÈÅÙ ÍÁËÅ ÕÐ ÁÌÌ ÔÈÅ ÇÅÏÌÏÇÙ ÉÎ 

-ÁÌÁ×ÉȭÓ ÈÉÇÈÌÁÎÄÓȢ $ÕÅ ÔÏ ÅØÔÅÎÓÉÏÎ ÅÖÅÎÔÓ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÔÈÅ %!23ȟ ÔÈÅ ÕÎÉÔ ÈÁÓ 

ÅØÐÅÒÉÅÎÃÅÄ ÂÏÔÈ ÃÈÅÍÉÃÁÌ ÁÎÄ ÐÈÙÓÉÃÁÌ ÄÅÆÏÒÍÁÔÉÏÎȢ 4ÈÅÒÅÆÏÒÅȟ ÔÈÅ ÕÎÉÔ ÉÓ ÓÐÌÉÔ ÉÎÔÏ Ô×Ï 

ÁÑÕÉÆÅÒ ÔÙÐÅÓȡ ×ÅÁÔÈÅÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓ ÁÎÄ ÆÒÁÃÔÕÒÅÄ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒÓȢ 4ÈÅÓÅ ÁÒÅ 

ÒÅÌÁÔÉÖÅÌÙ ÓÍÁÌÌ ÁÎÄ ÕÎÃÏÎÎÅÃÔÅÄȢ 1ÕÁÔÅÒÎÁÒÙ ÁÌÌÕÖÉÕÍ ÄÅÐÏÓÉÔÓ ÁÒÅ ÅØÔÅÎÓÉÖÅ ÔÏ ÔÈÅ 

3ÏÕÔÈ ÏÆ -ÁÌÁ×É ÁÎÄ ÆÏÒÍ ÁÌÌÕÖÉÕÍ ÁÑÕÉÆÅÒÓȢ   



ψφ 
 

 

!ÌÌ ÒÉÖÅÒÓ ÔÈÁÔ ÏÒÉÇÉÎÁÔÅ ÉÎ ÔÈÅ .ÏÒÔÈÅÒÎ ÁÎÄ ÃÅÎÔÒÁÌ ÒÅÇÉÏÎÓ ÏÆ -ÁÌÁ×É ÄÒÁÉÎ ÉÎÔÏ 

,ÁËÅ -ÁÌÁ×ÉȢ 2ÉÖÅÒÓ ÉÎ ÔÈÅ ÓÏÕÔÈ ÄÒÁÉÎ ÉÎÔÏ ÍÕÌÔÉÐÌÅ ÓÙÓÔÅÍÓȟ ×ÉÔÈ ÔÈÅ 3ÈÉÒÅ 2ÉÖÅÒ ÂÅÉÎÇ 

ÔÈÅ ÍÁÉÎ ÏÎÅȢ $ÁÉÌÙ ÒÉÖÅÒ ÄÁÔÁ ÈÁÓ ÂÅÅÎ ÃÏÌÌÅÃÔÅÄ ÆÏÒ ÍÁÎÙ ÄÅÃÁÄÅÓ ÙÅÔ ÔÈÅÒÅ ÉÓ Á 

ÓÉÇÎÉПÉÃÁÎÔ ÐÅÒÃÅÎÔÁÇÅ ÏÆ ÍÉÓÓÉÎÇ ÄÁÔÁ ÆÏÒ ÁÌÌ ÒÉÖÅÒÓ ×ÉÔÈÉÎ -ÁÌÁ×ÉȢ 4ÈÅ ÐÅÒÉÏÄ ÏÆ 

ÒÅÃÏÒÄÅÄ ÁÔ ÇÁÕÇÉÎÇ ÓÔÁÔÉÏÎ ÁÌÓÏ ÖÁÒÉÅÓȢ 4ÈÅÒÅÆÏÒÅȟ ÔÈÅ ÍÏÎÔÈÌÙ ÁÖÅÒÁÇÅ ПÌÏ×Ó ÁÒÅ 

ÃÁÌÃÕÌÁÔÅÄ ÆÏÒ ÁÌÌ ÒÉÖÅÒÓȢ 4ÈÉÓ ÁÌÓÏ ÁÌÌÏ×ÅÄ ÆÏÒ ÔÈÅ ÅÓÔÉÍÁÔÉÏÎ ÏÆ ÒÉÖÅÒ ÒÅÃÈÁÒÇÅ ÔÏ ,ÁËÅ 

-ÁÌÁ×É ÔÏ ÂÅ ÃÁÒÒÉÅÄ ÏÕÔȢ 2ÁÉÎÆÁÌÌ ÄÁÔÁ ÈÁÓ ÁÌÓÏ ÂÅÅÎ ÒÅÃÏÒÄÅÄ ÆÏÒ ÓÅÖÅÒÁÌ ÄÅÃÁÄÅÓ ÉÎ 

-ÁÌÁ×Éȟ ÙÅÔ ÔÈÅ ÐÅÒÉÏÄ ÒÅÃÏÒÄÅÄ ÂÙ ÓÔÁÔÉÏÎÓ ÄÉÆÆÅÒÓȢ (ÅÎÃÅȟ ÔÈÅ ÁÖÅÒÁÇÅ ÁÎÎÕÁÌ ÒÁÉÎÆÁÌÌ ÉÓ 

ÁÐÐÒÏØÉÍÁÔÅÄ ÆÏÒ ρωτω ÔÏ ςπρφȢ  

 

0ÒÅÖÉÏÕÓ ÓÔÕÄÉÅÓ ÃÁÌÃÕÌÁÔÅ Á ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÏÄÅÌ ÆÏÒ ,ÁËÅ -ÁÌÁ×Éȟ ÔÈÅÓÅ ÈÏ×ÅÖÅÒ 

ÄÏ ÎÏÔ ÃÏÎÓÉÄÅÒ ÇÒÏÕÎÄ×ÁÔÅÒȢ 4ÈÉÓ ÁÄÄÓ Á ÌÁÒÇÅ ÄÅÇÒÅÅ ÏÆ ÕÎÃÅÒÔÁÉÎÔÙ ÔÏ ÔÈÅ ПÉÎÄÉÎÇÓ ÏÆ 

ÔÈÅÓÅ ÓÔÕÄÉÅÓ ÁÓ ÂÁÓÅПÌÏ× ÃÏÎÔÒÉÂÕÔÅÓ Á ÌÁÒÇÅÒ ÖÏÌÕÍÅ ÏÆ ×ÁÔÅÒ ÔÏ ÒÉÖÅÒ ПÌÏ× ÉÎ -ÁÌÁ×É 

ÔÈÁÎ ÓÕÒÆÁÃÅ ÒÕÎÏÆÆȢ 2ÏÂÉÎÓ ÅÔ ÁÌ ɉςπρσɊ ÅÓÔÉÍÁÔÅ ÔÈÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ×ÉÔÈÉÎ 

-ÁÌÁ×É ÁÎÄ ПÉÎÄ ÔÈÁÔ ÉÎ ÓÅÖÅÒÁÌ 72!Ó ÔÈÅÒÅ ÉÓ Á ÇÒÅÁÔÅÒ ÖÏÌÕÍÅ ÏÆ ×ÁÔÅÒ ÂÅÉÎÇ 

ÁÂÓÔÒÁÃÔÅÄ ÆÒÏÍ ÁÑÕÉÆÅÒÓ ÔÈÁÎ ÉÓ ÂÅÉÎÇ ÒÅÐÌÅÎÉÓÈÅÄȢ (Ï×ÅÖÅÒȟ ÔÈÅ ÓÔÕÄÙ ÄÏÅÓ ÎÏÔ 

ÍÅÎÔÉÏÎ ÈÏ× ÔÈÉÓ ÉÍÐÁÃÔÓ ÔÈÅ ÈÅÁÌÔÈ ÏÆ ÓÕÒÆÁÃÅ ×ÁÔÅÒÓ ÉÎ -ÁÌÁ×ÉȢ     

 

4ÈÅ ÍÁÉÎ ПÉÎÄÉÎÇÓ ÏÆ ÔÈÉÓ ÓÔÕÄÙ ÁÒÅ ÁÓ ÆÏÌÌÏ×ÓȢ "ÁÓÅПÌÏ× ÍÁËÅÓ ÕÐ Á ÈÉÇÈÅÒ ÐÏÒÔÉÏÎ 

ÏÆ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅÄ ÔÈÁÔ ÓÕÒÆÁÃÅ ÒÕÎÏÆÆ ÆÏÒ ÍÏÓÔ ÏÆ ÔÈÅ ÒÉÖÅÒÓ ÌÏÃÁÔÅÄ ÉÎ -ÁÌÁ×Éȟ ×ÉÔÈ 

ÎÅÁÒÌÙ ÁÌÌ ÏÆ ÒÉÖÅÒ ПÌÏ× ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ÄÅÒÉÖÉÎÇ ÆÒÏÍ ÂÁÓÅПÌÏ×Ȣ 4ÈÉÓ ÉÎÄÉÃÁÔÅÓ ÔÈÁÔ 

ÔÈÅÒÅ ÉÓ Á ÃÏÎÓÉÄÅÒÁÂÌÅ ÖÏÌÕÍÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ ÃÏÕÎÔÒÙ ×ÉÔÈ ÔÈÅ 

ÇÒÅÁÔÅÓÔ ÓÔÏÒÁÇÅ ÃÁÐÁÃÉÔÙ ÌÏÃÁÔÅÄ ÉÎ ÁÌÌÕÖÉÕÍ ÁÑÕÉÆÅÒÓȢ /Î ÁÖÅÒÁÇÅȟ ÔÈÅ ÐÒÏÐÏÒÔÉÏÎ ÏÆ 

ÂÁÓÅПÌÏ× ÄÅÃÒÅÁÓÅÓ ÆÒÏÍ ÔÈÅ .ÏÒÔÈÅÒÎ ÔÏ ÔÈÅ ÃÅÎÔÒÁÌ ÒÅÇÉÏÎ ÏÆ -ÁÌÁ×Éȟ ÈÏ×ÅÖÅÒ ÉÔ ÉÓ ÁÔ 

ÉÔÓ ÈÉÇÈÅÓÔ ÉÎ 3ÏÕÔÈÅÒÎ -ÁÌÁ×É ×ÈÅÒÅ ÔÈÅ ÁÌÌÕÖÉÕÍ ÁÑÕÉÆÅÒÓ ÁÒÅȢ 

 



ψχ 
 

!Ó -ÁÌÁ×É ÉÓ Á ÌÁÎÄÌÏÃËÅÄ ÃÏÕÎÔÒÙȟ ÒÉÖÅÒ ПÌÏ× ÁÎÄ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÒÅ ÔÈÅ ÏÎÌÙ ÉÎПÌÏ×Ó 

ÔÏ ,ÁËÅ -ÁÌÁ×ÉȢ 'ÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÔÈÅÒÅÆÏÒÅ ÓÉÇÎÉПÉÃÁÎÔÌÙ ÉÍÐÁÃÔÓ ÔÈÅ ×ÁÔÅÒ ÌÅÖÅÌ ÏÆ 

,ÁËÅ -ÁÌÁ×ÉȢ !ÎÎÕÁÌÌÙȟ ÔÈÅ ÉÎПÌÏ× ÆÒÏÍ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÓ χȢςςØρπω ÍσȾÙÅÁÒȟ φυϷ ÏÆ ÔÏÔÁÌ 

ÄÉÓÃÈÁÒÇÅȢ  

 

4ÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȭÓ ÌÅÖÅÌ ÉÓ ÉÎÖÅÓÔÉÇÁÔÅÄ ÔÈÒÏÕÇÈ ÄÅÃÏÍÐÏÓÉÔÉÏÎ 

ÁÎÁÌÙÓÉÓȟ &ÏÕÒÉÅÒ ÔÒÁÎÓÆÏÒÍȟ ÁÎÄ ÌÉÎÅÁÒ ÍÏÄÅÌÌÉÎÇȢ 4×Ï ÃÙÃÌÅÓ ÉÍÐÁÃÔ -ÁÌÁ×ÉȭÓ ÒÁÉÎÆÁÌÌȡ 

ÔÈÅ %.3/ ÁÎÄ ÓÕÎÓÐÏÔ ÃÙÃÌÅȢ 0ÅÒÉÏÄÉÃÉÔÙ ÉÎ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÁÎÄ ÒÁÉÎÆÁÌÌȟ ÁÌÉÇÎÉÎÇ ×ÉÔÈ 

ÔÈÅÓÅ ÃÙÃÌÅÓȟ ÉÓ ÏÂÓÅÒÖÅÄȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȭÓ ÓÔÏÒÁÇÅ ÉÓ ÁÌÓÏ 

ÉÎПÌÕÅÎÃÅÄ ÂÙ ÔÈÅÓÅ ÃÙÃÌÅÓȢ  

 

'ÒÏÕÎÄ×ÁÔÅÒ ÍÏÎÉÔÏÒÉÎÇ ÉÓ ÓÔÉÌÌ ÒÅÌÁÔÉÖÅÌÙ ÎÅ× ÉÎ -ÁÌÁ×É ȟ ×ÉÔÈ ÔÈÅ ÅÁÒÌÉÅÓÔ ÂÅÉÎÇ 

ÆÒÏÍ ςππωȟ ÔÈÅÒÅÆÏÒÅ ÔÈÅÒÅ ÉÓ ÎÏÔ Á ÌÏÎÇ ÅÎÏÕÇÈ ÒÅÃÏÒÄ ÔÏ ÁÃÃÕÒÁÔÅÌÙ ÃÏÍÐÁÒÅ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÔÏ ÔÈÅ ÒÁÔÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÄÅÃÌÉÎÅȢ 2ÁÉÎÆÁÌÌ ÉÓ ÔÈÅ ÍÁÉÎ ÓÏÕÒÃÅ ÏÆ 

ÁÑÕÉÆÅÒ ÒÅÃÈÁÒÇÅȟ ÔÈÕÓ ÔÈÉÓ ÉÓ ÕÓÅÄ ÔÏ ÓÅÅ ÉÆ ÔÈÅÒÅ ÉÓ Á ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÔÈÅ Ô×ÏȢ 4ÈÅ 

ÒÁÔÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÃÈÁÎÇÅ ÉÓ ÅÓÔÉÍÁÔÅÄ ÆÏÒ ÅÁÃÈ ÍÏÎÔÈ ÁÎÄ ÃÏÍÐÁÒÅÄ ÔÏ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÆÏÒ 

ÔÈÅ ÇÉÖÅÎ ÙÅÁÒ ÁÎÄ ÐÒÅÖÉÏÕÓ ÙÅÁÒÓ ɉ×ÉÔÈ ÌÁÇÓ ÏÆ ρȤρυ ÙÅÁÒÓɊ ÔÈÒÏÕÇÈ Á ÌÉÎÅÁÒ ÍÏÄÅÌ ÔÏ 

ÉÄÅÎÔÉÆÙ ÓÉÇÎÉПÉÃÁÎÔ ÃÏÒÒÅÌÁÔÉÏÎÓȢ $ÕÒÉÎÇ ÔÈÅ ×ÅÔ ÓÅÁÓÏÎȟ ×ÈÅÎ ,ÁËÅ -ÁÌÁ×É ÌÅÖÅÌÓ ÁÒÅ 

ÉÎÃÒÅÁÓÉÎÇȟ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÉÓ ÓÉÇÎÉПÉÃÁÎÔÌÙ ÐÏÓÉÔÉÖÅÌÙ ÉÎПÌÕÅÎÃÅÄ ÂÙ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÁÔ ÇÉÖÅÎ ÙÅÁÒȢ 4ÈÉÓ ÓÕÇÇÅÓÔÓ ÔÈÁÔȟ ÄÕÒÉÎÇ ÔÈÅ ×ÅÔ ÓÅÁÓÏÎȟ ÃÈÁÎÇÅ ÉÎ 

,ÁËÅ -ÁÌÁ×É ÌÅÖÅÌ ÉÓ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÄÉÒÅÃÔ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÔ ÔÈÅ ÌÁËÅ ÁÎÄ ÄÉÓÃÈÁÒÇÅ ÆÒÏÍ 

ÓÕÒÆÁÃÅ ПÌÏ×Ȣ 4ÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ ÌÁËÅ ÌÅÖÅÌ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎ ÉÓ ÎÏÔ ÉÎПÌÕÅÎÃÅÄ ÂÙ 

ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÉÎ ÔÈÅ ÐÒÅÃÅÄÉÎÇ ÍÏÎÔÈÓ ÁÎÄ ÙÅÁÒ ÂÕÔ ÉÓ ÉÎПÌÕÅÎÃÅÄ ÂÙ ÐÒÅÃÉÐÉÔÁÔÉÏÎ 

ÉÎÔÅÎÓÉÔÙ ×ÉÔÈ ÌÁÇÓ ÏÆ ρȤρτ ÙÅÁÒÓȢ 7Å ÃÏÎÃÌÕÄÅ ÔÈÁÔ ÔÈÅ ÉÎПÌÕÅÎÃÅ ÏÆ ÔÈÅ ÒÁÔÅ ÏÆ ÃÈÁÎÇÅ ÏÆ 

,ÁËÅ ,ÅÖÅÌ ÆÒÏÍ ÐÒÅÖÉÏÕÓ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÖÅÎÔÓ ÉÓ ÍÅÄÉÁÔÅÄ ÂÙ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÎПÌÕÅÎÃÉÎÇ 

ÂÁÓÅПÌÏ× ÁÎÄ -ÁÌÁ×É ,ÁËÅ ,ÅÖÅÌȢ 

  



ψψ 
 

    

υȢς 2ÅÃÏÍÍÅÎÄÁÔÉÏÎÓ 

 

.Ï ÓÕÉÔÁÂÌÅ ÒÉÖÅÒ ÏÒ ÂÁÓÅПÌÏ× ÄÁÔÁ ÆÒÏÍ 4ÁÎÚÁÎÉÁ ÁÎÄ -ÏÚÁÍÂÉÑÕÅ ÁÒÅ ÁÖÁÉÌÁÂÌÅ ÉÎ 

ÏÒÄÅÒ ÔÏ ÁÓÓÅÓÓ ×ÈÁÔ ÔÈÅ ÔÏÔÁÌ ÉÎПÌÏ× ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ÉÓȢ )Î ÁÄÄÉÔÉÏÎȟ ÎÏÔ ÅÖÅÒÙ ÒÉÖÅÒ 

×ÉÔÈÉÎ -ÁÌÁ×É ÈÁÓ Á ÒÉÖÅÒ ÓÔÁÔÉÏÎ ÌÏÃÁÔÅÄ ÏÎ ÉÔȢ 4ÈÅÒÅÆÏÒÅȟ ÉÔ ÉÓ ÓÕÇÇÅÓÔÅÄ ÔÈÁÔ ÒÉÖÅÒÓ 

×ÉÔÈÏÕÔ Á ÒÉÖÅÒ ÇÁÕÇÅ ÁÒÅ ÍÏÎÉÔÏÒÅÄ ÔÏ ÏÂÔÁÉÎ Á ÍÏÒÅ ÁÃÃÕÒÁÔÅ ÖÁÌÕÅ ÏÆ ÔÈÅ ÉÎПÌÏ×Ó ÉÎÔÏ 

,ÁËÅ -ÁÌÁ×ÉȢ 2ÉÖÅÒÓ ПÌÏ×ÉÎÇ ÉÎÔÏ ÔÈÅ ÌÁËÅ ÆÒÏÍ 4ÁÎÚÁÎÉÁ ÁÎÄ -ÏÚÁÍÂÉÑÕÅ ÓÈÏÕÌÄ ÁÌÓÏ ÂÅ 

ÍÏÎÉÔÏÒÅÄ ÔÏ ÏÂÔÁÉÎ Á ÍÏÒÅ ÃÏÍÐÒÅÈÅÎÓÉÖÅ ÖÉÅ× ÏÆ ÔÈÅ ÔÏÔÁÌ ÉÎПÌÏ× ÆÒÏÍ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅ 

ÔÏ ,ÁËÅ -ÁÌÁ×ÉȢ  

  

&ÒÁÓÅÒ ÅÔ ÁÌ ɉςπςπɊ ÓÕÇÇÅÓÔÓ ÔÈÁÔ ÔÈÅÒÅ ÁÒÅ ÁÑÕÉÆÅÒÓ ÂÅÎÅÁÔÈ ,ÁËÅ -ÁÌÁ×É ×ÈÉÃÈ ÍÁÙ 

ÂÅ ÁÎ ÁÄÄÉÔÉÏÎÁÌ ÓÏÕÒÃÅ ÏÆ ×ÁÔÅÒ ÆÏÒ ÔÈÅ ÌÁËÅȟ ÏÒ ÉÎÄÅÅÄ ÔÈÁÔ ÔÈÅ ÌÁËÅ ÍÁÙ ÂÅ ÌÏÓÉÎÇ ×ÁÔÅÒ 

ÔÏ ÔÈÅÍȢ 'ÅÏÌÏÇÉÃÁÌ ÁÎÄ ÈÙÄÒÏÇÅÏÌÏÇÉÃÁÌ ÍÁÐÓ ÆÒÏÍ -ÁÌÁ×Éȟ 4ÁÎÚÁÎÉÁȟ ÁÎÄ -ÏÚÁÍÂÉÑÕÅ 

ÓÈÏÕÌÄ ÂÅ ÁÎÁÌÙÓÅÄ ÔÏ ÓÅÅ ÉÆ ÔÈÅÒÅ ÁÒÅ ÁÎÙ ÁÑÕÉÆÅÒ ÂÅÁÒÉÎÇ ÕÎÉÔÓ ÂÅÎÅÁÔÈ ÔÈÅ ÌÁËÅȢ 

)ÓÏÔÏÐÉÃ ÓÔÕÄÉÅÓ ÓÈÏÕÌÄ ÁÌÓÏ ÂÅ ÃÁÒÒÉÅÄ ÏÕÔ ÔÏ ÃÏÎПÉÒÍ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ÔÈÅÓÅ ÁÑÕÉÆÅÒÓ ÁÎÄ 

×ÈÁÔ ÒÅÌÁÔÉÏÎÓÈÉÐ ÔÈÅÙ ÈÁÖÅ ×ÉÔÈ ,ÁËÅ -ÁÌÁ×ÉȢ  

 

!Ó ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÓ ÓÈÏ×Î ÔÏ ÂÅ ÔÈÅ ÍÁÉÎ ÓÏÕÒÃÅ ÏÆ ÒÅÃÈÁÒÇÅ ÆÏÒ ÔÈÅ ÌÁËÅȟ 

ÎÅØÔ ÔÏ ÐÒÅÃÉÐÉÔÁÔÉÏÎȟ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÂÓÔÒÁÃÔÉÏÎ ÁÎÄ ÂÁÓÅПÌÏ× ÌÅÖÅÌÓ ÓÈÏÕÌÄ ÂÅ ÁÎÁÌÙÓÅÄ ÉÎ 

4ÁÎÚÁÎÉÁ ÁÎÄ -ÏÚÁÍÂÉÑÕÅ ÔÏ ÓÅÅ ÈÏ× ÔÈÅ ÄÉÓÃÈÁÒÇÅ ÉÓ ÁÆÆÅÃÔÅÄȢ &ÒÁÓÅÒ ÅÔ ÁÌ ɉςπςπɊ 

ÆÏÕÎÄ ÃȢ τπ ÔÒÁÎÓÂÏÕÎÄÁÒÙ ÁÑÕÉÆÅÒÓ ×ÉÔÈ -ÏÚÁÍÂÉÑÕÅȟ 4ÁÎÚÁÎÉÁȟ ÁÎÄ :ÁÍÂÉÁȢ 4ÈÅ ÒÉÖÅÒÓ 

ÔÈÁÔ ПÌÏ× ÉÎÔÏ ,ÁËÅ -ÁÌÁ×É ПÌÏ× ÏÖÅÒ ÓÅÖÅÒÁÌ ÏÆ ÔÈÅÓÅ ÁÑÕÉÆÅÒÓȟ ÔÈÅÒÅÆÏÒÅ ÔÈÅ ÁÂÓÔÒÁÃÔÉÏÎ 

ÒÁÔÅ ÓÈÏÕÌÄ ÁÌÓÏ ÂÅ ÍÏÎÉÔÏÒÅÄ ÉÎ ÁÌÌ ÎÅÉÇÈÂÏÕÒÉÎÇ ÃÏÕÎÔÒÉÅÓȢ ! ÔÒÁÎÓÂÏÕÎÄÁÒÙ ÄÉÁÇÎÏÓÔÉÃ 

ÁÎÁÌÙÓÉÓ ɉ4$!Ɋ ÓÈÏÕÌÄ ÂÅ ÃÁÒÒÉÅÄ ÏÕÔ ÏÎ ÁÌÌ ÏÆ ÔÈÅ ÁÑÕÉÆÅÒÓ ÓÏ ÔÈÁÔ Á ÓÕÓÔÁÉÎÁÂÌÅ 

ÍÁÎÁÇÅÍÅÎÔ ÐÌÁÎ ÃÁÎ ÂÅ ÄÅÒÉÖÅÄ ÁÎÄ ÔÈÅ ÂÁÓÅПÌÏ× ÃÏÍÐÏÎÅÎÔ ÏÆ -ÁÌÁ×ÉȭÓ ÒÉÖÅÒÓ ÉÓ ÎÏÔ 

ÄÉÍÉÎÉÓÈÅÄȢ 



ψω 
 

 

,ÁËÅ -ÁÌÁ×É ÉÓ Á ÔÒÁÎÓÂÏÕÎÄÁÒÙ ÒÅÓÏÕÒÃÅ ÁÎÄ Á ÃÒÉÔÉÃÁÌ ÅÃÏÎÏÍÉÃȟ ÅÃÏÌÏÇÉÃÁÌȟ ÁÎÄ 

ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÆÁÃÔÏÒ ÆÏÒ ÁÌÌ ÔÈÅ ÎÁÔÉÏÎÓ ÔÈÁÔ ÓÈÁÒÅ ÉÔȢ $ÅÓÐÉÔÅ ÔÈÉÓȟ ÎÏ ÁÇÒÅÅÍÅÎÔ ÏÎ ÈÏ× 

ÔÈÉÓ ÓÈÁÒÉÎÇ ÔÁËÅÓ ÐÌÁÃÅȟ ÏÒ ÉÎÄÅÅÄ Á ÓÕÓÔÁÉÎÁÂÌÅ ÍÁÎÁÇÅÍÅÎÔ ÐÌÁÎȟ ÉÓ ÉÎÅÆÆÅÃÔȢ )Î ÏÒÄÅÒ 

ÆÏÒ ÔÈÅ ÒÅÓÏÕÒÃÅ ÔÏ ÂÅ ÁÖÁÉÌÁÂÌÅ ÔÏ ÁÌÌ ÔÈÒÅÅ ÃÏÕÎÔÒÉÅÓ ÉÎ ÔÈÅ ÆÕÔÕÒÅȟ Á 4$! ÓÈÏÕÌÄ ÂÅ 

ÕÎÄÅÒÔÁËÅÎ ÆÏÒ ÔÈÅ ÌÁËÅȢ 4ÈÉÓ ×ÉÌÌ ÁÌÓÏ ÁÌÌÏ× ÆÏÒ ÔÈÅ ÔÈÒÅÅ ÃÏÕÎÔÒÉÅÓ ÔÏ ×ÏÒË ÔÏ×ÁÒÄÓ 3$' 

φȢ 

2ÅÆÅÒÅÎÃÅÓ 

 
!ÂÁÔÚÏÇÌÏÕȟ *Ȣ4Ȣȟ $ÏÂÒÏ×ÓËÉȟ 3Ȣ:Ȣȟ 0ÁÒËÓȟ 3Ȣ!Ȣȟ Ǫ (ÅÇÅ×ÉÓÃÈȟ +Ȣ#Ȣ ςπρψȢ 4ÅÒÒÁ#ÌÉÍÁÔÅȟ Á 
ÈÉÇÈȤÒÅÓÏÌÕÔÉÏÎ ÇÌÏÂÁÌ ÄÁÔÁÓÅÔ ÏÆ ÍÏÎÔÈÌÙ ÃÌÉÍÁÔÅ ÁÎÄ ÃÌÉÍÁÔÉÃ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÆÒÏÍ 
ρωυψɀςπρυȢ 3ÃÉÅÎÔÉПÉÃ $ÁÔÁȟ υȢ  

!ÃÈÁÒÙÁȟ 3Õ×ÁÓÈ #ÈÁÎÄÒÁȟ 2ÏÒÙ *Ȣ .ÁÔÈÁÎȟ 1Ȣ *Ȣ 7ÁÎÇȟ #ÈÕÎȤ(ÓÕ 3Õ ÁÎÄ .ÁÔÈÁÎ 
%ÉÚÅÎÂÅÒÇȢ ςπρωȢ Ȱ!Î ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÄÁÉÌÙ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÆÒÏÍ Á ÒÅÇÉÏÎÁÌ ÁÔÍÏÓÐÈÅÒÉÃ 
ÒÅÁÎÁÌÙÓÉÓ ÏÖÅÒ !ÕÓÔÒÁÌÉÁȢȱ (ÙÄÒÏÌÏÇÙ ÁÎÄ %ÁÒÔÈ 3ÙÓÔÅÍ 3ÃÉÅÎÃÅÓȢ 

"ÅÃËÅÒȟ 2Ȣ !Ȣȟ #ÈÁÍÂÅÒÓȟ *Ȣ -Ȣ ÁÎÄ 7ÉÌËÓȟ !Ȣ 2Ȣ ɉρωψψɊ 4ÈÅ .Å× 3 ,ÁÎÇÕÁÇÅȢ 7ÁÄÓ×ÏÒÔÈ Ǫ 
"ÒÏÏËÓȾ#ÏÌÅȢ 

"ÈÁÖÅȟ !Ȣ 'Ȣȟ "ÕÌÃÏÃËȟ ,Ȣȟ $ÅÓÓÁÉȟ 3Ȣȟ #ÏÎ×ÁÙȟ $Ȣȟ *Å×ÉÔÔȟ 'Ȣȟ $ÏÕÇÉÌÌȟ !Ȣ *Ȣȟ +ÏÌÕÓÕȟ 3Ȣ 2Ȣȟ Ǫ 
-Ë×ÁÍÂÉÓÉȟ $Ȣ ςπςπȢ ,ÁËÅ -ÁÌÁ×ÉȭÓ ÔÈÒÅÓÈÏÌÄ ÂÅÈÁÖÉÏÕÒȡ ! ÓÔÁËÅÈÏÌÄÅÒȤÉÎÆÏÒÍÅÄ ÍÏÄÅÌ 
ÔÏ ÓÉÍÕÌÁÔÅ ÓÅÎÓÉÔÉÖÉÔÙ ÔÏ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅȢ *ÏÕÒÎÁÌ ÏÆ (ÙÄÒÏÌÏÇÙȟ υψτȟ ρςτφχρȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÊÈÙÄÒÏÌȢςπςπȢρςτφχρ 

"ÈÁÖÅȟ !Ȣ 'Ȣȟ #ÏÎ×ÁÙȟ $Ȣȟ $ÅÓÓÁÉȟ 3Ȣȟ $ÏÕÇÉÌÌȟ !Ȣ *Ȣȟ Ǫ -Ë×ÁÍÂÉÓÉȟ $Ȣ ςπςςȢ 3ÔÒÅÓÓȤÔÅÓÔÉÎÇ 
ÄÅÖÅÌÏÐÍÅÎÔ ÐÁÔÈ×ÁÙÓ ÕÎÄÅÒ Á ÃÈÁÎÇÉÎÇ ÃÌÉÍÁÔÅȡ ×ÁÔÅÒȤÅÎÅÒÇÙȤÆÏÏÄ ÓÅÃÕÒÉÔÙ ÉÎ ÔÈÅ ÌÁËÅ 
-ÁÌÁ×ÉȤ3ÈÉÒÅ ÒÉÖÅÒ ÓÙÓÔÅÍȢ 0ÈÉÌÏÓÏÐÈÉÃÁÌ 4ÒÁÎÓÁÃÔÉÏÎÓ ÏÆ ÔÈÅ 2ÏÙÁÌ 3ÏÃÉÅÔÙ !ȡ 
-ÁÔÈÅÍÁÔÉÃÁÌȟ 0ÈÙÓÉÃÁÌ ÁÎÄ %ÎÇÉÎÅÅÒÉÎÇ 3ÃÉÅÎÃÅÓȟ σψπɉςςςρɊȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωψȾÒÓÔÁȢςπςρȢπρστ 

#ÁÌÄÅÒȟ )Ȣ2Ȣȟ (ÁÌÌȟ 2Ȣ,Ȣȟ "ÁÓÔÁÂÌÅȟ (Ȣ'Ȣȟ 'ÕÎÓÔÏÎȟ (Ȣ-Ȣȟ 3ÈÅÌÁȟ /Ȣȟ #ÈÉÒ×Áȟ !Ȣ ÁÎÄ +ÁÆÕÎÄÕȟ 2Ȣ 
ρωωυȢ Ȭ4ÈÅ ÉÍÐÁÃÔ ÏÆ ÌÁÎÄ ÕÓÅ ÃÈÁÎÇÅ ÏÎ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÉÎ ÓÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁȡ Á 
ÍÏÄÅÌÌÉÎÇ ÓÔÕÄÙ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȭȢ *ÏÕÒÎÁÌ ÏÆ (ÙÄÒÏÌÏÇÙȟ ρχπȟ ÐÐȢ ρςσ ɀ ρσυ  

#ÈÁÖÕÌÁȟ 'Ȣ-Ȣ3Ȣ ςπρςȢ Ȭ-ÁÌÁ×Éȭ ÉÎ 0ÁÖÅÌÉÃ ÅÔ ÁÌȢ ɉÅÄÓɊ 'ÒÏÕÎÄ×ÁÔÅÒ !ÖÁÉÌÁÂÉÌÉÔÙ ÁÎÄ 5ÓÅ ÉÎ 
3ÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁȡ Á ÒÅÖÉÅ× ÏÆ ПÉÆÔÅÅÎ ÃÏÕÎÔÒÉÅÓȟ 3ÒÉ ,ÁÎËÁȟ )ÎÔÅÒÎÁÔÉÏÎÁÌ 7ÁÔÅÒ 
-ÁÎÁÇÅÍÅÎÔ )ÎÓÔÉÔÕÔÅȟ ÐÐȢ χψ ɀ ωπ  

#ÈÉÌÔÏÎȟ 0Ȣ*Ȣ ÁÎÄ 3ÍÉÔÈȤ#ÁÒÉÎÇÔÏÎȟ !Ȣ+Ȣ ρωψτȢ Ȭ#ÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ÔÈÅ ×ÅÁÔÈÅÒÅÄ ÂÁÓÅÍÅÎÔ 
ÁÑÕÉÆÅÒ ÉÎ -ÁÌÁ×É ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÒÕÒÁÌ ×ÁÔÅÒ ÓÕÐÐÌÉÅÓȭȢ )!(3 0ÒÅÓÓȟ ÐÐȢ υχ ɀ φυ  

#ÌÅÖÅÌÁÎÄȟ 7Ȣ3Ȣȟ 'ÒÏÓÓÅȟ %Ȣȟ Ǫ 3ÈÙÕȟ 7Ȣ-Ȣ ρωωςȢ ,ÏÃÁÌ 2ÅÇÒÅÓÓÉÏÎ -ÏÄÅÌÓȢɯ2ÏÕÔÌÅÄÇÅȢ 
ωχψπςπσχσψυσυ 

#ÌÅÖÅÌÁÎÄȟ 7Ȣ 3Ȣ ÁÎÄ $ÅÖÌÉÎȟ 3Ȣ *Ȣ ρωψψȢ ,ÏÃÁÌÌÙ ×ÅÉÇÈÔÅÄ ÒÅÇÒÅÓÓÉÏÎȡ !Î ÁÐÐÒÏÁÃÈ ÔÏ 
ÒÅÇÒÅÓÓÉÏÎ ÁÎÁÌÙÓÉÓ ÂÙ ÌÏÃÁÌ ПÉÔÔÉÎÇȢ *ÏÕÒÎÁÌ ÏÆ ÔÈÅ !ÍÅÒÉÃÁÎ 3ÔÁÔÉÓÔÉÃÁÌ !ÓÓÏÃÉÁÔÉÏÎȟ 
ψσȡυωφɀφρπ 



ωπ 
 

#ÏÏÌÅÙȟ *ÁÍÅÓ 7Ȣȟ ÁÎÄ 4ÕËÅÙȟ *ÏÈÎ 7Ȣ ρωφυȢ !Î ÁÌÇÏÒÉÔÈÍ ÆÏÒ ÔÈÅ ÍÁÃÈÉÎÅ ÃÁÌÃÕÌÁÔÉÏÎ ÏÆ 
ÃÏÍÐÌÅØ &ÏÕÒÉÅÒ ÓÅÒÉÅÓȟ -ÁÔÈÅÍÁÔÉÃÓ ÏÆ #ÏÍÐÕÔÁÔÉÏÎȟ ρωɉωπɊȟ ςωχȤȤσπρȢ 
ρπȢςσπχȾςππσσυτȢ 

$ÒÁÙÔÏÎȟ 2Ȣ3Ȣ ρωψτȢ Ȭ6ÁÒÉÁÔÉÏÎÓ ÉÎ ÔÈÅ ÌÅÖÅÌ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȭȢ (ÙÄÒÏÌÏÇÉÃÁÌ 3ÃÉÅÎÃÅÓ 
*ÏÕÒÎÁÌȟ ςω ɉρɊȟ ÐÐȢ ρ ɀ ρς  

&ÒÁÓÅÒȟ #Ȣ-Ȣȟ +ÁÌÉÎȟ 2Ȣ-Ȣȟ +ÁÎÊÁÙÅȟ -Ȣ ÁÎÄ 5ËÁȟ :Ȣ ςπςπȢ Ȭ! .ÁÔÉÏÎÁÌ "ÏÒÄÅÒȤ"ÁÓÅÄ 
!ÓÓÅÓÓÍÅÎÔ ÏÆ -ÁÌÁ×ÉȭÓ 4ÒÁÎÓÂÏÕÎÄÁÒÙ !ÑÕÉÆÅÒ 5ÎÉÔÓȡ 4Ï×ÁÒÄÓ !ÃÈÉÅÖÉÎÇ 3ÕÓÔÁÉÎÁÂÌÅ 
$ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌ φȢυȢςȭȢ *ÏÕÒÎÁÌ ÏÆ (ÙÄÒÏÌÏÇÙȡ 2ÅÇÉÏÎÁÌ 3ÔÕÄÉÅÓȢ )Î ÓÕÂÍÉÓÓÉÏÎ πρȾςπ 

&ÒÁÓÅÒȟ #Ȣ-Ȣȟ +ÁÌÉÎȟ 2Ȣ-Ȣȟ 2ÉÖÅÔÔȟ -Ȣ/Ȣȟ .ËÈÁÔÁȟ -Ȣ ÁÎÄ +ÁÎÊÁÙÅȟ -Ȣ ςπρψȢ Ȭ! ÎÁÔÉÏÎÁÌ 
ÁÐÐÒÏÁÃÈ ÔÏ ÓÙÓÔÅÍÁÔÉÃ ÔÒÁÎÓÂÏÕÎÄÁÒÙ ÁÑÕÉÆÅÒ ÁÓÓÅÓÓÍÅÎÔ ÁÎÄ ÃÏÎÃÅÐÔÕÁÌÉÓÁÔÉÏÎ ÁÔ 
ÒÅÌÅÖÁÎÔ ÓÃÁÌÅÓȡ ! -ÁÌÁ×É ÃÁÓÅ ÓÔÕÄÙȭȢ *ÏÕÒÎÁÌ ÏÆ (ÙÄÒÏÌÏÇÙȡ 2ÅÇÉÏÎÁÌ 3ÔÕÄÉÅÓȟ ςπȟ ÐÐȢ συ 
ɀ σψ 

'ÉÂÓÏÎȟ &ÁÂÉÁÎÏ Ǫ 4ÈÕÌÕȟ &ÁÂÉÁÎÏ Ǫ +ÁÔÅÎÇÅÚÁȟ 7ÁÌÕÓÕÎÇÕ Ǫ -ËÁÎÄÁ×ÉÒÅȟ -ÁÌÁÚÉȢ 
ɉςπρχɊȢ 2ÁÉÎÆÁÌÌ 4ÒÅÎÄÓ ÆÏÒ %Ì .ÉÎǿÏ 3ÅÁÓÏÎÓ ÏÖÅÒ -ÁÌÁ×É ÆÒÏÍ ρωχπ ÔÏ ςπρφ ÁÎÄ ÉÔÓ 
)ÍÐÁÃÔ ÏÎ #ÒÏÐ 9ÉÅÌÄ ÁÎÄ (ÙÄÒÏÐÏ×ÅÒ 'ÅÎÅÒÁÔÉÏÎȢ ρπȢρσρτπȾ2'ȢςȢςȢρτστρȢρωφψωȢ 

'ÏÒÅÌÉÃËȟ .Ȣȟ (ÁÎÃÈÅÒȟ -Ȣȟ $ÉØÏÎȟ -Ȣȟ )ÌÙÕÓÈÃÈÅÎËÏȟ 3Ȣȟ 4ÈÁÕȟ $Ȣȟ Ǫ -ÏÏÒÅȟ 2Ȣ ςπρχȢ 'ÏÏÇÌÅ 
%ÁÒÔÈ %ÎÇÉÎÅȡ 0ÌÁÎÅÔÁÒÙȤÓÃÁÌÅ ÇÅÏÓÐÁÔÉÁÌ ÁÎÁÌÙÓÉÓ ÆÏÒ ÅÖÅÒÙÏÎÅȢ 2ÅÍÏÔÅ 3ÅÎÓÉÎÇ ÏÆ 
%ÎÖÉÒÏÎÍÅÎÔȢ 

'ÕÐÔÁȟ (ÏÓÈÉÎ 6ÉÊÁÉȟ (ÁÒÁÌÄ +ÌÉÎÇȟ +ÏÒÁÙ +Ȣ 9ÉÌÍÁÚ ÁÎÄ 'ÕÉÌÌÅÒÍÏ &Ȣ -ÁÒÔÉÎÅÚȢ ςππωȢ 
Ȱ$ÅÃÏÍÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÍÅÁÎ ÓÑÕÁÒÅÄ ÅÒÒÏÒ ÁÎÄ .3% ÐÅÒÆÏÒÍÁÎÃÅ ÃÒÉÔÅÒÉÁȡ )ÍÐÌÉÃÁÔÉÏÎÓ 
ÆÏÒ ÉÍÐÒÏÖÉÎÇ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇȢȱ *ÏÕÒÎÁÌ ÏÆ (ÙÄÒÏÌÏÇÙ σχχȡ ψπȤωρȢ  

(ÅÁÌÙȟ 2Ȣ7Ȣȟ 7ÉÎÔÅÒȟ 4Ȣ#Ȣȟ ,Á"ÁÕÇÈȟ *Ȣ7Ȣ ÁÎÄ &ÒÁÎËÅȟ /Ȣ,Ȣ ςππχȢ 7ÁÔÅÒ "ÕÄÇÅÔÓȡ 
&ÏÕÎÄÁÔÉÏÎÓ ÆÏÒ %ÆÆÅÃÔÉÖÅ 7ÁÔÅÒȤ2ÅÓÏÕÒÃÅÓ ÁÎÄ %ÎÖÉÒÏÎÍÅÎÔÁÌ -ÁÎÁÇÅÍÅÎÔȢ 53 
'ÅÏÌÏÇÉÃÁÌ 3ÕÒÖÅÙȟ 6ÉÒÇÉÎÉÁȟ 53! 

+ÅÌÌÙȟ ,Ȣȟ "ÅÒÔÒÁÍȟ $Ȣȟ +ÁÌÉÎȟ 2Ȣȟ .ÇÏÎÇÏÎÄÏȟ #Ȣ ÁÎÄ 3ÉÂÁÎÄÅȟ (Ȣ ςπςπȢ Ȭ! .ÁÔÉÏÎÁÌ 3ÃÁÌÅ 
!ÓÓÅÓÓÍÅÎÔ ÏÆ 4ÅÍÐÏÒÁÌ 6ÁÒÉÁÔÉÏÎÓ ÉÎ 'ÒÏÕÎÄ×ÁÔÅÒ $ÉÓÃÈÁÒÇÅ ÔÏ 2ÉÖÅÒÓȡ -ÁÌÁ×ÉȭȢ 
!ÍÅÒÉÃÁÎ *ÏÕÒÎÁÌ ÏÆ 7ÁÔÅÒ 3ÃÉÅÎÃÅ ÁÎÄ %ÎÇÉÎÅÅÒÉÎÇȟ φ ɉρɊȟ ÐÐȢ σω ɀ τω  

+ÅÌÌÙȟ ,Ȣȟ +ÁÌÉÎȟ 2Ȣ-Ȣȟ "ÅÔÒÁÍȟ $Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ .ËÈÁÔÁȟ -Ȣ ÁÎÄ 3ÉÂÁÎÄÅȟ (Ȣ ςπρωȢ 
1ÕÁÎÔÉПÉÃÁÔÉÏÎ ÏÆ 4ÅÍÐÏÒÁÌ 6ÁÒÉÁÔÉÏÎÓ ÉÎ "ÁÓÅПÌÏ× )ÎÄÅØ 5ÓÉÎÇ 3ÐÏÒÁÄÉÃ 2ÉÖÅÒ $ÁÔÁȡ 
!ÐÐÌÉÃÁÔÉÏÎ ÔÏ ÔÈÅ "ÕÁ #ÁÔÃÈÍÅÎÔȟ -ÁÌÁ×ÉȢ 7ÁÔÅÒȟ ρρ ɉυɊȟ ωπρ ɀ ωρψ  

+ÉÄÄȟ #Ȣ(Ȣ2Ȣ ρωψσȢ ! ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ,ÁËÅ -ÁÌÁ×É ÁÎÄ ÔÈÅ 3ÈÉÒÅ ÒÉÖÅÒȢ 
7ÏÒÌÄ -ÅÔÅÏÌÏÇÉÃÁÌ /ÒÇÁÎÉÚÁÔÉÏÎȟ 'ÅÎÅÖÁȢ 

+ÎÏÂÅÎȟ 7Ȣ *Ȣ -Ȣȟ &ÒÅÅÒȟ *Ȣ %Ȣ ȟ Ǫ 7ÏÏÄÓȟ 2Ȣ ςπρωȢ 4ÅÃÈÎÉÃÁÌ ÎÏÔÅȡ )ÎÈÅÒÅÎÔ ÂÅÎÃÈÍÁÒË ÏÒ 
ÎÏÔȩ #ÏÍÐÁÒÉÎÇ .ÁÓÈȤ3ÕÔÃÌÉÆÆÅ ÁÎÄ +ÌÉÎÇ'ÕÐÔÁ ÅÆПÉÃÉÅÎÃÙ ÓÃÏÒÅÓȢ (ÙÄÒÏÌÏÇÙ ÁÎÄ %ÁÒÔÈ 
3ÙÓÔÅÍ 3ÃÉÅÎÃÅÓȟ ςσȟ τσςσɀτσσρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢυρωτȾÈÅÓÓȤςσȤτσςσȤςπρω 

+ÕÍÁÍÂÁÌÁȢ ςπρπȢ Ȭ3ÕÓÔÁÉÎÁÂÉÌÉÔÙ ÏÆ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ $ÅÖÅÌÏÐÍÅÎÔ ÆÏÒ -ÁÌÁ×É ×ÉÔÈ 
0ÁÒÔÉÃÕÌÁÒ ÅÍÐÈÁÓÉÓ ÏÎ .ÏÒÔÈ ÁÎÄ #ÅÎÔÒÁÌ -ÁÌÁ×ÉȭȢ 5ÎÐÕÂÌÉÓÈÅÄ 0È$ ÔÈÅÉÓȢ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 
'ÌÁÓÇÏ×  

+ÕÍÁÍÂÁÌÁȟ 0Ȣ'Ȣ ÁÎÄ %ÒÖÉÎÅȟ !Ȣ ςπρπȢ Ȭ7ÁÔÅÒ "ÁÌÁÎÃÅ -ÏÄÅÌ ÏÆ ,ÁËÅ -ÁÌÁ×É ÁÎÄ ÉÔÓ 
3ÅÎÓÉÔÉÖÉÔÙ ÔÏ #ÌÉÍÁÔÅ #ÈÁÎÇÅȭȢ 4ÈÅ /ÐÅÎ (ÙÄÒÏÌÏÇÙ *ÏÕÒÎÁÌȟ τȟ ÐÐȢ ρυς ɀ ρφς 

(ÉÎÔÏÎȟ 2Ȣ 'Ȣ +Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ *Ȣ !Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣȟ 7ÁÎÁÎÇ×Áȟ 'Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ -ÂÁÌÁÍÅȟ %Ȣȟ 
-ÌÅÔÁȟ 0Ȣȟ (ÁÒÁ×Áȟ +Ȣȟ +ÕÍ×ÅÎÄÁȟ 3Ȣȟ Ǫ +ÁÌÉÎȟ 2Ȣ -Ȣ ςπςρȢ &ÁÃÔÏÒÓ )ÎПÌÕÅÎÃÉÎÇ ÔÈÅ 



ωρ 
 

!×ÁÒÅÎÅÓÓ ÁÎÄ !ÄÏÐÔÉÏÎ ÏÆ "ÏÒÅÈÏÌÅȤ'ÁÒÄÅÎ 0ÅÒÍÁÃÕÌÔÕÒÅ ÉÎ -ÁÌÁ×Éȡ ,ÅÓÓÏÎÓ ÆÏÒ ÔÈÅ 
0ÒÏÍÏÔÉÏÎ ÏÆ 3ÕÓÔÁÉÎÁÂÌÅ 0ÒÁÃÔÉÃÅÓȢ 3ÕÓÔÁÉÎÁÂÉÌÉÔÙȟ ρσȟ ρςρωφȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ ρωωχȢ %ÓÔÉÍÁÔÅÓ ÏÆ 2ÏÏÔȤ-ÅÁÎȤ3ÑÕÁÒÅ 2ÁÎÄÏÍ %ÒÒÏÒ ÆÏÒ &ÉÎÉÔÅ 3ÁÍÐÌÅÓ ÏÆ 
%ÓÔÉÍÁÔÅÄ 0ÒÅÃÉÐÉÔÁÔÉÏÎȟ *Ȣ !ÐÐÌȢ -ÅÔÅÏÒȢȟ ρρωρȤρςπρȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ ςπρςȢ !ÌÇÏÒÉÔÈÍ 4ÈÅÏÒÅÔÉÃÁÌ "ÁÓÉÓ $ÏÃÕÍÅÎÔ ɉ!4"$Ɋ 6ÅÒÓÉÏÎ σȢπ ÆÏÒ ÔÈÅ 
.!3! 'ÌÏÂÁÌ 0ÒÅÃÉÐÉÔÁÔÉÏÎ -ÅÁÓÕÒÅÍÅÎÔ ɉ'0-Ɋ )ÎÔÅÇÒÁÔÅÄ -ÕÌÔÉȤÓÁÔÅÌÌÉÔ% 2ÅÔÒÉÅÖÁÌÓ ÆÏÒ 
'0- ɉ)Ȥ-%2'ɊȢ '0- 0ÒÏÊÅÃÔȟ 'ÒÅÅÎÂÅÌÔȟ -$ȟ ςω ÐÐȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ 2Ȣ&Ȣ !ÄÌÅÒȟ "Ȣ 2ÕÄÏÌÐÈȟ 5Ȣ 3ÃÈÎÅÉÄÅÒȟ ÁÎÄ 0Ȣ +ÅÅÈÎȟ ρωωυȢ 'ÌÏÂÁÌ 
0ÒÅÃÉÐÉÔÁÔÉÏÎ %ÓÔÉÍÁÔÅÓ "ÁÓÅÄ ÏÎ Á 4ÅÃÈÎÉÑÕÅ ÆÏÒ #ÏÍÂÉÎÉÎÇ 3ÁÔÅÌÌÉÔÅȤ"ÁÓÅÄ %ÓÔÉÍÁÔÅÓȟ 
2ÁÉÎ 'ÁÕÇÅ !ÎÁÌÙÓÉÓȟ ÁÎÄ .70 -ÏÄÅÌ 0ÒÅÃÉÐÉÔÁÔÉÏÎ )ÎÆÏÒÍÁÔÉÏÎȟ *Ȣ #ÌÉÍȢȟ ψȟ ρςψτȤρςωυȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ 2Ȣ&Ȣ !ÄÌÅÒȟ $Ȣ4Ȣ "ÏÌÖÉÎȟ 'Ȣ 'Õȟ %Ȣ*Ȣ .ÅÌËÉÎȟ +Ȣ0Ȣ "Ï×ÍÁÎȟ 9Ȣ (ÏÎÇȟ %Ȣ&Ȣ 
3ÔÏÃËÅÒȟ $Ȣ"Ȣ 7ÏÌÆÆȢ ςππχȢ 4ÈÅ 42-- -ÕÌÔÉȤÓÁÔÅÌÌÉÔÅ 0ÒÅÃÉÐÉÔÁÔÉÏÎ !ÎÁÌÙÓÉÓȡ 1ÕÁÓÉȤ'ÌÏÂÁÌȟ 
-ÕÌÔÉȤ9ÅÁÒȟ #ÏÍÂÉÎÅÄȤ3ÅÎÓÏÒ 0ÒÅÃÉÐÉÔÁÔÉÏÎ %ÓÔÉÍÁÔÅÓ ÁÔ &ÉÎÅ 3ÃÁÌÅȢ *Ȣ (ÙÄÒÏÍÅÔÅÏÒȢȟ 
ψɉρɊȟ σψȤυυȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ 2Ȣ&Ȣ !ÄÌÅÒȟ -Ȣ -ÏÒÒÉÓÓÅÙȟ $Ȣ4Ȣ "ÏÌÖÉÎȟ 3Ȣ #ÕÒÔÉÓȟ 2Ȣ *ÏÙÃÅȟ " -Ã'ÁÖÏÃËȟ *Ȣ 
3ÕÓÓËÉÎÄȟ ςππρȡ 'ÌÏÂÁÌ 0ÒÅÃÉÐÉÔÁÔÉÏÎ ÁÔ /ÎÅȤ$ÅÇÒÅÅ $ÁÉÌÙ 2ÅÓÏÌÕÔÉÏÎ ÆÒÏÍ -ÕÌÔÉȤ3ÁÔÅÌÌÉÔÅ 
/ÂÓÅÒÖÁÔÉÏÎÓȢ *Ȣ (ÙÄÒÏÍÅÔÅÏÒȢȟ ςɉρɊȟ σφȤυπȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ 2Ȣ&Ȣ !ÄÌÅÒȟ 0Ȣ !ÒËÉÎȟ !Ȣ #ÈÁÎÇȟ 2Ȣ &ÅÒÒÁÒÏȟ !Ȣ 'ÒÕÂÅÒȟ *Ȣ *ÁÎÏ×ÉÁËȟ !Ȣ -Ã.ÁÂȟ 
"Ȣ 2ÕÄÏÌÐÈȟ ÁÎÄ 5Ȣ 3ÃÈÎÅÉÄÅÒȟ ρωωχȡ 4ÈÅ 'ÌÏÂÁÌ 0ÒÅÃÉÐÉÔÁÔÉÏÎ #ÌÉÍÁÔÏÌÏÇÙ 0ÒÏÊÅÃÔ ɉ'0#0Ɋ 
#ÏÍÂÉÎÅÄ 0ÒÅÃÉÐÉÔÁÔÉÏÎ $ÁÔÁÓÅÔȟ "ÕÌȢ !ÍÅÒȢ -ÅÔÅÏÒȢ 3ÏÃȢȟ χψȟ υȤςπȢ 

+ÁÌÉÎȟ 2Ȣ-Ȣȟ -ÌÅÔÁȟ 0Ȣȟ !ÄÄÉÓÏÎȟ -Ȣ*Ȣȟ "ÁÎÄÁȟ ,Ȣ#Ȣȟ "ÕÔÁÏȟ :Ȣȟ .ËÈÁÔÁȟ -Ȣȟ 2ÉÖÅÔÔȟ -Ȣ/Ȣȟ 
-ÌÏÍÂÁȟ 0Ȣȟ 0ÈÉÒÉȟ /Ȣȟ -ÁÍÂÕÌÕȟ *ȟ 0ÈÉÒÉȟ /Ȣ#Ȣȟ +ÁÍÂÕËÕȟ $Ȣ$Ȣȟ -ÁÎÄÁȟ *Ȣȟ '×ÅÄÅÚÁȟ !Ȣȟ 
(ÉÎÔÏÎȟ 2Ȣ ςπςςȢ (ÙÄÒÏÇÅÏÌÏÇÙ ÁÎÄ 'ÒÏÕÎÄ×ÁÔÅÒ 1ÕÁÌÉÔÙ !ÔÌÁÓ ÏÆ -ÁÌÁ×Éȟ "ÕÌÌÅÔÉÎȟ 
-ÉÎÉÓÔÒÙ ÏÆ 7ÁÔÅÒ ÁÎÄ 3ÁÎÉÔÁÔÉÏÎȟ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ )3". ωχψȤρȤωρυυπωȤππȤπ 
ρυρÐÐ 

-ÏÎÊÅÒÅÚÉȟ -Ȣ ÁÎÄ .ÇÏÎÇÏÎÄÏȟ #Ȣ ςπρςȢ Ȭ1ÕÁÌÉÔÙ ÏÆ 'ÒÏÕÎÄ×ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ ÉÎ 
#ÈÉËÈ×Á×Áȟ ,Ï×ÅÒ 3ÈÉÒÅ 6ÁÌÌÅÙȟ -ÁÌÁ×ÉȭȢ 7ÁÔÅÒ 1ÕÁÌÉÔÙ %ØÐÏÓÕÒÅ ÁÎÄ (ÅÁÌÔÈȟ τ ɉρɊȟ ÐÐȢ 
σω ɀ υσ  

-ÕËÈÅÒÊÅÅȟ !Ȣ "ÈÁÎÊÁȟ 3Ȣ.Ȣ ÁÎÄ 7ÁÄÁȟ 9Ȣ ςπρψȢ Ȭ'ÒÏÕÎÄ×ÁÔÅÒ ÄÅÐÌÅÔÉÏÎ ÃÁÕÓÉÎÇ ÒÅÄÕÃÔÉÏÎ 
ÏÆ ÂÁÓÅПÌÏ× ÔÒÉÇÇÅÒÉÎÇ 'ÁÎÇÅÓ ÒÉÖÅÒ ÓÕÍÍÅÒ ÄÒÙÉÎÇȭȢ 3ÃÉÅÎÔÉПÉÃ ÒÅÐÏÒÔÓȟ ψ ɉρɊȟ ÐÐ ρ ɀ ω 

.ÁÔÉÏÎÁÌ (ÙÄÒÏÇÅÏÌÏÇÉÃÁÌ !ÔÌÁÓȢ ςπρψȢ -ÁÌÁ×É (ÙÄÒÏÇÅÏÌÏÇÉÃÁÌ ÁÎÄ 7ÁÔÅÒ 1ÕÁÌÉÔÙ !ÔÌÁÓȢ 

.ÅÕÌÁÎÄȟ (Ȣ ρωψτȢ Ȭ!ÂÎÏÒÍÁÌ (ÉÇÈ 7ÁÔÅÒ ,ÅÖÅÌÓ ÏÆ ,ÁËÅ -ÁÌÁ×Éȩ ɀ !Î ÁÔÔÅÍÐÔ ÔÏ ÁÓÓÅÓÓ 
ÔÈÅ ÆÕÔÕÒÅ ÂÅÈÁÖÉÏÕÒ ÏÆ ÔÈÅ ÌÁËÅ ×ÁÔÅÒ ÌÅÖÅÌÓȭȢ 'ÅÏ*ÏÕÒÎÁÌȟ ωȟ ÐÐȢ σςσ ɀ σστ  

.ÉÃÈÏÌÓÅÎȟ 3Ȣ%Ȣ ÁÎÄ %ÎÔÅËÈÁÂÉȟ $Ȣ ρωψφȢ Ȭ4ÈÅ 1ÕÁÓÉȤ0ÅÒÉÏÄÉÃ "ÅÈÁÖÉÏÒ ÏÆ 2ÁÉÎÆÁÌÌ 
6ÁÒÉÁÂÉÌÉÔÙ ÉÎ !ÆÒÉÃÁ ÁÎÄ )ÔÓ ÒÅÌÁÔÉÏÎ ÔÏ ÔÈÅ 3ÏÕÔÈÅÒÎ /ÓÃÉÌÌÁÔÉÏÎȭȢ !ÒÃÈÉÖÅÓ ÆÏÒ 
ÍÅÔÅÏÒÏÌÏÇÙȟ ÇÅÏÐÈÙÓÉÃÓȟ ÁÎÄ ÂÉÏÃÌÉÍÁÔÏÌÏÇÙȟ 3ÅÒÉÅÓ !ȟ στȟ ÐÐȢ σρρ ɀ στψ  

0ÉËÅȟ *Ȣ 'Ȣ ÁÎÄ 2ÉÍÍÉÎÇÔÏÎȟ 'Ȣ4Ȣ ρωφυȢ -ÁÌÁ×Éȡ Á ÇÅÏÇÒÁÐÈÉÃÁÌ ÓÔÕÄÙȢ ,ÏÎÄÏÎȟ /ØÆÏÒÄ 
5ÎÉÖÅÒÓÉÔÙ 0ÒÅÓÓ 

2 #ÏÒÅ 4ÅÁÍȢ ςπςτȢ 2ȡ ! ,ÁÎÇÕÁÇÅ ÁÎÄ %ÎÖÉÒÏÎÍÅÎÔ ÆÏÒ 3ÔÁÔÉÓÔÉÃÁÌ #ÏÍÐÕÔÉÎÇȟ 2 
&ÏÕÎÄÁÔÉÏÎ ÆÏÒ 3ÔÁÔÉÓÔÉÃÁÌ #ÏÍÐÕÔÉÎÇȡ 6ÉÅÎÎÁȟ !ÕÓÔÒÉÁȟ ςπρσȢ !ÖÁÉÌÁÂÌÅ ÏÎÌÉÎÅȡ 
ÈÔÔÐȡȾȾ×××Ȣ2ȤÐÒÏÊÅÃÔȢÏÒÇȾ ɉ!ÃÃÅÓÓÅÄ ςτ !ÐÒÉÌ ςπςτɊȢ 



ως 
 

2ÉÖÅÔÔȟ -Ȣ/Ȣȟ "ÕÄÉÍÉÒȟ ,Ȣȟ -ÁÎÎÉØȟ .Ȣȟ -ÉÌÌÅÒȟ !Ȣ 6Ȣ-Ȣȟ !ÄÄÉÓÏÎȟ -Ȣȟ -ÏÙÏȟ 0Ȣȟ 7ÁÎÁÎÇ×Áȟ 'Ȣ 
*Ȣȟ 0ÈÉÒÉȟ /Ȣ ,Ȣ ÁÎÄ 3ÏÎÇÏÌÁȟ #Ȣ %Ȣȟ .ÈÌÅÍÁȟ -Ȣȟ 4ÈÏÍÁÓȟ -Ȣ !Ȣ3Ȣȟ 0ÏÌÍÁÎÔÅÅÒȟ 2Ȣ 4Ȣȟ "ÏÒÇÅȟ ! 
ÁÎÄ +ÁÌÉÎȟ 2Ȣ -Ȣ ςπρψȢ Ȭ2ÅÓÐÏÎÄÉÎÇ ÔÏ ÓÁÌÉÎÉÔÙ ÉÎ Á ÒÕÒÁÌ !ÆÒÉÃÁÎ ÁÌÌÕÖÉÁÌ ÖÁÌÌÅÙ ÁÑÕÉÆÅÒ 
ÓÙÓÔÅÍȡ ÔÏ ÂÏÌÄÌÙ ÇÏ ÂÅÙÏÎÄ ÔÈÅ ×ÏÒÌÄ ÏÆ ÈÁÎÄȤÐÕÍÐÅÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÕÐÐÌÙȩȭ 3ÃÉÅÎÃÅ ÏÆ 
ÔÈÅ 4ÏÔÁÌ %ÎÖÉÒÏÎÍÅÎÔȟ φυσȢ ÐÐȢ ρππυ ɀρπςτ 

2ÏÂÉÎÓȟ .Ȣȟ $ÁÖÉÅÓȟ *Ȣȟ &ÁÒÒȟ *Ȣ ςπρσȢ Ȭ'ÒÏÕÎÄ×ÁÔÅÒ ÓÕÐÐÌÙ ÁÎÄ ÄÅÍÁÎÄ ÆÒÏÍ ÓÏÕÔÈÅÒÎ 
!ÆÒÉÃÁȭÓ ÃÒÙÓÔÁÌÌÉÎÅ ÂÁÓÅÍÅÎÔ ÁÑÕÉÆÅÒȡ ÅÖÉÄÅÎÃÅ ÆÒÏÍ -ÁÌÁ×ÉȭȢ (ÙÄÒÏÇÅÏÌÏÇÙ *ÏÕÒÎÁÌȟ ςρȟ 
ÐÐȢ ωπυ ɀ ωρχ  

3ÁÚÉÂȟ .Ȣȟ -ÌÁÄÅÎÏÖÁȟ ,Ȣ %Ȣȟ Ǫ "ÏÌÔÅÎȟ *Ȣ $Ȣ ɉςπςπɊȢ !ÓÓÅÓÓÉÎÇ ÔÈÅ )ÍÐÁÃÔ ÏÆ %.3/ ÏÎ 
!ÇÒÉÃÕÌÔÕÒÅ /ÖÅÒ !ÆÒÉÃÁ 5ÓÉÎÇ %ÁÒÔÈ /ÂÓÅÒÖÁÔÉÏÎ $ÁÔÁȢ &ÒÏÎÔÉÅÒÓ ÉÎ 3ÕÓÔÁÉÎÁÂÌÅ &ÏÏÄ 
3ÙÓÔÅÍÓȟ τȟ υπωωρτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσψωȾÆÓÕÆÓȢςπςπȢυπωωρτ 

3ÃÈÏÖÅȟ $Ȣ*Ȣ ρωυυȢ Ȭ4ÈÅ ÓÕÎÓÐÏÔ ÃÙÃÌÅȟ φτω "Ȣ#Ȣ ÔÏ !Ȣ$Ȣ ςπππȭȢ *ÏÕÒÎÁÌ ÏÆ 'ÅÏÐÈÙÓÉÃÁÌ 
2ÅÓÅÁÒÃÈȟ φπ ɉςɊȟ ÐÐȢ ρςχ ɀ ρτφ  

3ÅÎÅȟ +Ȣȟ 0ÉÐÅÒȟ "Ȣȟ 7ÙËÅÎÈÁÍȟ $Ȣȟ -Ã3×ÅÅÎÅÙȟ 2Ȣ4Ȣȟ 4ÙÃÈȟ 7Ȣ ÁÎÄ "ÅÖÅÎȟ +Ȣ ςπρχȢ Ȭ,ÏÎÇȤ
ÔÅÒÍ ÖÁÒÉÁÔÉÏÎÓ ÉÎ ÔÈÅ ÎÅÔ ÉÎПÌÏ× ÒÅÃÏÒÄ ÆÏÒ ,ÁËÅ -ÁÌÁ×ÉȭȢ (ÙÄÒÏÌÏÇÙ 2ÅÓÅÁÒÃÈȟ τψ ɉσɊȟ 
ÐÐȢ ψυρ ɀ ψφφ  

3ÉÎÇÌÅÔÏÎȟ 2Ȣ #Ȣ ρωχωȢ -ÉØÅÄ 2ÁÄÉØ &ÁÓÔ &ÏÕÒÉÅÒ 4ÒÁÎÓÆÏÒÍÓȟ ÉÎ 0ÒÏÇÒÁÍÓ ÆÏÒ $ÉÇÉÔÁÌ 
3ÉÇÎÁÌ 0ÒÏÃÅÓÓÉÎÇȟ )%%% $ÉÇÉÔÁÌ 3ÉÇÎÁÌ 0ÒÏÃÅÓÓÉÎÇ #ÏÍÍÉÔÔÅÅ ÅÄÓȢ )%%% 0ÒÅÓÓȢ 

3ÍÉÔÈȤ#ÁÒÉÎÇÔÏÎȟ !Ȣ+Ȣ ÁÎÄ #ÈÉÌÔÏÎȟ 0Ȣ*Ȣ ρωψσȢ Ȭ'ÒÏÕÎÄ×ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ ÏÆ -ÁÌÁ×ÉȭȢ 
/ÖÅÒÓÅÁÓ $ÅÖÅÌÏÐÍÅÎÔ !ÄÍÉÎÉÓÔÁÔÉÏÎ )ÎÓÔÉÔÕÔÅ ÏÆ 'ÅÏÌÏÇÉÃÁÌ 3ÃÉÅÎÅÃÓȢ 2ÅÐÕÂÌÉÃ ÏÆ 
-ÁÌÁ×Éȟ $ÅÐÁÒÔÍÅÎÔ ÏÆ ,ÁÎÄÓȟ 6ÁÌÕÁÔÉÏÎ ÁÎÄ 7ÁÔÅÒȢ 2ÅÐÕÂÌÉÃ ÏÆ -ÁÌÁ×ÉȢ !ÖÁÉÌÁÂÌÅ ÁÔȡ 
ÈÔÔÐÓȡȾȾ×××ȢÉÒÃ×ÁÓÈȢÏÒÇȾÓÉÔÅÓȾÄÅÆÁÕÌÔȾПÉÌÅÓȾψςτ-7ψσȤτπςρȢÐÄÆ ɉ!ÃÃÅÓÓÅÄȡ πω !ÕÇÕÓÔ 
ςπςπɊ 

4ÕÄÈÏÐÅȟ !Ȣ 7Ȣȟ #ÈÉÌÃÏÔÔȟ #Ȣ0Ȣȟ -Ã#ÕÌÌÏÃÈȟ -Ȣ4Ȣȟ #ÏÏËȟ %Ȣ2Ȣȟ #ÈÁÐÐÅÌÌȟ *Ȣȟ %ÌÌÁÍȟ %Ȣ-Ȣȟ ,ÅÁȟ 
$Ȣ7Ȣȟ ,ÏÕÇÈȟ *Ȣ- ÁÎÄ 3ÈÉÍÍÉÅÌÄȟ 'Ȣ"Ȣ ςππρȢ Ȭ6ÁÒÉÁÂÉÌÉÔÙ ÉÎ ÔÈÅ %Ì .ÉÎǿÏȤ3ÏÕÔÈÅÒÎ 
/ÓÃÉÌÌÁÔÉÏÎ 4ÈÒÏÕÇÈ Á 'ÌÁÃÉÁÌȤ)ÎÔÅÒÇÌÁÃÉÁÌ #ÙÃÌÅȭȢ 3#)%.#%ȟ ςωρȟ ÐÐȢ ρυρρ ɀ ρυρχ  

6ÅÒÓÆÅÌÔȟ *Ȣ ÁÎÄ 2ÏÓÅÎÄÁÈÌȟ "Ȣ2Ȣ ρωψωȢ Ȭ2ÅÌÁÔÉÏÎÓÈÉÐÓ ÂÅÔ×ÅÅÎ ÐÒÅȤÒÉÆÔ ÓÔÒÕÃÔÕÒÅ ÁÎÄ ÒÉÆÔ 
ÁÒÃÈÉÔÅÃÔÕÒÅ ÉÎ ,ÁËÅÓ 4ÁÎÇÁÎÙÉËÁ ÁÎÄ -ÁÌÁ×Éȟ %ÁÓÔ !ÆÒÉÃÁȭȢ .ÁÔÕÒÅȟ σσχȟ ÐÐȢ συτ ɀ συχ  

7ÉÌËÉÎÓÏÎȟ 'Ȣ .Ȣ ÁÎÄ 2ÏÇÅÒÓȟ #Ȣ %Ȣ ρωχσȢ 3ÙÍÂÏÌÉÃ ÄÅÓÃÒÉÐÔÉÏÎÓ ÏÆ ÆÁÃÔÏÒÉÁÌ ÍÏÄÅÌÓ ÆÏÒ 
ÁÎÁÌÙÓÉÓ ÏÆ ÖÁÒÉÁÎÃÅȢ !ÐÐÌÉÅÄ 3ÔÁÔÉÓÔÉÃÓȟ ςςȟ σωςȤȤσωωȢ ρπȢςσπχȾςστφχψφȢ 

9ÉÈÄÅÇÏȟ 9Ȣ ÁÎÄ 0ÁÆÆÁÒÄȟ !Ȣ ςπρφȢ Ȭ(ÙÄÒÏȤÅÎÇÉÎÅÅÒÉÎÇ ÓÏÌÕÔÉÏÎ ÆÏÒ Á ÓÕÓÔÁÉÎÁÂÌÅ 
ÇÒÏÕÎÄ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÁÔ Á ÃÒÏÓÓ ÂÏÒÄÅÒ ÒÅÇÉÏÎȡ ÃÁÓÅ ÏÆ ,ÁËÅ .ÙÁÓÁȾ-ÁÌÁ×É ÂÁÓÉÎȟ 
4ÁÎÚÁÎÉÁȭȢ )ÎÔÅÒÎÁÔÉÏÎ *ÏÕÒÎÁÌ ÏÆ 'ÅÏȤ%ÎÉÎÅÅÒÉÎÇȟ χȟ ÐÐȢ ρ ɀ ςσ 
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ρςφ 
 

 

!ÐÐÅÎÄÉØ %ȡ ,ÉÎÅÁÒ ÍÏÄÅÌ ÒÅÓÕÌÔÓ ÁÎÄ ÁÓÓÕÍÐÔÉÏÎÓ ÆÏÒ ÅÁÃÈ ÍÏÎÔÈȢ 

-ÏÎÔÈȡ *ÁÎÕÁÒÙ 

 

 

±LC 

  ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            оΦпннорп             нΦутпппу             мΦрмпфус             мΦнфтнтф             мΦнсстпу  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦомтлуп             мΦнмтомп             мΦнтмтнп             мΦпмфомф             мΦоррурл  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦопфнуо             мΦофумнф             мΦсутунм             мΦрпфллм             мΦттнруп  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦуууопп             мΦрпнуор 



ρςχ 
 

 

  

о ƳƻƴǘƘǎ ǘƻ WŀƴǳŀǊȅ ǊŀǘŜ ƻŦ ƭŀƪŜ ƭŜǾŜƭ ŎƘŀƴƎŜ 

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ   

όLƴǘŜǊŎŜǇǘύ          πсΦофуŜπло  рΦрутŜπло  πмΦмпр   лΦнслн   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     мΦллсŜπло  оΦфлнŜπлп   нΦртф   лΦлмпп ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇ         уΦнфрŜπлп  уΦлрнŜπлп   мΦлол   лΦомлн   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм   нΦммпŜπлп  рΦунмŜπлп   лΦосо   лΦтмут   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн   оΦфттŜπлп  рΦоофŜπлп   лΦтпр   лΦпсмр   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо   пΦротŜπлр  рΦмлпŜπлп   лΦлуф   лΦфнфт   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп   уΦсусŜπлп  рΦннмŜπлп   мΦссп   лΦмлрп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  πрΦлорŜπлп  пΦтмуŜπлп  πмΦлст   лΦнфоп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс   нΦнотŜπлп  пΦтлсŜπлп   лΦптр   лΦсотр   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  πнΦстсŜπлп  пΦтосŜπлп  πлΦрср   лΦртру   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу   рΦфнсŜπлр  пΦссфŜπлп   лΦмнт   лΦуффт   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф   фΦрстŜπлп  пΦснсŜπлп   нΦлсу   лΦлпсо ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πмΦммуŜπло  пΦтмтŜπлп  πнΦосф   лΦлнос ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм  сΦтлмŜπлр  пΦфотŜπлп   лΦмос   лΦуфну   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн  мΦлтнŜπло  пΦторŜπлп   нΦнсп   лΦлолл ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо πфΦфннŜπлп  рΦлтнŜπлп  πмΦфрс   лΦлрут Φ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп  мΦлптŜπлп  рΦнпрŜπлп   лΦнлл   лΦупнф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр πуΦолтŜπлр  пΦтрсŜπлп  πлΦмтр   лΦуснп   

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ нΦмуутнпŜπлсύ 

 

    bǳƭƭ ŘŜǾƛŀƴŎŜΥ мΦуфрфŜπлп  ƻƴ рм  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

wŜǎƛŘǳŀƭ ŘŜǾƛŀƴŎŜΥ тΦппмтŜπлр  ƻƴ оп  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

!L/Υ πрмпΦн 

 

bǳƳōŜǊ ƻŦ CƛǎƘŜǊ {ŎƻǊƛƴƎ ƛǘŜǊŀǝƻƴǎΥ н 



ρςψ 
 

-ÏÎÔÈȡ &ÅÂÒÕÁÒÙ  

 

 

  



ρςω 
 

 

 
±LC 

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            нΦфнлрсм             нΦсттутн             мΦнррпмн             мΦорптум             мΦппртсп  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦсплрсл             мΦрнпотр             мΦрпфотп             мΦспмутн             мΦтолпмм  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦстпоом             мΦстсплф             нΦослнут             нΦнффруо             нΦлмспро  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦтфрумф             мΦрлсурт 

/ŀƭƭΥ 

ƎƭƳόŦƻǊƳǳƭŀ Ґ ŘŜǊƛǾ Ϥ ΦΣ Řŀǘŀ Ґ ƻŎǘψоψƳƻƴǘƘψŘŜǊƛǾύ 

 

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ   

όLƴǘŜǊŎŜǇǘύ          πнΦфплŜπло  тΦуспŜπло  πлΦотп   лΦтмлу   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     нΦфсуŜπлп  пΦмфуŜπлп   лΦтлт   лΦпупп   

ŀƴƴǳŀƭψǇǊŜŎƛǇ         нΦмрпŜπло  мΦмлсŜπло   мΦфпт   лΦлрфу Φ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм   рΦупуŜπлп  тΦтрнŜπлп   лΦтрп   лΦпрру   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн   пΦупнŜπлп  тΦфлмŜπлп   лΦсмо   лΦрппл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  πрΦспсŜπлп  тΦуотŜπлп  πлΦтнл   лΦптсн   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп   нΦпттŜπлп  уΦопоŜπлп   лΦнфт   лΦтсуо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  πсΦлусŜπлр  тΦсптŜπлп  πлΦлул   лΦфотл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  πтΦоплŜπлп  тΦннуŜπлп  πмΦлмр   лΦомтл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт   нΦфунŜπлп  тΦомпŜπлп   лΦплу   лΦсусл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу   нΦлусŜπлп  тΦрнтŜπлп   лΦнтт   лΦтуоо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф   сΦпнтŜπлп  тΦмусŜπлп   лΦуфп   лΦоттп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл  нΦмоуŜπлп  тΦнфтŜπлп   лΦнфо   лΦттмо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм πфΦфслŜπлп  уΦоопŜπлп  πмΦмфр   лΦнпло   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн  мΦлууŜπло  уΦлпрŜπлп   мΦорн   лΦмуро   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо πсΦупрŜπлп  тΦрпмŜπлп  πлΦфлу   лΦотлп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πтΦтфпŜπлр  тΦмнфŜπлп  πлΦмлф   лΦфмос   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр πрΦмнрŜπлр  сΦррсŜπлп  πлΦлту   лΦфоум   

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ оΦсуоплоŜπлсύ 

 

    bǳƭƭ ŘŜǾƛŀƴŎŜΥ лΦлллннпло  ƻƴ рм  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 



ρσπ 
 

-ÏÎÔÈȡ -ÁÒÃÈ 

 

 

  



ρσρ 
 

 

  

±LC   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            оΦрмлуон             нΦфспонп             мΦунмнру             мΦфнмнсм             мΦфмуртт  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦфпснст             мΦууотпл             нΦоуслрп             нΦннпуум             нΦнсфрун  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            нΦуфнфнп             нΦпфтому             нΦнооурн             нΦпулнлс             нΦрнлррл  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            нΦуснлос             мΦфпупрл 

/ŀƭƭΥ 

ƎƭƳόŦƻǊƳǳƭŀ Ґ ŘŜǊƛǾ Ϥ ΦΣ Řŀǘŀ Ґ ƻŎǘψоψƳƻƴǘƘψŘŜǊƛǾύ 

 

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ    

όLƴǘŜǊŎŜǇǘύ          πуΦлуфŜπло  тΦусфŜπло  πмΦлну  лΦоммно    

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     мΦнпрŜπло  пΦпнтŜπлп   нΦумо  лΦллумл ϝϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇ         нΦмлфŜπло  мΦолоŜπло   мΦсмф  лΦммпто    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  πфΦсмпŜπлп  мΦлспŜπло  πлΦфло  лΦотнул    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн   мΦуурŜπло  мΦлсрŜπло   мΦттл  лΦлуртт Φ  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  πмΦмуфŜπло  мΦлнрŜπло  πмΦмсл  лΦнрпмп    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  πфΦпффŜπлт  мΦлонŜπло  πлΦллм  лΦфффнт    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр   сΦмноŜπлп  фΦфтпŜπлп   лΦсмп  лΦрпооп    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  πпΦоомŜπлп  мΦлнфŜπло  πлΦпнм  лΦстсоп    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт   нΦртлŜπлп  фΦснлŜπлп   лΦнст  лΦтфлфр    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу   сΦоунŜπлр  фΦстпŜπлп   лΦлсс  лΦфпттф    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф   уΦсуфŜπлп  мΦлтмŜπло   лΦумм  лΦпннфф    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πрΦоурŜπлп  фΦфррŜπлп  πлΦрпм  лΦрфнлс    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм πмΦмомŜπлп  уΦтфрŜπлп  πлΦмнф  лΦуфупн    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн πоΦпулŜπлп  фΦлмоŜπлп  πлΦоус  лΦтлмту    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  мΦсмтŜπло  фΦмтнŜπлп   мΦтсо  лΦлусус Φ  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πнΦсспŜπло  фΦтррŜπлп  πнΦтом  лΦллффо ϝϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  мΦнпнŜπло  уΦломŜπлп   мΦрпс  лΦмомоп    

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ оΦтуфмфрŜπлсύ 

 

    bǳƭƭ ŘŜǾƛŀƴŎŜΥ лΦлллонппс  ƻƴ рм  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

wŜǎƛŘǳŀƭ ŘŜǾƛŀƴŎŜΥ лΦлллмнууо  ƻƴ оп  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

!L/Υ πпурΦсс 



ρσς 
 

-ÏÎÔÈȡ !ÐÒÉÌ 

 

 

  



ρσσ 
 

  

±LC 

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            оΦтруфто             оΦнрммос             мΦрррнмо             мΦплрфмн             мΦсмрсрн  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦроммрс             мΦпснпоп             мΦтлсусс             мΦсфнумо             мΦтлуруо  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦфулноф             мΦстфрно             мΦтрполн             мΦтнслоо             мΦтслуоф  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦрмфнлп             мΦпмфрмр 

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ   

όLƴǘŜǊŎŜǇǘύ          πсΦомнŜπло  уΦртсŜπло  πлΦтос   лΦпссу   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     уΦфпсŜπлп  пΦфмнŜπлп   мΦунм   лΦлттп Φ 

ŀƴƴǳŀƭψǇǊŜŎƛǇ         нΦтунŜπло  мΦпофŜπло   мΦфоп   лΦлсмр Φ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  πфΦлорŜπлр  мΦлнтŜπло  πлΦлуу   лΦфолп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πмΦопуŜπлп  фΦсрфŜπлп  πлΦмпл   лΦууфу   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  πфΦстнŜπлп  фΦурнŜπлп  πлΦфун   лΦооом   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп   мΦпснŜπлр  фΦпусŜπлп   лΦлмр   лΦфуту   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр   тΦупнŜπлп  фΦмтлŜπлп   лΦурр   лΦофур   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  πсΦутмŜπлп  фΦлнфŜπлп  πлΦтсм   лΦпрмф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт   оΦрппŜπлп  уΦтннŜπлп   лΦплс   лΦсутл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  πуΦтмуŜπлр  уΦтнлŜπлп  πлΦмлл   лΦфнлф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф  πрΦолоŜπлп  фΦнмлŜπлп  πлΦртс   лΦрсус   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл  рΦоосŜπлп  уΦпфлŜπлп   лΦсну   лΦрооф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм  рΦнруŜπлр  уΦмррŜπлп   лΦлсп   лΦфпфл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн πпΦпмтŜπлп  тΦусуŜπлп  πлΦрсм   лΦртун   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  мΦнпфŜπло  тΦфррŜπлп   мΦртл   лΦмнрс   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πнΦтунŜπлп  тΦопмŜπлп  πлΦотф   лΦтлтм   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр πмΦттфŜπлп  тΦлтоŜπлп  πлΦнрм   лΦулол   

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ пΦрлрфпнŜπлсύ 

 

    bǳƭƭ ŘŜǾƛŀƴŎŜΥ лΦлллоулнр  ƻƴ рм  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

wŜǎƛŘǳŀƭ ŘŜǾƛŀƴŎŜΥ лΦлллмронл  ƻƴ оп  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

!L/Υ πптсΦср 



ρστ 
 

-ÏÎÔÈȡ  -ÁÙ 

 

 

 

  



ρσυ 
 

  
±LC 

  ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            нΦрмнмло             нΦппмрсп             мΦорлррн             мΦоумрнт             мΦрнпфос  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦппфффт             мΦопфнпл             мΦрпорро             мΦрфппмн             мΦтпнсрф  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦсфстнт             мΦслфннл             мΦсмнусо             мΦссптон             мΦсфсллс  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦрмнмут             мΦоуфтнл 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ   

όLƴǘŜǊŎŜǇǘύ          πпΦлмоŜπло  тΦнмсŜπло  πлΦррс   лΦруму   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     фΦпнуŜπлп  пΦмсоŜπлп   нΦнср   лΦлолл ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇ         нΦмтпŜπло  мΦлмрŜπло   нΦмпм   лΦлофр ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  πпΦурсŜπлп  тΦтупŜπлп  πлΦснп   лΦросф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πмΦлртŜπло  тΦумфŜπлп  πмΦорн   лΦмурн   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  πоΦлпфŜπлп  тΦтфуŜπлп  πлΦофм   лΦсфуо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  πтΦфолŜπлр  тΦрмсŜπлп  πлΦмлс   лΦфмсс   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр   рΦммуŜπлп  тΦмуоŜπлп   лΦтмн   лΦпумл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  πнΦунрŜπлп  тΦлпсŜπлп  πлΦплм   лΦсфлф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт   уΦмпуŜπлр  сΦфпмŜπлп   лΦммт   лΦфлтн   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  πоΦттнŜπлп  тΦмфуŜπлп  πлΦрнп   лΦслот   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф  πсΦофнŜπлп  тΦлмтŜπлп  πлΦфмм   лΦосут   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πпΦфпрŜπлт  сΦуофŜπлп  πлΦллм   лΦфффп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм  оΦпмлŜπлп  сΦпрнŜπлп   лΦрну   лΦсллс   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн  мΦмслŜπлп  сΦоттŜπлп   лΦмун   лΦурсу   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  мΦнссŜπло  сΦппнŜπлп   мΦфсс   лΦлртр Φ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πмΦуснŜπлп  сΦлпсŜπлп  πлΦолу   лΦтслл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр πнΦтмфŜπлп  рΦттсŜπлп  πлΦптм   лΦсплф   

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 



ρσφ 
 

-ÏÎÔÈȡ *ÕÎÅ 

 

  

±LC 

  ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            мΦрнмфпо             мΦрттлнл             мΦорпфуп             мΦофррур             мΦпсснфт  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦпплстл             мΦонспфм             мΦрмормп             мΦрслссл             мΦртруфт  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦсфпнус             мΦснптмн             мΦтлмнрп             мΦсрспму             мΦрумутн  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦпссунп             мΦосмспл 



ρσχ 
 

  /ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ   

όLƴǘŜǊŎŜǇǘύ          πрΦнмпŜπло  рΦмтфŜπло  πмΦллт   лΦонмн   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     мΦмннŜπло  пΦуртŜπлп   нΦомм   лΦлнтл ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇ         мΦомоŜπло  рΦфнтŜπлп   нΦнмс   лΦлоор ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  πфΦонуŜπлп  рΦсрфŜπлп  πмΦспу   лΦмлур   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πмΦоусŜπло  рΦтлнŜπлп  πнΦпом   лΦлнлр ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо   нΦоонŜπлп  рΦрфпŜπлп   лΦпмт   лΦстфп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  πоΦлноŜπлр  рΦпрфŜπлп  πлΦлрр   лΦфрсн   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр   пΦфлпŜπлп  рΦмтпŜπлп   лΦфпу   лΦопфф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс   мΦпмуŜπлп  рΦммлŜπлп   лΦнтт   лΦтуом   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  πфΦмлоŜπлр  рΦлнсŜπлп  πлΦмум   лΦурто   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  πтΦспоŜπлп  рΦллтŜπлп  πмΦрнт   лΦмосм   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф  πоΦорпŜπлп  рΦмомŜπлп  πлΦсрп   лΦрмтт   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл  мΦрснŜπлп  рΦлнфŜπлп   лΦомм   лΦтрум   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм  оΦлпмŜπлп  пΦуплŜπлп   лΦсну   лΦропм   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн  оΦлфсŜπлп  пΦспнŜπлп   лΦсст   лΦрлфо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  мΦлспŜπло  пΦрплŜπлп   нΦопо   лΦлнрм ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πпΦутпŜπлр  пΦопоŜπлп  πлΦммн   лΦфммо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр πмΦпссŜπлр  пΦмтпŜπлп  πлΦлор   лΦфтнн   

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 



ρσψ 
 

-ÏÎÔÈȡ *ÕÌÙ 

 

 

 

  
±LC 

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            мΦслррпл             мΦпсомтр             мΦпнслмп             мΦоффтол             мΦрнрппл  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦпонмнп             мΦорфрлм             мΦпстнсл             мΦрлтлоп             мΦрстрту  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦспроун             мΦролнфо             мΦсомтоф             мΦспулно             мΦртспсф  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦплсплп             мΦпмммно 



ρσω 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ    

όLƴǘŜǊŎŜǇǘύ          πмΦутпŜπло  пΦмутŜπло  πлΦппу  лΦсртнф    

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ    πпΦлффŜπлп  уΦрлтŜπлп  πлΦпун  лΦсоолф    

ŀƴƴǳŀƭψǇǊŜŎƛǇ         сΦнолŜπлп  пΦсспŜπлп   мΦоос  лΦмфлтл    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  πмΦпннŜπло  пΦслсŜπлп  πоΦлуу  лΦллплт ϝϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πмΦмопŜπло  пΦрпрŜπлп  πнΦпфс  лΦлмттп ϝ  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо   сΦптпŜπлп  пΦррфŜπлп   мΦпнл  лΦмспфу    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  πуΦнсоŜπлр  пΦопфŜπлп  πлΦмфл  лΦурлпу    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр   оΦтсрŜπлп  пΦмффŜπлп   лΦуфт  лΦотспп    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс   нΦуусŜπлп  пΦлмсŜπлп   лΦтмф  лΦпттпс    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  πсΦлусŜπлп  оΦфптŜπлп  πмΦрпн  лΦмонсл    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  πсΦосрŜπлп  оΦффлŜπлп  πмΦрфр  лΦмнлнм    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф  πмΦунмŜπлп  пΦлрлŜπлп  πлΦпрл  лΦсррфл    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πнΦмонŜπлп  оΦфлнŜπлп  πлΦрпс  лΦруурл    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм  сΦллмŜπлп  оΦулмŜπлп   мΦртф  лΦмнофс    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн  рΦлфнŜπлп  оΦтлсŜπлп   мΦотп  лΦмтутн    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  рΦортŜπлп  оΦснуŜπлп   мΦптт  лΦмпфнс    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πмΦсмоŜπлп  оΦпмоŜπлп  πлΦпто  лΦсофср    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр πоΦллтŜπлп  оΦптсŜπлп  πлΦуср  лΦофонл    

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ мΦлпффмфŜπлсύ 

 

    bǳƭƭ ŘŜǾƛŀƴŎŜΥ сΦунрпŜπлр  ƻƴ рл  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

wŜǎƛŘǳŀƭ ŘŜǾƛŀƴŎŜΥ оΦпсптŜπлр  ƻƴ оо  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

!L/Υ πрпмΦру 



ρτπ 
 

-ÏÎÔÈȡ !ÕÇÕÓÔ  

 

 

  



ρτρ 
 

  ±LC 

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            мΦсснтрл             мΦосмруф             мΦомрнрф             мΦофунтс             мΦпмрффу  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦпннсуо             мΦнфмфмл             мΦппнунм             мΦпфоотс             мΦсппплп  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦрфтнну             мΦсфмтту             мΦсмрнну             мΦспллрл             мΦссфурм  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦплрлтп             мΦорнроп 

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ   

όLƴǘŜǊŎŜǇǘύ           нΦоснŜπло  оΦолуŜπло   лΦтмп   лΦпуло   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ    πнΦолфŜπло  мΦотлŜπло  πмΦсус   лΦмлмо   

ŀƴƴǳŀƭψǇǊŜŎƛǇ        πнΦуфоŜπлр  оΦофпŜπлп  πлΦлур   лΦфонс   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  πуΦурпŜπлп  оΦоотŜπлп  πнΦсро   лΦлмнн ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πсΦсмсŜπлп  оΦполŜπлп  πмΦфнф   лΦлсно Φ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо   нΦопнŜπлп  оΦонфŜπлп   лΦтло   лΦпуст   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  πоΦннтŜπлп  оΦнтпŜπлп  πлΦфус   лΦоомр   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр   пΦмунŜπлр  оΦлфоŜπлп   лΦмор   лΦуфоо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс   оΦуупŜπлр  оΦлмлŜπлп   лΦмнф   лΦуфум   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  πсΦруфŜπлп  нΦфтмŜπлп  πнΦнмт   лΦлоос ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  πрΦллрŜπлп  оΦлфмŜπлп  πмΦсмф   лΦммпф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф  πтΦпрмŜπлр  оΦлмуŜπлп  πлΦнпт   лΦулср   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πпΦмплŜπлп  оΦмлоŜπлп  πмΦооп   лΦмфмп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм  пΦоуоŜπлп  нΦусоŜπлп   мΦром   лΦморо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн  нΦллнŜπлп  нΦтффŜπлп   лΦтмр   лΦптфр   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  сΦосмŜπлр  нΦунсŜπлп   лΦннр   лΦуноо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп  нΦослŜπлр  нΦруоŜπлп   лΦлфм   лΦфнту   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр πнΦтфпŜπлп  нΦртуŜπлп  πмΦлуп   лΦнусм   

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ сΦлплфоŜπлтύ 



ρτς 
 

-ÏÎÔÈȡ  3ÅÐÔÅÍÂÅÒ 

 

 

 

  ±LC   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            мΦтотпло             мΦпсонмп             мΦонрмпт             мΦпммууо             мΦоутстп  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦпмтррр             мΦнтсопн             мΦрломсс             мΦсоофпл             мΦрмтлтф  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦррмомс             мΦсурмпф             мΦрлрнол             мΦсрррмф             мΦспурут  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦофтунп             мΦоптнур 



ρτσ 
 

 

 

  

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ    

όLƴǘŜǊŎŜǇǘύ           нΦпнфŜπло  мΦпрмŜπло   мΦсто  лΦмлосф    

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ    πтΦтннŜπлп  сΦмлрŜπлп  πмΦнср  лΦнмптп    

ŀƴƴǳŀƭψǇǊŜŎƛǇ        πмΦлтмŜπлп  мΦрмоŜπлп  πлΦтлу  лΦпуофп    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  πмΦтоуŜπлп  мΦпплŜπлп  πмΦнлт  лΦносмс    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πмΦрнтŜπлп  мΦпуоŜπлп  πмΦлол  лΦомлрп    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо   фΦтфоŜπлс  мΦпнлŜπлп   лΦлсф  лΦфпрпр    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  πпΦтссŜπлп  мΦплуŜπлп  πоΦоус  лΦллмур ϝϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  πоΦоплŜπлп  мΦоннŜπлп  πнΦрнт  лΦлмспт ϝ  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  πнΦллнŜπлп  мΦонсŜπлп  πмΦрмл  лΦмплрм    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  πпΦпсрŜπлп  мΦопоŜπлп  πоΦонп  лΦллнму ϝϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  πмΦумтŜπлп  мΦнуоŜπлп  πмΦпмс  лΦмсслм    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф  πоΦсстŜπлр  мΦнусŜπлп  πлΦнур  лΦтттнм    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πоΦллтŜπлп  мΦоосŜπлп  πнΦнрм  лΦломмт ϝ  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм  мΦтолŜπлп  мΦнлоŜπлп   мΦпоу  лΦмрфуу    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн πнΦофсŜπлп  мΦннпŜπлп  πмΦфрт  лΦлруул Φ  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  нΦтснŜπлр  мΦнноŜπлп   лΦннс  лΦуннср    

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πнΦуммŜπлп  мΦмннŜπлп  πнΦрлр  лΦлмтос ϝ  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр πпΦуурŜπлр  мΦмнмŜπлп  πлΦпос  лΦссруу    

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 



ρττ 
 

-ÏÎÔÈȡ /ÃÔÏÂÅÒ 

 

 

  

±LC 

  ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            мΦуоосту             мΦтмурпн             мΦомплфс             мΦплллрп             мΦпнмптл  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦпмуфст             мΦнррлфо             мΦсмммфп             мΦппмснн             мΦпсуноп  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦрснуон             мΦпуртоф             мΦпфсоуу             мΦрутлсо             мΦрурлпр  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦофтнфн             мΦтомост 



ρτυ 
 

 

  

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ   

όLƴǘŜǊŎŜǇǘύ           нΦрруŜπло  оΦпнмŜπло   лΦтпу   лΦпрфф   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     мΦссуŜπло  мΦнлуŜπло   мΦоум   лΦмтсс   

ŀƴƴǳŀƭψǇǊŜŎƛǇ         нΦммоŜπлр  оΦурпŜπлп   лΦлрр   лΦфрсс   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм   рΦмссŜπлп  оΦотнŜπлп   мΦрон   лΦморм   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πмΦуумŜπлп  оΦптлŜπлп  πлΦрпн   лΦрфмп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  πрΦлтоŜπлр  оΦоурŜπлп  πлΦмрл   лΦууму   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  πоΦсосŜπлп  оΦомтŜπлп  πмΦлфс   лΦнумл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  πрΦоунŜπлп  оΦлстŜπлп  πмΦтрр   лΦлуус Φ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  πпΦррлŜπлп  оΦнррŜπлп  πмΦофу   лΦмтмп   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт   нΦуплŜπлр  нΦффмŜπлп   лΦлфр   лΦфнпф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  πтΦтууŜπлр  нΦффнŜπлп  πлΦнсл   лΦтфсн   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф  πуΦломŜπлр  оΦлрпŜπлп  πлΦнсо   лΦтфпн   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πмΦстфŜπлп  нΦфтоŜπлп  πлΦрср   лΦртсл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм πнΦрусŜπлр  нΦупуŜπлп  πлΦлфм   лΦфнун   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн πрΦфомŜπлп  нΦунфŜπлп  πнΦлфт   лΦлпоу ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо πмΦмлфŜπлр  нΦунфŜπлп  πлΦлоф   лΦфсфл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πсΦффпŜπлп  нΦсрмŜπлп  πнΦсоф   лΦлмнс ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  уΦрнпŜπлр  нΦффмŜπлп   лΦнур   лΦтттр   

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ сΦппстффŜπлтύ 



ρτφ 
 

-ÏÎÔÈȡ  .ÏÖÅÍÂÅÒ 

 

 

  ±LC 

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            нΦнмормо             мΦффсфрс             мΦрпостс             мΦпмснол             мΦруммфо  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦпнтуро             мΦосорпф             мΦпфтнмр             мΦртнмон             мΦрмплпф  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦснуупс             мΦрупрср             мΦспсфлн             мΦсрлсму             мΦтмпфпп  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦртлнрр             мΦспооор 



ρτχ 
 

 

  

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ   

όLƴǘŜǊŎŜǇǘύ           пΦмлпŜπло  рΦмноŜπло   лΦулм   лΦпнуу   

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     мΦнфрŜπло  сΦннлŜπлп   нΦлум   лΦлпрн ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇ         мΦфрсŜπлп  рΦфтфŜπлп   лΦонт   лΦтпрт   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм   сΦуфмŜπлп  рΦнрнŜπлп   мΦомн   лΦмфус   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πпΦфрпŜπлп  пΦффсŜπлп  πлΦффн   лΦонус   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо   мΦсмпŜπлп  рΦмпуŜπлп   лΦомо   лΦтррф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  πнΦтоуŜπлп  пΦтфуŜπлп  πлΦртм   лΦртнм   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  πуΦсруŜπлп  пΦспнŜπлп  πмΦуср   лΦлтмм Φ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  πмΦммнŜπлп  пΦпулŜπлп  πлΦнпу   лΦулрс   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт   сΦоппŜπлр  пΦрмпŜπлп   лΦмпм   лΦууфм   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  πнΦлфрŜπлп  пΦоопŜπлп  πлΦпуо   лΦсонл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф  πмΦсннŜπлр  пΦпумŜπлп  πлΦлос   лΦфтмо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πсΦмснŜπлп  пΦоунŜπлп  πмΦплс   лΦмсфл   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм πмΦпфнŜπлп  пΦофпŜπлп  πлΦопл   лΦтосо   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн πнΦуруŜπлп  пΦнмлŜπлп  πлΦстф   лΦрлмф   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо πпΦрумŜπлр  пΦнфоŜπлп  πлΦмлт   лΦфмрт   

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πмΦлтлŜπло  пΦмннŜπлп  πнΦрфт   лΦлмоф ϝ 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  оΦнпоŜπлп  пΦнннŜπлп   лΦтсу   лΦпптф   

πππ 

{ƛƎƴƛŦΦ ŎƻŘŜǎΥ  л ΨϝϝϝΩ лΦллм ΨϝϝΩ лΦлм ΨϝΩ лΦлр ΨΦΩ лΦм Ψ Ω м 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ мΦппфрууŜπлсύ 

 

    bǳƭƭ ŘŜǾƛŀƴŎŜΥ фΦфостŜπлр  ƻƴ рл  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

wŜǎƛŘǳŀƭ ŘŜǾƛŀƴŎŜΥ пΦтуосŜπлр  ƻƴ оо  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

!L/Υ πрнрΦмо 



ρτψ 
 

-ÏÎÔÈȡ  $ÅÃÅÍÂÅÒ 

 

  ±LC 

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ        ŀƴƴǳŀƭψǇǊŜŎƛǇ  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо  

            оΦрртллу             нΦутолол             мΦтурмпр             мΦпмтпфм             мΦптфлпп  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс  ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу  

            мΦпнлпсн             мΦрлотоу             мΦптумфо             мΦпплпрф             мΦплтсфр  

 ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо  

            мΦрулфло             мΦоффнтс             мΦтртрмт             мΦсфуптп             мΦтспсрт  

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  

            мΦфтнрлп             мΦттспфп 



ρτω 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

/ŀƭƭΥ 

ƎƭƳόŦƻǊƳǳƭŀ Ґ ŘŜǊƛǾ Ϥ ΦΣ Řŀǘŀ Ґ ƻŎǘψоψƳƻƴǘƘψŘŜǊƛǾύ 

 

/ƻŜŶŎƛŜƴǘǎΥ 

                       9ǎǝƳŀǘŜ {ǘŘΦ 9ǊǊƻǊ ǘ ǾŀƭǳŜ tǊόҔμǘμύ 

όLƴǘŜǊŎŜǇǘύ          πлΦллолрср  лΦллрсснт  πлΦрпл    лΦрфо 

ŀǾψоψƳƻƴǘƘψǇǊŜŎƛǇ     лΦлллтттн  лΦлллпфпп   мΦртн    лΦмнр 

ŀƴƴǳŀƭψǇǊŜŎƛǇ         лΦлллуррр  лΦлллунтп   мΦлоп    лΦолу 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψм   лΦлллрупт  лΦлллсппо   лΦфлт    лΦотм 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψн  πлΦлллпмсф  лΦлллрсрт  πлΦтот    лΦпсс 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψо   лΦлллнрсн  лΦлллрсол   лΦпрр    лΦсрн 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψп   лΦлллмрсс  лΦлллррло   лΦнур    лΦтту 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψр  πлΦлллоплп  лΦлллрплр  πлΦсол    лΦроо 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψс   лΦлллмнлр  лΦлллрмуф   лΦнон    лΦуму 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψт  πлΦлллмссн  лΦлллпфун  πлΦооо    лΦтпм 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψу   лΦлллпофф  лΦлллпфмф   лΦуфп    лΦоту 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψф   лΦллллрлп  лΦлллрнмф   лΦлфт    лΦфнп 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмл πлΦлллсспу  лΦлллптрр  πмΦофу    лΦмтм 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмм  лΦлллммпр  лΦлллрнфф   лΦнмс    лΦуол 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмн  лΦлллолло  лΦлллрнол   лΦртп    лΦртл 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмо πлΦлллтлро  лΦлллронп  πмΦонр    лΦмфп 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмп πлΦлллпрмр  лΦлллрслп  πлΦулс    лΦпнс 

ŀƴƴǳŀƭψǇǊŜŎƛǇψƭŀƎψмр  лΦлллпору  лΦлллпфут   лΦутп    лΦоуу 

 

ό5ƛǎǇŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊ ŦƻǊ Ǝŀǳǎǎƛŀƴ ŦŀƳƛƭȅ ǘŀƪŜƴ ǘƻ ōŜ нΦнроуссŜπлсύ 

 

    bǳƭƭ ŘŜǾƛŀƴŎŜΥ мΦррроŜπлп  ƻƴ рм  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 

wŜǎƛŘǳŀƭ ŘŜǾƛŀƴŎŜΥ тΦссомŜπлр  ƻƴ оп  ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ 



ρυπ 
 

 

τȢςȢρ 0ÏÓÔÆÁÃÅ 

4ÈÉÓ ÐÉÅÃÅ ÄÉÒÅÃÔÌÙ ÒÅÓÐÏÎÄÅÄ ÔÏ 21ρ ÂÙ ÁÃÈÉÅÖÉÎÇ 3/ρ ÁÎÄ ÅØÐÌÏÒÉÎÇ ÈÏ× ÇÒÏÕÎÄ×ÁÔÅÒ ÉÎÔÅÒÁÃÔÓ ×ÉÔÈ ÓÕÒÆÁÃÅ 

×ÁÔÅÒ ÉÎ -ÁÌÁ×Éȟ ÔÁËÉÎÇ ÔÈÅ ÅØÁÍÐÌÅ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȢ  4ÈÅ ÓÉÇÎÉПÉÃÁÎÃÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÆÏÒ ,ÁËÅ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ 

ÓÔÏÒÁÇÅ ÅÖÉÄÅÎÃÅÄ ÉÎ ÔÈÉÓ ÐÁÐÅÒ ÍÁËÅ ÉÎÃÌÕÓÉÏÎ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÅÓÓÅÎÔÉÁÌ ÉÎ ÁÎÙ ÃÏÎÓÉÄÅÒÁÔÉÏÎÓ ÏÆ ÃÕÒÒÅÎÔ ÁÎÄ 

ÆÕÔÕÒÅ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ×ÉÔÈÉÎ -ÁÌÁ×ÉȢ $ÅÓÐÉÔÅ ÔÈÅ ÓÉÇÎÉПÉÃÁÎÃÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÔÏ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÓÔÏÒÁÇÅȟ ÍÏÓÔ 

ÍÏÄÅÌÓ ÁÎÄ ÃÏÎÃÅÐÔÕÁÌÉÓÁÔÉÏÎÓ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÆÁÉÌ ÔÏ ÉÎÃÏÒÐÏÒÁÔÅ ÇÒÏÕÎÄ×ÁÔÅÒ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ 

ςπρωȠ #ÁÌÄÅÒ ÅÔ ÁÌȢȟ ρωωυȠ $ÒÁÙÔÏÎ ÅÔ ÁÌȢȟ ρωψτȠ .ÅÕÌÁÎÄ ÅÔ ÁÌȢȟ ρωψτɊȢ )Î ÍÏÄÅÌÓ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ 

×ÈÅÒÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÈÁÓ ÂÅÅÎ ÃÏÎÓÉÄÅÒÅÄȟ ÔÈÅÙ ÁÒÅ ÌÉÍÉÔÅÄ ÔÏ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÁÐÐÒÏÁÃÈÅÓ ×ÈÉÃÈ ÕÎÁÂÌÅ ÔÏ 

ÐÒÏÖÉÄÅ ÄÅÔÁÉÌÅÄ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎÓ ÏÆ ÓÕÒÆÁÃÅ ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÎÔÅÒÁÃÔÉÏÎÓ ɉ+ÕÍÁÍÂÁÌÁ ÅÔ ÁÌȢȟ ςπρπȠ 3ÈÅÌÁ ÅÔ 

ÁÌȢȟ ςπππȠ ,ÙÏÎÓ ÅÔ ÁÌȢȟ ςπρρɊȢ 

4Ï ÅÎÓÕÒÅ ÆÕÔÕÒÅ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÆÏÒ -ÁÌÁ×Éȟ ÃÏÎÃÅÐÔÕÁÌÉÓÁÔÉÏÎ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÅÍÐÈÁÓÉÓÉÎÇ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÄÙÎÁ-)#3ȟ ÉÓ ÅÓÓÅÎÔÉÁÌȢ )ÎÆÏÒÍÅÄ ×ÁÔÅÒ ÐÏÌÉÃÙ ÄÅÃÉÓÉÏÎÓ ×ÉÌÌ ÒÅÑÕÉÒÅ Á ÂÅÔÔÅÒ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÁÖÁÉÌÁÂÉÌÉÔÙ ÔÏ ÅÎÓÕÒÅ ÈÏÌÉÓÔÉÃ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȢ 4ÈÉÓ ÎÅÅÄ ÉÓ ÄÉÒÅÃÔÌÙ ÁÄÄÒÅÓÓÅÄ ×ÉÔÈÉÎ ÔÈÅ ÎÅØÔ 

ÐÏÒÔÉÏÎ ÏÆ ÔÈÉÓ ÃÈÁÐÔÅÒȟ ÅØÐÁÎÄÉÎÇ ÏÎ ÔÈÅ ÉÎÃÒÅÁÓÅÄ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÉÎÔÅÒÐÌÁÙ ÂÅÔ×ÅÅÎ -ÁÌÁ×ÉȭÓ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÔÏ ÄÅÖÅÌÏÐ Á ÈÏÌÉÓÔÉÃ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȢ 4ÈÅ 

ÑÕÁÎÔÉПÉÃÁÔÉÏÎ ÏÆ ÔÒÅÎÄÓ ÉÎ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÐÒÏÖÉÄÅÓ ÖÉÔÁÌ ÉÎÆÏÒÍÁÔÉÏÎ ÔÏ ÇÕÉÄÅ ÃÕÒÒÅÎÔ ÁÎÄ 

ÆÕÔÕÒÅ ×ÁÔÅÒ ÐÏÌÉÃÙȢ  
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Abstract  

We apply a global hydrological model, the Community Water Model (CWatM), to Malawi. To effectively 

ÒÅÐÒÅÓÅÎÔ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ×Å ÃÏÕÐÌÅ Á ÈÉÇÈ-resolution version of CwatM (5 arc minute resolution) 

with MODFLOW (5km resolution), enabling a high-resolution, national surface and groundwater model. Semi-

ÓÔÒÕÃÔÕÒÅÄ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó ×ÅÒÅ ÃÏÎÄÕÃÔÅÄ ÔÏ ÁÃÃÕÒÁÔÅÌÙ ÒÅÐÒÅÓÅÎÔ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÇÏÖÅÒÎÁÎÃÅȟ 

identifying key adjustments that reflect national water resources. Model modifications were implemented 

based on stakeholder engagement. Notably, we implement modifications to account for small-holder 

ÁÇÒÉÃÕÌÔÕÒÅ ÁÎÄ ȬÄÁÍÂÏȭ ×ÅÔÌÁÎÄÓȢ .ÁÔÉÏÎÁÌ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ×ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉon were also included; the 

model was developed to include pit-latrine sanitation, used by over 90% of the population. Spatial variation 

within domestic water use, both source and quantity, between urban and rural areas was also incorporated. 

Such model modifications significantly improved model performance, we suggest similar developments should 

be considered in modelling national water resources in other Southern-African countries.  

Basin-wide scale model validation was undertaken by comparison with remote sensing observations of 

evapotranspiration, precipitation, and changes in total water storage (using GRACE Satellite data). Model 

calibration was undertaken by comparison to river discharge data at 35 national discharge stations. 

We model that 652km³ of available groundwater was stored within aquifer units in Malawi by the end of 2009 

(the currently available estimate of groundwater storage in Malawi is between 96.7 and 1,108 km³). Our 
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model shows a consistent decline in groundwater levels since 1980 (the beginning of our study period). In 

total, we estimate a decline of 17.8km³ in groundwater storage in Malawi from 1980-2009, raising significant 

concerns for future water security in the country. Not only does this model provide unprecedented insight into 

-ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÒÅÇÁÒÄÉÎÇ ÔÈÅ ÕÎÓÅÅÎ ÂÕÔ ÃÒÉÔÉÃÁÌ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅȟ ÆÕÒÔÈÅÒ ÍÏÄÅÌ 

development will enable forecasting of future water security issues under climate and socio-economic change.   
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1. Introduction  

!Ó !ÆÒÉÃÁȭÓ ÔÈÉÒÄ ÌÁÒÇÅÓÔ ÌÁËÅȟ ÁÎÄ ÔÈÅ ÆÉÆÔÈ ÌÁÒÇÅÓÔ ÌÁËÅ ÂÙ ÖÏÌÕÍÅ ÉÎ ÔÈÅ ×ÏÒÌÄ ɉ(ÅÒÄÅÎÄÏÒÆȟ ρωψτɊȟ ,ÁËÅ 

-ÁÌÁ×É ɉÏÒ ,ÁËÅ .ÙÁÓÁɊ ÄÏÍÉÎÁÔÅÓ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÂÏÔÈ ÉÎ ÐÅÒÃÅÐÔÉÏÎ ÁÎÄ ÐÒÁÃÔÉÃÅȢ 9ÅÔȟ ÄÅÓÐÉÔÅ 

ÓÕÒÆÁÃÅ ×ÁÔÅÒȭÓ ÄÏÍÉÎÁÎÃÅȟ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÓ ÁÒÇÕÁÂÌÙ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÔÈÅ ÍÏÓÔ ÐÉÖÏÔÁÌ ÓÏÕÒÃÅ ÏÆ ×ÁÔÅÒȟ ÐÒÏÖÉÄÉÎÇ 

over 80% of domestic needs (Graham and Polizzotto, 2013). Within domestic water dynaMICS, rural 

communities are typically more reliant on groundwater; it is estimated that 82% of the rural population and 

20% of the urban population depend on groundwater to meet their water needs (Chavula, 2012). This makes 

rural communities particularly vulnerable to reduced groundwater levels in the dry season as well as 

declining groundwater tables (Adams and Smiley, 2018). Groundwater dynaMICS also have significant 

consequences for surface water security, playing a critical role in river flow (Kelly et al., 2020) and influencing 

,ÁËÅ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÌÅÖÅÌ ɉ+ÁÌÉÎ ÅÔ ÁÌȢȟ in prep), further emphasizing their importance in the consideration of 

ÁÎÙ ÁÓÐÅÃÔ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ 5ÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÅ ÎÁÔÕÒÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÓ ÔÈÅÒÅÆÏÒÅ ÃÒÉÔÉÃÁÌ ÉÎ 

ÇÕÉÄÉÎÇ ÓÕÓÔÁÉÎÁÂÌÅ ×ÁÔÅÒ ÐÏÌÉÃÙȢ 9ÅÔȟ ÄÅÓÐÉÔÅ ÔÈÉÓ ÓÉÇÎÉÆÉÃÁÎÃÅȟ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ resources remain largely 

understudied and misunderstood (Kalin et al., 2022). 

-ÏÎÉÔÏÒÉÎÇ ÁÎÄ ÁÐÐÒÏÐÒÉÁÔÅ ÍÁÎÁÇÅÍÅÎÔ ÏÆ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÈÁÓ ÂÅÅÎ ÈÁÍÐÅÒÅÄ ÂÙ ÉÎÓÕÆÆÉÃÉÅÎÔ 

groundwater monitoring (Mleta, 2010; IGRAC, 2013; Kalin et al., 2022). There is little contiguous, reliable, and 

sustained data on groundwater management in Malawi (Kalin et al., 2022).  Some of the barriers to reliable 

groundwater monitoring arise from challenges in infrastructure. Whilst Malawi currently has 71 groundwater 

monitoring wells nationally, the network of monitoring wells is troubled by vandalism and insufficient or 

failing equipment, e.g. data loggers (Kalin et al., 2022). Since construction of monitoring wells began in 2009, 

at least 10 are already known to be non-functional due to vandalism (Kalin et al., 2022). Monitoring is also not 

appropriately distributed with some regions having no groundwater monitoring, (Mleta, 2010), therefore 

limiting national level groundwater assessment. Even where infrastructure is available, regular monitoring is 

limited with data often not being appropriately downloaded and stored (Kalin et al., 2022). Challenges in 

appropriate data management and coordination of groundwater monitoring data has identified as barrier to 

monitoring not only within Malawi but across the Southern African Development Community (SADC) (IGRAC, 

2013). Finally, with the earliest monitoring networks only being established in 2009, even where reliable data 
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is available, insight into long-term groundwater trends cannot be provided (Kalin et al, 2022). Consequently, 

ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÃÕÒÒÅÎÔ ÑÕÁÎÔÉÔÙ ÏÆȟ ÁÎÄ ÈÉÓÔÏÒÉÃ ÔÒÅÎÄÓ ÉÎȟ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÓ ÇÒÅÁÔÌÙ 

ÌÁÃËÉÎÇȢ 4ÈÅ ÏÎÌÙ ÁÖÁÉÌÁÂÌÅ ÎÁÔÉÏÎÁÌ ÅÓÔÉÍÁÔÅ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÐÐÌÉÅÓ Á ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÍÅÔÈÏÄ ÁÎÄ 

ÐÌÁÃÅÓ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅr storage as between 96.7 and 1,108 km³ (not including the saturated thickness of 

each aquifer unit) (Kalin et al, 2022). Anecdotal evidence points to sustained groundwater decline impacting 

water access (personal correspondence), however, there is currently no data to support this. National level 

and long-term data is needed to inform decision making and guide water management. The lack of 

understanding of both quantity and trends in groundwater availability limits effective and informed policy 

making.  

Hydrological modelling can provide a system to fill this knowledge gap.  Through ÓÉÍÕÌÁÔÉÎÇ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ 

ÄÙÎÁ-)#3ȟ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÃÁÎ ÉÎÆÏÒÍ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÃÕÒÒÅÎÔ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÓ ×ÅÌÌ ÁÓ ÆÏÒÅÃÁÓÔ 

ÆÕÔÕÒÅ ÈÙÄÒÏÌÏÇÉÃÁÌ ÓÃÅÎÁÒÉÏÓ ɉ#ÈÅÎ ÅÔ ÁÌȢȟ ςπςρɊȢ "Ù ÍÏÄÅÌÌÉÎÇ ÂÏÔÈ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÄÙÎÁ-)#3ȟ 

ÔÈÅÓÅ ÍÏÄÅÌÓ ÈÁÖÅ ÐÏÔÅÎÔÉÁÌ ÔÏ ÐÒÏÖÉÄÅ ÈÏÌÉÓÔÉÃ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇȢ (Ï×ÅÖÅÒȟ ÍÁÎÙ ÌÁÒÇÅȤÓÃÁÌÅ 

ÍÏÄÅÌÓ ÆÁÉÌ ÔÏ ÁÄÅÑÕÁÔÅÌÙ ÓÉÍÕÌÁÔÅ ÇÒÏÕÎÄ×ÁÔÅÒ ПÌÏ× ɉ'ÎÁÎÎ ÅÔ ÁÌȢȟ ςπςσȠ 'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςςȠ +ÏÌÌÅÔ ÁÎÄ 

-ÁØ×ÅÌÌȟ ςππψȠ +ÒÁÆÔ ÅÔ ÁÌȢȟ ςπςςɊȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÆÁÉÌÉÎÇ ÔÏ ÓÉÍÕÌÁÔÅ ÌÁÔÅÒÁÌ ПÌÏ×Ó ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÂÅÔ×ÅÅÎ ÃÅÌÌÓ 

×ÈÉÃÈ ÁÒÅ ÅÓÓÅÎÔÉÁÌ ÆÏÒ ÐÒÏÐÅÒ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ɉ'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςςɊȢ )ÎÁÄÅÑÕÁÔÅ ÓÐÁÔÉÁÌ 

ÒÅÓÏÌÕÔÉÏÎ ÏÆ ÌÁÒÇÅȤÓÃÁÌÅ ÍÏÄÅÌÌÉÎÇ ÆÕÒÔÈÅÒ ÈÏÌÄÓ ÂÁÃË ÅÆÆÅÃÔÉÖÅ ÍÏÄÅÌÌÉÎÇ ÅÆÆÏÒÔÓ ÂÙ ÌÉÍÉÔÉÎÇ ÍÏÄÅÌ 

ÐÅÒÆÏÒÍÁÎÃÅȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ɉ'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςςȠ 2ÅÉÎÅÃËÅ ÅÔ ÁÌȢȟ ςπςπɊȢ 4ÈÅÓÅ ÃÏÎÓÔÒÁÉÎÔÓ 

ÐÁÒÔÉÃÕÌÁÒÌÙ ÌÉÍÉÔ ÁÐÐÒÏÐÒÉÁÔÅ ÍÏÄÅÌÌÉÎÇ ÏÆ ×ÁÔÅÒ ÔÁÂÌÅ ÄÅÐÔÈ ɉ'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςςȠ 2ÅÉÎÅÃËÅ ÅÔ ÁÌȢȟ ςπςπɊ 

×ÈÉÃÈ ÉÓ ÅÓÓÅÎÔÉÁÌ ÉÎ ÔÈÅ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÎÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÈÁÎÇÅȢ  

%ÎÓÕÒÉÎÇ ÁÐÐÒÏÐÒÉÁÔÅ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÈÕÍÁÎ ÄÅÍÁÎÄ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÈÁÓ ÂÅÅÎ ÁÎÏÔÈÅÒ ÁÒÅÁ ÏÆ 

ÄÅÖÅÌÏÐÍÅÎÔ ÉÎ ÒÅÃÅÎÔ ÅÆÆÏÒÔÓ ÔÏ ÐÒÏÇÒÅÓÓ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇȟ ÔÈÅ #ÏÍÍÕÎÉÔÙ 7ÁÔÅÒ -ÏÄÅÌ ɉ#7ÁÔ-Ɋ ÉÓ Á 

ËÅÙ ÅØÁÍÐÌÅ ÏÆ ÔÈÉÓ ÐÒÏÇÒÅÓÓ ɉ"ÕÒÅË ÅÔ ÁÌȢȟ ςπςπɊȢ #7ÁÔ- ÉÓ Á ÄÉÓÔÒÉÂÕÔÅÄ ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌ ÔÈÁÔ ÃÒÅÁÔÅÓ 

ÍÏÄÅÌÓ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÍÁÎÁÇÅÍÅÎÔ ÁÎÄ ÈÕÍÁÎ ÉÍÐÁÃÔ ÏÎ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÉÎÔÅÇÒÁÔÉÎÇ ÂÏÔÈ ÓÕÒÆÁÃÅ ÁÎÄ 

ÇÒÏÕÎÄ×ÁÔÅÒ ɉ"ÕÒÅË ÅÔ ÁÌȢȟ ςπςπɊȢ #ÒÕÃÉÁÌÌÙȟ ÔÈÒÏÕÇÈ ×ÁÔÅÒ ÄÅÍÁÎÄ ÍÏÄÅÌÌÉÎÇȟ ÔÈÅ ÍÏÄÅÌ ÅÎÁÂÌÅÓ ÓÉÍÕÌÁÔÉÏÎ ÏÆ 

ÂÏÔÈ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÐÒÏÃÅÓÓÅÓ ÁÌÏÎÇÓÉÄÅ ÈÕÍÁÎ ÁÃÔÉÖÉÔÙȟ ÍÁËÉÎÇ ÉÔ ÐÁÒÔÉÃÕÌÁÒÌÙ ÖÁÌÕÁÂÌÅ ÔÏ ÅØÐÌÏÒÅ ×ÁÔÅÒ 

ÍÁÎÁÇÅÍÅÎÔ ÓÃÅÎÁÒÉÏÓȢ 7ÈÉÌÓÔ ÕÎÄÅÒ ÔÈÅ ÄÅÆÁÕÌÔ ÓÅÔȤÕÐ ÏÆ ÔÈÅ #7ÁÔ- ÍÏÄÅÌȟ ÔÈÅÒÅ ÉÓ ÎÏ ÌÁÔÅÒÁÌ ПÌÏ× ×ÉÔÈÉÎ 
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ÇÒÏÕÎÄ×ÁÔÅÒ ɉ'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςςɊȟ ÉÎÔÅÇÒÁÔÉÏÎ ÏÆ ÔÈÅ #7ÁÔ- ÍÏÄÅÌ ×ÉÔÈ ÔÈÅ ÔÈÒÅÅȤÄÉÍÅÎÓÉÏÎÁÌ ПÉÎÉÔÅȤ

ÄÉÆÆÅÒÅÎÃÅ ÇÒÏÕÎÄ×ÁÔÅÒ ПÌÏ× ÍÏÄÅÌ -/$&,/7 ɉÖÅÒÓÉÏÎ φɊ ɉ,ÁÎÇÅÖÉÎ ÅÔ ÁÌȟ ςπρχȠ 'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςςɊ 

ÅÎÁÂÌÅÓ ÉÍÐÒÏÖÅÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÍÏÄÅÌÌÉÎÇ ÁÎÄ ÒÅÄÉÓÔÒÉÂÕÔÉÏÎ ÁÌÌÏ×ÉÎÇ ÈÏÌÉÓÔÉÃ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÍÏÄÅÌÌÉÎÇȢ  

7ÉÔÈÉÎ -ÁÌÁ×Éȟ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÈÁÖÅ ÂÅÅÎ ÕÓÅÄ ÔÏ ÄÅÖÅÌÏÐ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÎÄ ÉÎÆÏÒÍ 

ÐÏÌÉÃÙ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπςςȟ ςπςπɊȢ 7ÈÉÌÓÔ ÖÁÌÕÁÂÌÅȟ ÓÕÃÈ ÍÏÄÅÌÓ ÈÁÖÅ ÂÅÅÎ ÌÁÒÇÅÌÙ ÒÅÓÔÒÉÃÔÅÄ ÔÏ ÓÕÒÆÁÃÅ ×ÁÔÅÒ 

ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπςπȠ #ÁÌÄÅÒ ÅÔ ÁÌȢȟ ρωωυȠ $ÒÁÙÔÏÎȟ ρωψτȠ .ÅÕÌÁÎÄȟ ρωψτɊ ÏÒ ÂÅÅÎ ÌÉÍÉÔÅÄ ÔÏ ×ÁÔÅÒ ÂÁÌÁÎÃÅ 

ÁÐÐÒÏÁÃÈÅÓ ɉ+ÕÍÁÍÂÁÌÁȟ ςπρπȠ ,ÙÏÎÓ ÅÔ ÁÌȢȟ ςπρρȠ 3ÈÅÌÁȟ ςπππɊ ×ÉÔÈ ÌÉÍÉÔÅÄ ÖÁÌÕÅ ÔÏ ÉÎÆÏÒÍÉÎÇ ÈÏÌÉÓÔÉÃȟ ÁÎÄ 

ÐÁÒÔÉÃÕÌÁÒÌÙ ÇÒÏÕÎÄ×ÁÔÅÒȤÂÁÓÅÄȟ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇȢ 7ÈÅÒÅ ÄÅÔÁÉÌÅÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÐÅÃÉПÉÃ 

ÍÏÄÅÌÌÉÎÇ ÓÔÕÄÉÅÓ ÈÁÖÅ ÂÅÅÎ ÃÏÎÄÕÃÔÅÄ ÉÎ -ÁÌÁ×Éȟ ÔÈÅÓÅ ÈÁÖÅ ÂÅÅÎ ÏÎ ÓÕÂ ÃÁÔÃÈÍÅÎÔ ÌÅÖÅÌ ɉ3ÅÈÁÔÚÁÄÅÈȟ ςπρρɊ 

ÁÎÄ ÁÒÅ ÕÎÁÂÌÅ ÔÏ ÒÅÓÐÏÎÄ ÔÏ ÎÁÔÉÏÎÁÌ ÌÅÖÅÌ ÃÁÌÌÓ ÆÏÒ ÉÎÃÒÅÁÓÅÄ ÇÒÏÕÎÄ×ÁÔÅÒ ÕÎÄÅÒÓÔÁÎÄÉÎÇȢ !ÐÐÌÙÉÎÇ ÇÌÏÂÁÌ 

ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÔÏ ÄÅÖÅÌÏÐ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÎÁÔÉÏÎÁÌ ÌÅÖÅÌ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÃÁÎ ÐÒÏÖÉÄÅ Á ÂÅÎÅПÉÃÉÁÌ ÔÏÏÌ ÔÏ 

ÄÅÖÅÌÏÐ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ×ÈÅÒÅ ÌÉÍÉÔÅÄ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÉÓ ÁÖÁÉÌÁÂÌÅ ɉ#ÈÁÖÁÒÒąǲÁ ÅÔ ÁÌȢȟ ςπςςɊȢ 

(Ï×ÅÖÅÒȟ ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÃÁÎ ÏÆÔÅÎ ÅØÈÉÂÉÔ ÐÏÏÒ ÐÅÒÆÏÒÍÁÎÃÅ ÏÎ ÔÈÅ ÎÁÔÉÏÎÁÌ ÏÒ ÂÁÓÉÎ ÌÅÖÅÌȟ 

ÐÁÒÔÉÃÕÌÁÒÌÙ ÉÎ ÁÒÅÁÓ ×ÈÅÒÅ ÔÈÅÒÅ ÉÓ ÌÉÍÉÔÅÄ ÉÎ ÓÉÔÕ ÄÁÔÁ ɉ#ÈÁÖÁÒÒąǲÁ ÅÔ ÁÌȢȟ ςπςςɊȢ %ÑÕÁÌÌÙȟ ÔÈÅ ÍÏÄÅÌÓ ÍÁÙ ÅØÈÉÂÉÔ 

ÐÏÏÒ ÌÏÃÁÌ ÒÅÌÅÖÁÎÃÅȢ 4ÈÉÓ ÐÒÅÓÅÎÔÓ Á ÐÁÒÁÄÏØ ÉÎ ÔÈÁÔ ÍÁÎÙ ÏÆ ÔÈÅ ÁÒÅÁÓ ×ÈÅÒÅ ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÃÁÎ 

ÂÅ ÍÏÓÔ ÂÅÎÅПÉÃÉÁÌ ÔÏ ПÉÌÌ ËÎÏ×ÌÅÄÇÅ ÇÁÐÓȟ ÔÈÅÙ ÍÁÙ ÁÌÓÏ ÅØÈÉÂÉÔ ÐÏÏÒÅÓÔ ÍÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅȢ 

3ÔÁËÅÈÏÌÄÅÒ ÃÏȤÐÒÏÄÕÃÔÉÏÎ ÁÐÐÒÏÁÃÈÅÓ ÃÁÎ ÐÒÏÖÉÄÅ Á ÖÉÔÁÌ ÍÅÔÈÏÄ ÔÏ ÅÎÈÁÎÃÅ ÃÏÎÔÅØÔÕÁÌÌÙ ÒÅÌÅÖÁÎÔ 

ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇȟ ÎÏÔ ÏÎÌÙ ÄÅÍÏÎÓÔÒÁÔÉÎÇ ÇÏÏÄ ÐÒÁÃÔÉÃÅ ÉÎ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ɉ%ÄÅÎ ÅÔ ÁÌȢȟ ςπρφɊ ÂÕÔ 

ÁÌÓÏ ÏÖÅÒÃÏÍÉÎÇ ÓÏÍÅ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÉÎÁÄÅÑÕÁÔÅÌÙ ÃÁÐÔÕÒÉÎÇ ÌÏÃÁÌ ÌÅÖÅÌ ×ÁÔÅÒ 

ÒÅÓÏÕÒÃÅ ÄÙÎÁ-)#3 ɉ#ÈÁÖÁÒÒąǲÁ ÅÔ ÁÌȢȟ ςπςςɊȢ "Ù ÉÎÔÅÇÒÁÔÉÎÇ ÍÕÌÔÉÐÌÅ ÓÔÁËÅÈÏÌÄÅÒ ÐÅÒÓÐÅÃÔÉÖÅÓȟ Á ÍÏÒÅ 

ÃÏÍÐÒÅÈÅÎÓÉÖÅ ÁÎÄ ÌÏÃÁÌÌÙ ÒÅÌÅÖÁÎÔ ÃÏÎÃÅÐÔÕÁÌÉÓÁÔÉÏÎ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÃÁÎ ÂÅ ÄÅÖÅÌÏÐÅÄ ɉ%ÄÅÎ ÅÔ ÁÌȢȟ ςπρφɊȢ 

)ÎÃÏÒÐÏÒÁÔÉÎÇ ÄÉÆÆÅÒÅÎÔ ÐÅÒÓÐÅÃÔÉÖÅÓ ×ÉÔÈÉÎ ÔÈÅ ÍÏÄÅÌÌÉÎÇ ÐÒÏÃÅÓÓ ÉÓ ÁÎ ÉÍÐÏÒÔÁÎÔ ÃÏÍÐÏÎÅÎÔ ÏÆ ÁÎ ÅÆÆÅÃÔÉÖÅ 

ÃÏÐÒÏÄÕÃÔÉÏÎ ÐÒÏÃÅÓÓȟ ÅÎÓÕÒÉÎÇ ÄÉÖÅÒÓÅ ËÎÏ×ÌÅÄÇÅ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ɉ#ÈÏ ÅÔ ÁÌȢȟ ςπςσȠ %ÄÅÎ ÅÔ ÁÌȢȟ ςπρφȠ -ÅÇÄÁÌ 

ÅÔ ÁÌȢȟ ςπρχȠ 6ÉÌÌÁÍÏÒ ÅÔ ÁÌȢȟ ςπρωɊȢ )Î ÁÄÄÉÔÉÏÎ ÔÏ ÔÈÅ ÂÅÎÅПÉÔÓ ÆÏÒ ÍÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅȟ ÃÏȤÐÒÏÄÕÃÔÉÏÎ 

ÁÐÐÒÏÁÃÈÅÓȟ ÉÎÔÅÇÒÁÔÉÎÇ ÓÔÁËÅÈÏÌÄÅÒÓ ÉÎÔÏ ÍÏÄÅÌ ÇÅÎÅÒÁÔÉÏÎȟ ÃÁÎ ÒÅÓÕÌÔ ÉÎ ÔÈÅ ÇÅÎÅÒÁÔÉÏÎ ÏÆ ÈÙÄÒÏÌÏÇÉÃÁÌ 

ÍÏÄÅÌÓ ×ÉÔÈ ÉÍÐÒÏÖÅÄ ÃÒÅÄÉÂÉÌÉÔÙ ÁÎÄ ÍÏÒÅ ÕÓÅÆÕÌ ÍÏÄÅÌ ÏÕÔÐÕÔÓ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπςπɊȢ #ÏȤÐÒÏÄÕÃÔÉÏÎ ÃÁÎȟ 

ÔÈÅÒÅÆÏÒÅȟ ÅÎÈÁÎÃÅ ÂÏÔÈ ÔÈÅ ÕÓÅÆÕÌÎÅÓÓ ÏÆ ÔÈÅ ÐÒÏÄÕÃÔ ÁÎÄȟ ÐÏÔÅÎÔÉÁÌÌÙȟ ÔÈÅ ÁÄÏÐÔÉÏÎ ÒÁÔÅ ÏÆ ÍÏÄÅÌ ÉÎÆÏÒÍÅÄ 
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ÐÏÌÉÃÙ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓȠ ÉÔ ÓÈÏÕÌÄ ÂÅ ÎÏÔÅÄ ÔÈÁÔ ÍÁÎÙ ÏÔÈÅÒ ÂÁÒÒÉÅÒÓ ÐÅÒÓÉÓÔ ÉÎ ÅÎÓÕÒÉÎÇ ÅÆÆÅÃÔÉÖÅ ÐÏÌÉÃÙ 

ÉÍÐÁÃÔ ɉ,ÁÎÄÓÔÒÏȃÍ ÅÔ ÁÌȢȟ ςπςσɊȢ 

)Î ÔÈÉÓ ÓÔÕÄÙȟ ×Å ÁÐÐÌÙ ÔÈÅ ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌ #7ÁÔ-ȟ ÃÏÕÐÌÅÄ ×ÉÔÈ -/$&,/7 ÇÒÏÕÎÄ×ÁÔÅÒ ÍÏÄÅÌÌÉÎÇȟ 

ɉ"ÕÒÅË ÅÔ ÁÌȢȟ ςπςπȠ 'ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςςɊ ÔÏ ÁÎ ÕÎÄÅÒÓÔÕÄÉÅÄ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÁÒÅÁȟ ÅØÐÌÏÒÉÎÇ ÈÏ× 

ÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ ÐÒÏÄÕÃÔÉÏÎ ÃÁÎ ÅÎÈÁÎÃÅ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÉÎ Á ÄÁÔÁȤÓÃÁÒÃÅ ÒÅÇÉÏÎȢ 4ÁËÉÎÇ ÔÈÅ 

ÃÏÎÔÅØÔ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÔÈÅ ÓÔÕÄÙ ÎÏÔ ÏÎÌÙ ÄÅÖÅÌÏÐÓ ÖÉÔÁÌ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ 

ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÔÈÅ ÒÅÇÉÏÎȟ ÂÕÔ ÁÌÓÏ ÅÎÈÁÎÃÅÓ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÈÏ× ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÃÁÎ ÂÅÔÔÅÒ 

ÒÅÐÒÅÓÅÎÔ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÉÎ ÏÔÈÅÒ 3ÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁÎ ÂÁÓÉÎÓȢ "Ù ÄÅÖÅÌÏÐÉÎÇ Á ÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ ÍÏÄÅÌȟ 

×Å ÅØÐÌÏÒÅ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÏÆ ÓÔÁËÅÈÏÌÄÅÒȤÉÎÆÏÒÍÅÄ ÍÏÄÅÌÌÉÎÇ ÔÏ ÍÅÅÔ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÏÆ ÒÅÐÒÅÓÅÎÔÉÎÇ ÌÏÃÁÌ ÌÅÖÅÌ 

×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÄÙÎÁ-)#3 ɉ#ÈÁÖÁÒÒąǲÁ ÅÔ ÁÌȢȟ ςπςςɊȟ ÐÒÏÖÉÄÉÎÇ ÒÅÌÅÖÁÎÔ ÉÎÆÏÒÍÁÔÉÏÎ ɉ-ÅÇÄÁÌ ÅÔ ÁÌȢȟ ςπρχɊȟ ÁÎÄ 

ÇÕÉÄÉÎÇ ÕÓÅÆÕÌ ÍÏÄÅÌ ÏÕÔÐÕÔÓ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπςπɊȢ "Ù ÃÏÍÐÁÒÉÎÇ ÍÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅ ÏÆ Á ȬÄÅÆÁÕÌÔȭ ÃÁÌÉÂÒÁÔÅÄ 

ÍÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅ ÆÏÒ ÔÈÅ ÂÁÓÉÎ ÁÌÏÎÇÓÉÄÅ ÔÈÁÔ ÏÆ Á ȬÓÔÁËÅÈÏÌÄÅÒȤÉÎÆÏÒÍÅÄȭ ÃÁÌÉÂÒÁÔÅÄ ÍÏÄÅÌȟ ÔÈÅ ÃÁÐÁÃÉÔÙ ÆÏÒ 

ÓÔÁËÅÈÏÌÄÅÒȤÉÎÆÏÒÍÅÄ ÍÏÄÅÌÌÉÎÇ ÔÏ ÅÎÈÁÎÃÅ ÍÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅ ÉÓ ÅÖÁÌÕÁÔÅÄȢ $ÅÖÅÌÏÐÍÅÎÔ ÏÆ Á ÂÁÓÉÎȤ×ÉÄÅ 

ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌȟ ÓÐÅÃÉПÉÃÁÌÌÙ ÏÎÅ ÔÈÁÔ ÃÏÕÐÌÅÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ÓÕÒÆÁÃÅ ×ÁÔÅÒȟ ÔÈÅÎ ÅÎÁÂÌÅÓ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ 

ÔÈÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒȟ ÄÉÒÅÃÔÌÙ ÒÅÓÐÏÎÄÉÎÇ ÔÏ ÃÁÌÌÓ ÆÏÒ ÅÎÈÁÎÃÅÄ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ɉ+ÁÌÉÎȟ ςπςςɊȢ  

Specifically, this study addresses the following research questions:  

1) Can stakeholder-informed hydrological models better represent water resources within a sub-Saharan 

African basin? 

2) 7ÈÁÔ ÉÓ ÔÈÅ ÓÔÁÔÕÓ ÏÆ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÎÄ ÈÏ× ÈÁÖÅ ÔÈÉÓ ÃÈÁÎÇÅÄ ÉÎ ÒÅÃÅÎÔ ÙÅÁÒÓȩ 
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2. Methodology  

2.1 Context and study area 

 

This study focuses on the Lake Malawi 

Shire River Basin (LMSRB), a catchment 

made of the Lake Malawi basin and the 

Shire River basins (Figure 1). The 

LMSRB is the most downstream sub-

basin of the Zambezi River Basin, with 

outflows from Lake Malawi and the 

Shire River joining the Zambezi River 

downstream in Mozambique (Shela, 

2000). The LSMRB covers 

ÁÐÐÒÏØÉÍÁÔÅÌÙ ωτϷ ÏÆ -ÁÌÁ×ÉȭÓ ÌÁÎÄ 

area, with the remaining 6% falling 

within the Lake Chilwa drainage basin, 

ÉÔ ÉÓ ÔÈÅÒÅÆÏÒÅ ÃÅÎÔÒÁÌ ÔÏ -ÁÌÁ×ÉȭÓ 

water security (Nhamo et al., 2016). 

Whilst the LMSRB lies mostly within Malawi, the LMSRB is a transboundary system with ~21% of the 

catchment lying in Tanzania and ~10% in Mozambique (Bhave et al., 2020)Ȣ !Ó ÔÈÅ ,3-2" ÄÏÍÉÎÁÔÅÓ -ÁÌÁ×ÉȭÓ 

water resources, this study focuses on water management scenarios within Malawi and their influence on the 

ÂÁÓÉÎȭÓ ÈÙÄÒÏÌÏÇÙȢ  

The region has a mild tropical climate with a rainy season (November to April), in which it is estimated that 

95% of precipitation falls (Streefkerk et al., 2022), and a dry season (May to October) (Vincent et al., 2014). 

Throughout the dry season (May-October), groundwater plays a particularly important role in sustaining river 

flows, making up to 97% of river flow through baseflow (Kelly et al., 2019)Ȣ 3ÅÁÓÏÎÁÌ ÖÁÒÉÁÔÉÏÎ ÉÎ -ÁÌÁ×ÉȭÓ 

Figure 3: Study area, the transboundary Lake Malawi Shire River Basin 

(LMSRB) covering 94% of Malawiôs surface area. The Lake Malawi 

catchment and Shire River catchment are shown in green and purple 

respectively. Makor lakes and cities are marked.  
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hydrology is also exhibited in seasonal wetlands (dambos) that delay groundwater baseflow expression by 

buffering precipitation events (Kalin et al., 2022). Within the LSMRB, Lake Malawi is the biggest storage of 

surface water, with a volume of 8,400km3. The Kamuzu barrage, built in 1965, regulates lake outflow to the 

Shire River, controlling both Lake Level and contributing to flood control (Sehatzadeh et al., 2017).

-ÁÌÁ×ÉȭÓ ÌÁÎÄ ÁÎÄ ×ÁÔÅÒ ÕÓÅ ÉÓ ÄÏÍÉÎÁÔÅÄ ÂÙ ÁÇÒÉÃÕÌÔÕÒÅȟ ×ÉÔÈ φτȢςϷ ÏÆ ÌÁÎÄ ÁÒÅÁ ÂÅÉÎÇ ÕÓÅÄ ÆÏÒ ÁÇÒÉÃÕÌÔÕÒÅ ÉÎ 

2021 (World Bank, 2024). The majority of agricultural land is used as cropland, making up 47.75% of total 

land area use in 2019 (Li et al., 2021); accurately representing the nature of agriculture and crop growth 

within a model is critical. A large portion of agricultural land within Malawi is used for smallholder, 

ÓÕÂÓÉÓÔÅÎÃÅ ÁÇÒÉÃÕÌÔÕÒÅȠ ψπϷ ÐÅÒÃÅÎÔ ÏÆ -ÁÌÁ×ÉȭÓ ÐÏÐÕÌÁÔÉÏÎ ÁÒÅ ÅÓÔÉÍÁÔÅÄ ÔÏ ÂÅ ÓÕÂÓistence farmers (NPC, 

2020). Smallholder farmers typically operate rainfed agriculture, however, smallholder irrigation has been 

significantly increasing (Mapemba et al., 2020); an estimated 41,053 hectares of Malawian smallholder land 

was under irrigation in 2016, rising to 59,655 hectares in 2019 (Chafuwa, 2017; Government of Malawi, 2019). 

Expansion of smallholder irrigation has been specified as a critical priority by the Government of Malawi, with 

a target of an annual 2% growth in smallholder irrigation (Wiyo and Mtethiwa, 2018). Since 2004, smallholder 

irr igation has been growing at half of this target (1% annual growth) (Wiyo and Mtethiwa, 2018). However, 

the type of irrigation system varies between commercial and smallholder farms. Whilst commercial farms 

typically implement high-cost irrigation technologies such as motorised sprinkler systems (Wiyo and 

Mtethiwa, 2018), irrigation systems used by smallholder farmers generally are gravity-fed systems (47%), 

treadle or motorized pumps (43%) (Government of Malawi, 2019; Wiyo and Mtethiwa, 2018), and watering 

cans (10%) (Government of Malawi, 2019).  

2.2 Stakeholder engagement  

This work sits within an ongoing process of stakeholder engagement spanning over 20 years, forming part of a 

partnership between the Scottish Government and Malawian Government under the Climate Justice Fund 

Water Futures Program. Ongoing work has developed understanding of groundwater and surface water 



ρυω 
 

resources, notably resulting in a revised Groundwater Atlas which has contributed to the much of the 

conceptual understanding of the water dynaMICS within this paper (Kalin et al., 2022).  

Directed stakeholder consultation was sought to guide the modelling process, enabling the development of a 

model more relevant to the context and tailored to stakeholder needs. Three key stakeholders were identified 

from both governmental and non-governmental organisations and provided personal opinions and 

perspectives on water management in Malawi. The organisations were Baseflow, a non-governmental 

Malawian groundwater social enterprise; the National Water Resources Authority (NWRA), a government-

appointed body monitoring and managing water resources; and the Ministry of Water and Sanitation. These 

organisations were selected to provide engagement with both governmental and non-governmental 

organisations, to interrogate a range of opinions and approaches to water management, and to gain expertise 

ÆÒÏÍ ÓÏÕÒÃÅÓ ÒÅÐÒÅÓÅÎÔÉÎÇ ÔÈÅ ÓÐÅÃÔÒÕÍ ÏÆ ÁÃÔÏÒÓ ÉÎÖÏÌÖÅÄ ÉÎ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒȢ  

Stakeholder engagement was conducted through semi-structured interviews. The interviews focused on 

gaining insight into what stakeholders perceived to be significant considerations for water management, 

particularly focusing on groundwater, both currently and in the future. During interviews, the overall model 

structure of CWatM was discussed, stakeholders were encouraged to comment on the model structure, 

identifying gaps and areas where the model should be tailored to the context. Space was also given for 

stakeholders to identify areas where future hydrological modelling would be most beneficial. The interview 

questions, through which these comments were collected, are provided in the Supplementary Information. 

Following stakeholder interviews, feedback was evaluated and categorised into thematic groups.  

2.3 CWatM Model Initalisation and Modification  

This research used the open-access, hydrological Community Water Model (CWatM) (Burek et al., 2020). The 

CWatM enables the integration of multiple hydrological processes and water management scenarios. Both the 

default and stakeholder model were run at a high resolution of 5-arc minutes (approximately 10km at the 

equator) for the basin. The representation of Lake Malawi within the CWatM was modified for both models to 

account for the presence of the Kamuzu Barrage and regulated lake outflow which has significant implications 
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for river flow. A regular discharge, different in the dry and wet season, as a proportion of the lake volume was 

set based on literature estimates (Bhave et al., 2020). 

The model was run from 1965-2009. The start date of model simulation was determined as after the 

construction of the Kamuzu Barrage, built in 1965 (Sehatzadeh et al., 2017). The end data of simulation was 

determined due to the availability of consistently measured historical meteorological data for 1900-2009. The 

ÆÉÒÓÔ ρυ ÙÅÁÒÓ ÏÆ ÓÉÍÕÌÁÔÉÏÎ ×ÅÒÅ ÕÓÅÄ ÁÓ Á ȬÓÐÉÎ-ÕÐȭ ÐÅÒÉÏÄ ÔÏ ÅÓÔÁÂÌÉÓÈ ÔÈÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÔÁÂÌÅ ÁÎÄ ÒÅÓÕÌÔÓ ÆÒÏÍ 

1980-2009 are evaluated here. 

A stakeholder informed model was developed based on stakeholder feedback and knowledge surrounding the 

hydrological context. Figure 2 provides an overview of the use of stakeholder feedback in the modelling 
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ÐÒÏÃÅÓÓ ÏÆ ÂÏÔÈ ÔÈÅ ȬÄÅÆÁÕÌÔȭ ÁÎÄ ȬÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄȭ ÍÏÄÅÌÓȢ 4ÈÅ ÁÒÅÁÓ ÏÆ ÍÏÄÉÆÉÃÁÔÉÏÎ ÁÒÅ ÓÕÍÍÁÒÉÓÅÄ ÉÎ 

Table 1.  

 

4ÁÂÌÅ υȡ !ÒÅÁÓ ÏÆ ÍÏÄÉУÉÃÁÔÉÏÎ ÉÄÅÎÔÉУÉÅÄ ÂÙ ÓÔÁËÈÏÌÄÅÒÓ ÁÎÄ ÌÉÔÅÒÁÒÁÔÕÒÅ ÁÎÄ ÍÅÔÈÏÄÏÌÏÇÙ ÆÏÒ ÍÏÄÉУÉÃÁÔÉÏÎȢ 

-ÏÄÉУÉÃÁÔÉÏÎÓ ÐÒÉÍÁÒÕÌÙ ÆÒÏÍ ÓÔÁËÅÈÏÌÄÅÒ ÅÎÁÇÁÍÅÎÔ ÁÒÅ ÍÁÒËÅÄ ×ÉÔÈ ÁÎ ÁÓÔÅÒÉÓË ɉɕɊ ×ÈÉÌÓÔ ÍÏÄÉУÉÃÁÔÉÏÎÓ 

ÐÒÉÍÁÒÉÌÙ ÆÒÏÍ ÌÉÔÅÒÁÔÕÒÅ ÁÒÅ ÍÁÒËÅÄ ×ÉÔÈ Á ÄÅÌÔÁ ɉɝɊȢ 

&ÉÇÕÒÅ φȡ )ÎÃÏÒÐÏÒÁÔÉÏÎ ÏÆ ÓÔÁËÅÈÏÌÄÅÒ ÅÎÇÁÇÅÍÅÎÔ ÉÎÔÏ ÔÈÅ ÍÏÄÅÌÌÉÎÇ ÓÔÒÕÃÔÕÒÅ ÓÈÏ×ÉÎÇ ÔÈÅ ÄÉÆÆÅÒÅÎÃÅ ÉÎ ÔÈÅ ȬÄÅÆÁÕÌÔȭ 

ÁÎÄ ȬÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄȭ ÍÏÄÅÌÓ ÕÓÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÐÉÅÃÅȢ 3ÔÁËÅÈÏÌÄÅÒ ÅÎÇÁÇÅÍÅÎÔ ÔÏÏË ÔÈÅ ÆÏÒÍ ÏÆ ÓÅÍÉȤÓÔÒÕÃÔÕÒÅÄ 

ÓÔÁËÅÈÏÌÄÅÒ ÉÎÔÅÒÖÉÅ×Ó ÆÏÃÕÓÅÄ ÏÎ ÈÏ× ÔÏ ÒÅÐÒÅÓÅÎÔ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ  
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Area of 
modification 

Modification Rationale Method of modification 

Hydrological / 
geomorphological 
representation 

Groundwater 
ÌÁÔÅÒÁÌ ÆÌÏ× ɕȟ ɝ 

Within the CWatM model, there is 
no lateral flow within 
groundwater (Burek et al., 2020). 
This particularly holds back 
modelling of groundwater table 
depth. 

The CWatM hydrological model was 
coupled with the three-dimensional 
finite -difference groundwater flow 
model MODFLOW at 5km resolution to 
as outlined by Guillermont et al., 2022 
(Langevin, 2017; Guillaumot et al., 
2022).  

Aquifer 
ÐÒÏÐÅÒÔÉÅÓ ɝ 

Aquifer porosity and thickness 
impact groundwater flow 
regimes, particularly influencing 
groundwater-surface water 
dynaMICS (Kalin et al., 2022). 
Porosity and thickness vary 
between aquifer types. 

A shapefile of the three main aquifer 
units in the study area was generated 
to capture the dynaMICS of the 
hydrogeology of the study area (Kalin 
et al., 2022). The main aquifer units 
considered were: consolidated 
sedimentary rock units, 
unconsolidated sedimentary units 
overlying a weathered basement, and 
weathered basement units overlying 
fractured basement. Based on 
literature estimates, aquifer porosity 
and thickness estimates were set for 
each aquifer type (Kalin et al., 2022) 
and used to create a heterogeneous 
raster file of aquifer thickness and 
porosity. The given values selected for 
the aquifer units are summarised in 
Table 2. 

Wetlands/ 
$ÁÍÂÏÓ ɝ 

Ȭ$ÁÍÂÏÓȭ ɉ×ÅÔÌÁÎÄÓ ×ÉÔÈ 
hydromorphic soils) act to retain 
water (Kalin et al., 2022; von der 
Heyden, 2003) thereby strongly 
influencing groundwater 
dynaMICS and surface water 
flows. 

To simulate the water retention within 
wetlands, a wetland shapefile was 
generated using satellite imagery to 
identify areas as wetlands. In wetland 
areas, the channel gradient was 
reduced and the channel length was 
increased to simulate longer water 
retention times within these areas. 

Water management Domestic water 
abstraction 
source 
(groundwater vs 
surface water) * 

There is significant variation in 
the source of domestic water use 
in urban and rural areas with a 
more substantial reliance on 
groundwater in rural areas. 
Groundwater is estimated as the 
main water source for domestic 
use for 82.3% of the rural 
population and 19.8% of the 
urban population (Chavula, 
2012). 

A raster file for the basement was 
developed at 5 arc minute resolution. 
Regions within Malawi were 
categorised as urban or rural. 

In urban areas 80% of water demand 
was assumed to be met by surface 
water (reservoirs) and the remaining 
20% from groundwater. Within rural 
areas 20% of water demand was met 
from surface water (reservoirs) and 
the remaining 80% was supplied from 
groundwater. 
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Domestic water 
demand * 

Urban areas have high per capita 
water consumption rates (mainly 
due to differences in sanitation 
and hygiene practices). Rural per 
capita daily water requirement is 
estimated at 36L (Mkondiwa et 
al., 2013) whilst the urban 
requirement (taking the case of 
Blantyre City), is estimated as 
152L (Maoulidi, 2012 ). 

! ÒÁÓÔÅÒ ÆÉÌÅ ÏÆ -ÁÌÁ×ÉȭÓ ÐÏÐÕÌÁÔÉÏÎ 
divided by rural and urban areas 
(Hinton et al., in review) was multiplied 
by estimates of domestic water 
withdrawal and consumption 
requirements for urban and rural 
populations. Rural consumption was 
assumed to be 36 L/person/ day 
whilst urban consumption was 
assumed to be 152 L/person/day.  

Irrigation *  Over 80% of the population of 
Malawi practise smallholder 
farming (NPC, 2020), making 
smallholder agriculture an 
important consideration in land 
management. Due to the 
seasonality of precipitation, most 
agriculture in the dry season 
requires irrigation (Mapemba, 
2020). 

The percentage of land used for 
smallholder farming was taken from 
IFPRI Harvest Choice estimates (Koo et 
al., 2020).  

We assume that 5% of smallholder 
land is irrigated (to the same intensity 
as commercially irrigated farmland). It 
was assumed that irrigation was 
evenly distributed among all land with 
smallholder agriculture.   

To account for the increase in irrigated 
cropland, land classified (land use 
raster file) as grassland was selected 
for reclassification to irrigated 
cropland.  

Sanitation (pit-
latrines) * 

The majority of the population of 
Malawi uses pit latrines as their 
primary sanitation source (Hinton 
et al., 2023). Wastewater is 
assumed to be discharged into 
river systems in CWatM; however, 
in the case of pit-latrines this 
wastewater enters soil systems 
and into groundwater storage. 

Where pit-latrines are used, 
wastewater is routed to enter 
groundwater recharge rather than be 
discharged into rivers. The percentage 
of the population using pit latrines was 
added as an additional variable, by 
default this is set to 92% (Hinton et al., 
2023). 
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4ÁÂÌÅ φȡ !ÑÕÉÆÅÒ ÐÒÏÐÅÒÔÉÅÓ ÏÆ ÔÈÒÅÅ ÍÏÓÔ ÃÏÍÍÏÎ ÁÑÕÉÆÅÒ ÔÙÐÅÓȢ $ÁÔÁ ÆÒÏÍ +ÁÌÉÎ ÅÔ ÁÌȢȟ φτφφ ɉ×ÉÔÈ ÐÅÒÍÉÓÓÉÏÎɊȢ 

Aquifer unit  Porosity/%  Thickness/m  

Consolidated sedimentary rock units 10 50 

Unconsolidated sedimentary units overlying weathered basement 25 35 

Weathered basement units overlying fractured basement 5 25 

 

2.4 Validation and calibration 

Basin-wide scale model validation was undertaken by comparing model outputs with remote sensing 

observations of precipitation and evapotranspiration, the major input and output (respectively) within the 

model. These were obtained for the study area using Google Earth Engine (Gorelick et al., 2017). Daily 

precipitation estimates were obtained from the TRMM 3B42 (Huffman, 1997; Huffman, 2012; Huffman et al., 

1997; Huffman et al., 2007; Hufman et al., 2001; Huffman et al., 1995). Meanwhile, 5 evapotranspiration 

remote sensing datasets, at varying temporal and spatial resolutions, were used for comparison: NASA GLDAS 

(Rodell et al., 2004), MODIS 500m (Running and Mu, 2015), Terraclimate (Abatzoglou et al., 2018), NASA 

SMAP (Reichle et al., 2022), and PML_V2 (Zhang et al., 2019; 2016; Gan et al., 2018). The PML_V2 estimate 

breaks down evaporation into 3 components (Ec, Ei, and Es), to evaluate total evaporation these were summed 

(Zhang et al., 2019; 2016; Gan et al., 2018).  

Manual model calibration was achieved through comparison on observed and simulated streamflow. River 

flow data was provided by the Government of Malawi, Ministry of Water and Sanitation. Monitoring stations 

on 35 rivers, representing all regions of Malawi, were selected for comparison. Only monitoring stations with 
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more than 15 years of data were utilised. Where multiple monitoring stations were available for a given river, 

the monitoring station furthest downstream was selected. The monitoring stations and rivers are summarised 

in Appendix Table 1 alongside the dates for which measured streamflow data was available. Ten major rivers 

were identified as particularly important monitoring stations and are highlighted in bold. The locations of the 

discharge stations (with major river discharge stations labelled) is shown in Figure 1. 

Model performance, comparing simulated to observed streamflow, was calculated using the Kling-Gupta 

Efficiency (KGE) in equation 1.  

ὑὋὉρ ὶ ρ ρ
Ⱦ

Ⱦ
ρ  ɉρɊ 

7ÈÅÒÅ Ò ÉÓ ÔÈÅ ÐÅÁÒÓÏÎ ÃÏÅÆПÉÃÉÅÎÔȟ ‘ÉÓ ÔÈÅ ÍÅÁÎ ÓÔÒÅÁÍПÌÏ× ÏÆ ÔÈÅ ÓÉÍÕÌÁÔÅÄ ÔÉÍÅ ÓÅÒÉÅÓȟ ‘ ÉÓ ÔÈÅ ÍÅÁÎ 

ÓÔÒÅÁÍПÌÏ× ÏÆ ÔÈÅ ÏÂÓÅÒÖÅÄ ÔÉÍÅ ÓÅÒÉÅÓȟ „ ÉÓ ÔÈÅ ÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎ ÏÆ ÔÈÅ ÓÉÍÕÌÁÔÅÄ ÄÁÔÁȟ ÁÎÄ „ÉÓ ÔÈÅ 

ÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎ ÏÆ ÔÈÅ ÏÂÓÅÒÖÅÄ ÄÁÔÁȢ  

! +'% ÖÁÌÕÅ ЄȤπȢτ ×ÁÓ ÔÁËÅÎ ÁÓ ÁÄÅÑÕÁÔÅ ÍÏÄÅÌ ÐÒÅÄÉÃÔÉÖÅ ÐÅÒÆÏÒÍÁÎÃÅ ÏÆ ÓÔÒÅÁÍ ПÌÏ× ɉ%ÌÍÉ ÅÔ ÁÌȢȟ ςπςτɊȢ To 

evaluate the model performance of the default model in comparison to the stakeholder informed model, KGE 

Figure 4: Study area, Lake Malawi Shire River Basin. Discharge monitoring stations used in this study are 

shown.Major stations are highlighted in red and the river they correspond to it labelledȢ 
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values at the 35 national monitoring stations were compared, evaluating the number of discharge stations in 

which streamflow was adequately represented. 

2.4 Total water storage  

Changes in the total water storage, the volume of water stored within all surface water, groundwater, and soil 

systems, were evaluated in the models. Remote sensing estimates via the Gravity Recovery and Climate 

Experiment (GRACE) satellites were used to validate variations in the total water storage of the basin 

(Swenson, 2012; Landerer and Swenson, 2012; Swenson and Wahr, 2006). The GRACE total water storage 

estimates analysed differences in total water storage compared to the average total water storage from 2004-

2009. To enable validation with GRACE satellite data, the total water resources for the basin modelled through 

CWatM were compared to the average modelled estimates from 2004-2009. Three different datasets of GRACE 

data from three processing centres were used: JPL (Jet Propulsion Laboratory), GFZ (GeoforschungsZentrum 

Potsdam), and CSR (Center for Space Research at University of Texas). Total water storage change measured 

by GRACE was compared to the default and stakeholder informed models.  

To evaluate the fit of the simulated data to the GRACE data, four goodness of fit indices were employed to 

better capture the difference characteristics of GRACE data in comparison to the simulated TWS (Akl and 

Thomas, 2022): the Kling-Gupta Efficiency (KGE), Root Mean Squared Error (RMSEȟ Nash-Suttclife Efficiency 

(NSE), and the Spearman Correlation (SC) (Akl and Thomas, 2022). These indices, summarised in Equations 1-

4, were used to evaluate the performance of the default and stakeholder informed CWatM models. 

ὙὓὛὉ В  ‘  ‘   ɉςɊ 

ὔὛὉρ
В

В
 ɉσɊ 

Ὓὅ  
В

В В

 ɉτɊ 

Where N is the number of data points, ‘ is the measured streamflow and  ‘ is the predicted streamflow, ‘Ӷ ÉÓ 

ÔÈÅ ÍÅÁÎ ÍÅÁÓÕÒÅÄ ÓÔÒÅÁÍПÌÏ×ȟ ÁÎÄ ‘ ÉÓ ÔÈÅ ÍÅÁÎ ÐÒÅÄÉÃÔÅÄ ÓÔÒÅÁÍПÌÏ×Ȣ   
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2.4 Groundwater Storage 

The model with the best performance was selected based on the number of discharge stations 

adequately simulated as well as identifying the model with the best overall performance, across 

multiple indices, for simulation of GRACE TWS data. The total groundwater storage was also 

evaluated for the model with best performance. To estimate the equivalent groundwater table 

height (m), the total volume of groundwater (m3) was divided by the total basin surface area 

(m2). Simulated groundwater storage from 1980-2009 was analysed to evaluate groundwater 

storage change over time.  

3. Results 

3.1 Stakeholder engagement 

All stakeholders identified the influence of a growing population, and meeting the domestic 

water requirements of such a population, as a critical consideration for current and future water 

management. There was a consensus among stakeholders that, even asÓÕÍÉÎÇ Á ȬÃÏÎÓÔÁÎÔȭ 

water supply, the growing population will result in falling water resources per capita, pushing 

Malawi closer to water scarcity. The difference in water demand (both volume and source) 

within urban and rural areas was also identified as a critical consideration in national water 

demand dynaMICS. To meet future domestic water demand within urban areas, plans have been 

developed to expand surface water abstraction through further dam construction and, notably, 

by proposed developments to pipe water from Lake Malawi to meet the growing water 

requirements of Lilongwe City (Lilongwe Water Board, 2018). Proposals to pie water from Lake 

Malawi to Lilongwe city were mentioned multiple times by stakeholders as essential 

considerations in future water management: Ȱ)Æ ÉÔ ×ÏÒËÓȟ ÉÔ ÍÁÙ ÃÈÁÎÇÅ ÔÈÅ ÌÁÎÄÓÃÁÐÅ ÏÆ ×ÁÔÅÒ 

supplyȱȢ  

Within the context of domestic water management, the type of sanitation used was 

acknowledged to influence both (ground)water abstraction, as water demands vary between 
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sanitation infrastructure, and groundwater recharge. Sanitation was also highlighted as a 

significant driver within water quality due to faecal water contamination (Hinton et al., in 

review; Graham and Polizotto, 2013). It was even suggested that this could also influence the 

demand for groundwater/ piped surface water, with the potential for people to prefer piped 

water sources as sanitation infrastructure may contaminate groundwater sources.  

The interface between surface water and groundwater was also mentioned as a significant 

ÆÁÃÔÏÒ ÉÎ ÕÎÄÅÒÓÔÁÎÄÉÎÇ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ 4ÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÃÏÎÓÉÄÅÒÉÎÇ ÂÏÔÈ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÁÎÄ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÉÎ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÙÓÔÅÍÓ ɉ+ÅÌÌÙ ÅÔ ÁÌȢȟ ςπςπɊ ×ÁÓ ÁÌso 

ÅÍÐÈÁÓÉÓÅÄȡ ȰGroundwater is vital to river systemsȱȢ  

Agriculture was also identified as an important consideration in water management in Malawi 

due to water use in irrigation (NPC,2020; Mapemba et al., 2020). The impact of agriculture on 

water management in Malawi was discussed as distinct for commercial agriculture compared to 

smallholder agriculture through the differences in irrigation previously discussed. Planned 

developments to incrÅÁÓÅ ÔÈÅ ÅØÔÅÎÔ ÏÆ ÃÏÍÍÅÒÃÉÁÌ ÁÇÒÉÃÕÌÔÕÒÅ ÁÎÄ ÔÈÅ ÇÅÎÅÒÁÔÉÏÎ ÏÆ ȬÍÅÇÁ 

ÆÁÒÍÓȭ ×ÁÓ ÍÅÎÔÉÏÎÅÄ ÂÙ ÓÔÁËÅÈÏÌÄÅÒÓ ÁÓ ÂÅÉÎÇ Á ÃÒÉÔÉÃÁÌ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÆÏÒ -ÁÌÁ×ÉȭÓ ÆÕÔÕÒÅ 

water demand (NPC, 2020).  

However, the importance of accounting for smallholder irrigation and smallholder agriculture 

within models of water management in Malawi was identified as a critical component of 

ÍÏÄÅÌÌÉÎÇ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÇÉÖÅÎ ÔÈÅ ÅØÔÅÎÔ ÏÆ ÓÍÁÌÌÈÏÌÄÅÒ ÁÇÒÉÃÕÌÔÕÒe, practiced by 

over 80% of the population (NPC, 2020). Stakeholders iterated that the majority of smallholder 

farmers practice rainfed, subsistence agriculture and do not have intensive irrigation, as seen in 

more commercial farming sectors (Mapemba et al., 2020). It was highlighted that smallholder 

farmers do implement some irrigation systems to enable agriculture during the dry season 

when there is limited precipitation: ȰÁÌÍÏÓÔ ÁÌÌ ÓÍÁÌÌÈÏÌÄÅÒ ÆÁÒÍÅÒÓ ÐÒÁÃÔÉÃÅ ÓÏÍÅ ÆÏÒÍ ÏÆ 

ÉÒÒÉÇÁÔÉÏÎȟ ÅÓÐÅÃÉÁÌÌÙ ÄÕÒÉÎÇ ÔÈÅ ÄÒÙ ÓÅÁÓÏÎȱȢ It was mentioned that a growing push towards 

solar-powered pumps for groundwater abstraction, increasing capacity for year-round 
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irrigation as well as enabling groundwater abstraction in areas where it was previously 

unfeasible, may have important consequences for groundwater abstraction.  

It should be noted that land use and agricultural land management changes also have 

implications for groundwater recharge. Industry was also mentioned as an area of water 

abstraction that is highly connected with agriculture. Climate change and deforestation were 

both mentioned as factors influencing groundwater recharge within Malawi but were mostly 

discussed when considering future influences on groundwater management. The importance of 
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catchment restoration, reforestation, and alternative groundwater recharge initiatives was 

highlighted as a potential future policy intervention in groundwater management.   

The areas of modulation identified by stakeholders and sourced by literature are summarised in 

figure 3.  

 

3.2 Model performance 

&ÉÇÕÒÅ ωȡ !ÒÅÁÓ ÏÆ ÍÏÄÉУÉÃÁÔÉÏÎ ÉÄÅÎÔÉУÉÅÄ ÂÙ ÓÔÁËÅÈÏÌÄÅÒÓ ÁÎÄ ÌÉÔÅÒÁÔÕÒÅȢ ÁɊ ÓÈÏ×Ó ÔÈÅ ÓÔÒÕÃÔÕÒÅ ÏÆ ÔÈÅ #7ÁÔ- 

ÍÏÄÅÌ ÕÓÅÄ ÁÓ ÔÈÅ ȬÄÅÆÁÕÌÔ ÍÏÄÅÌȭ ÈÅÒÅȢ ÂɊ 3ÈÏ×Ó ÔÈÅ #7ÁÔ- ÍÏÄÅÌ ×ÉÔÈ ÁÒÅÁÓ ÏÆ ÍÏÄÉУÉÃÁÔÉÏÎ ÉÎ ÔÈÅ ȬÓÔÁËÅÈÏÌÄÅÒ 

ÉÎÆÏÒÍÅÄ ÍÏÄÅÌȭ ÁÓ ÉÄÅÎÔÉУÉÅÄ ÂÙ ÓÔÁËÅÈÏÌÄÅÒÓ ÁÎÄ ÌÉÔÅÒÁÔÕÒÅȢ ÃɊ 3ÈÏ×Ó ÔÈÅ ÓÐÅÃÉÆÃ ÁÒÅÁÓ ÏÆ ÍÏÄÉУÉÃÁÔÉÏÎ ÏÆ ÔÈÅ 

ÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ ÍÏÄÅÌȟ ÓÐÅÃÉÆÙÉÎÇ ×ÈÅÒÅ ÁÒÅÁÓȾ ÔÈÅÍÅÓ ÆÏÒ ÍÏÄÉУÉÃÁÔÉÏÎ ×ÅÒÅ ÉÄÅÎÔÉУÉÅÄ ÆÒÏÍ ɉÌÉÔÅÒÁÔÕÒÅ 

ÁÎÄ ÓÔÁËÅÈÏÌÄÅÒ ÅÎÁÇÁÇÅÍÅÎÔɊȢ 3ÐÅÃÉУÉÃ ÍÏÄÅÌ ÍÏÄÉУÉÃÁÔÉÏÎÓ ÒÅÌÁÔÅ ÔÏ ÍÏÄÉУÉÃÁÔÉÏÎÓ ÏÕÔÌÉÎÅÄ ÉÎ ÔÁÂÌÅ υȢ !ÒÅÁÓ 

ÉÄÅÎÔÉУÉÅÄ ÆÏÒ ÆÕÔÕÒÅ ÍÏÄÉУÉÃÁÔÉÏÎȾ ÍÏÄÅÌ ÄÅÖÅÌÏÐÍÅÎÔ ÁÒÅ ÁÌÓÏ ÓÈÏ×ÎȢ -ÏÄÅÌ ÓÔÒÕÃÔÕÒÅ ɉÁ ÁÎÄ ÂɊ ÆÒÏÍ "ÕÒÅË ÅÔ 

ÁÌȢȟ φτφτȢ 

ŀύ ōύ 

Ŏύ 
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The major model inputs and outputs were identified as precipitation and evapotranspiration 

(Supplementary Data, Figure 1). Basin-wide validation of evapotranspiration and precipitation 

was conducted by comparison to remote sensing data and was considered appropriate, figures 

are provided in Supplementary Information Figures 2 and 3.  

Streamflow predictive performance was used to evaluate model performance through the Kling-

Gutpa Efficiency (KGE). Table 3 summarizes the model performance at predicting streamflow 

for 35 discharge stations nationally. Cases where the streamflow was inadequately predicted 

(KGE< -0.4) (Elmi et al., 2024) are marked with an asterisk. Major rivers are highlighted in bold. 

The average KGE value for all monitoring stations under the original model was -0.5263, under 

the stakeholder informed model the average KGE value was -0.2206. 
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4ÁÂÌÅ χȡ -ÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅ ÓÔÒÅÁÍУÌÏ× ÓÉÍÕÌÁÔÉÏÎ ÏÆ ÄÉÓÃÈÁÒÇÅ ÓÔÁÔÉÏÎÓȢ #ÁÓÅÓ ×ÈÅÒÅ ÓÔÒÅÁÍУÌÏ× 

×ÁÓ ÉÎÁÄÅÑÕÁÔÅÌÙ ÍÏÄÅÌÌÅÄ ɉ+'%ЇȤτȢψɊ ÁÒÅ ÍÁÒËÅÄ ÂÙ ÁÎ ÁÓÔÅÒÉØȢ -ÁÊÏÒ ÒÉÖÅÒ ÄÉÓÃÈÁÒÇÅ ÓÔÁÔÉÏÎÓ 

ÁÒÅ ÓÈÏ×Î ÉÎ ÂÏÌÄȢ 

Observation station 

code 

River KGE value 

original model 

KGE value stakeholder 

informed model 

ρ#ρ ,ÉÒÁÎÇ×Å πȢρρφ πȢπψφπ 

ρ%ρ -×ÁÍÐÈÁÎÚÉ  πȢπρω ȤπȢσωσ 

ρ%ρω -ÕÄÉ ȤπȢςςτ ȤπȢςστ 

ρ&ρχ ,ÉÖÕÎÚÕ πȢςρψ πȢσπτ 

ρ'ρ 3ÈÉÒÅ ȤπȢπρρ ȤπȢρψσ 

ρ+σ -×ÁÎÚÁ  ȤπȢςτψ ȤπȢςπφ 

ρ-ρ -ËÕÒÕÍÁÄÚÉ ȤπȢπχχπ ȤπȢψςψɕ 

ρ/ρ ,ÉÓÕÎÇ×Å ȤπȢτχωɕ ȤπȢπςτψ 

ρ2σ 2ÉÖÉÒÉÖÉ ȤπȢςσς ȤπȢππψςς 

ρ3χ .ËÁÓÉ ȤπȢρχτ ȤπȢρπω 

σ%ς .ÁÍÉËÏË×Å πȢςχσ πȢςψυ 

σ%σ ,ÉÖÕÌÅÚÉ ȤπȢσχρ ȤπȢπσωτ 

σ&σ .ÁÄÚÉÐÕÌÕ ȤπȢπσππ ȤπȢπωωυ 

τ"ρ ,ÉÎÔÈÉÐÅ πȢρυπ πȢτπχ 

τ#ς ,ÉÌÏÎÇ×Å ȤπȢυωσɕ ȤπȢςυυ 

υ#ρ "ÕÁ ȤπȢρυψ πȢςρπ 

φ#υ -ÐÁÓÁÄÚÉ ȤρȢψχɕ ȤπȢσσυ 

φ$ρπ $×ÁÎÇÁ ȤςȢςυɕ ȤρȢςσɕ 

χ$ψ ,ÕÎÙÁÎÇ×Á ȤπȢρπτ πȢρφσ 

χ'ρτ 3ÏÕÔÈ 2ÕËÕÒÕ ȤρȢυρɕ ȤπȢπτχς 

χ(σ .ÏÒÔÈ 2ÕÍÐÈÉ ȤσȢτχɕ ȤςȢωχɕ 

ψ!υ .ÏÒÔÈ 2ÕËÕËÕ ȤπȢπφπχ πȢπχρχ 

ω!υ +ÁÌÅÎÊÅ ȤσȢυχɕ ȤςȢψτφɕ 

ω"σ +ÁÓÅÙÅ ȤπȢχρψɕ ȤπȢρςυ 

ω"χ 3ÏÎÇ×Å πȢυσυ πȢσωω 

ρτ!ρ .ÁÍÁÄÚÉ ȤπȢωυτɕ ȤπȢπυφχ 

ρτ!ς ,ÕÃÈÅÎÚÁ ȤπȢρσσ πȢπφσυ 

ρτ"ρ +×ÁË×ÁÓÉ ȤςȢπψɕ ȤπȢσςσ 

ρτ"ς 4ÈÕÃÈÉÌÁ ȤπȢρρσ πȢσυω 

ρτ"τ .Ó×ÁÄÚÉ ȤπȢρωχ πȢπυφω 

ρτ#ς 2ÕÏ ȤπȢςωσ ȤπȢςψχ 

ρτ#χ -ÕÌÏÚÁ πȢσπχ πȢσπτ 

ρυ!τ #ÈÉÒÕÁ ȤπȢσπφ ȤπȢπψττ 

ρυ!ψ ,ÉÎÇÁÄÚÉ πȢςπσ πȢσπω 

ρφ%φ $×ÁÍÂÁÄÚÉ ȤπȢπςψφ ȤπȢπυυτ 
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3.3 Total Water Storage 

Total water storage was calibrated against GRACE data. A comparison of GRACE data to total 

water storage data under 4 goodness of fit metrics (Akl and Thomas, 2022) is summarised in 

Table 4. For NSE, KGE, and RMSE, the stakeholder informed model provided better predictions 

of total water storage change for all sources of GRACE data (CSR, GZP, and JPL). The default 

model had higher Spearman correlation for all sources of GRACE data. Both models under 

predicted the extend of annual fluctuations in total water storage.  

4ÁÂÌÅ ψȡ 'ÏÏÄÎÅÓÓ ÏÆ УÉÔ ÏÆ ÓÉÍÕÌÁÔÅÄ ÔÏÔÁÌ ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÎÄ '2!#% ÒÅÍÏÔÅ ÓÅÎÓÅÄ ÅÓÔÉÍÁÔÅÓ ÏÆ 

ÔÏÔÁÌ ×ÁÔÅÒ ÓÔÏÒÁÇÅȢ 4ÈÅ ÍÏÄÅÌ ×ÉÔÈ ÔÈÅ ÂÅÓÔ ÐÅÆÏÒÍÁÎÃÅ ÆÏÒ ÔÈÅ ÇÉÖÅÎ ÇÏÏÄÎÅÓÓ ÏÆ УÉÔ ÉÎÄÅØ ÁÎÄ 

ÓÏÕÒÃÅ ÏÆ '2!#% ÄÁÔÁ ÉÓ ÈÉÇÈÌÉÇÈÔÅÄ ÉÎ ÂÏÌÄȢ /ÖÅÒÁÌÌ ÔÈÅ ÓÔÁËÅÈÏÌÄÅÒȤÉÎÆÏÒÍÅÄ ÈÁÄ ÂÅÔÔÅÒ 

ÐÅÒÆÏÒÍÁÎÃÅ ÆÏÒ .3%ȟ +'%ȟ ÁÎÄ 2-3% ×ÈÉÌÓÔ ÔÈÅ ÄÅÆÁÕÌÔ ÍÏÄÅÌ ÐÅÒÆÏÍÅÄ ÂÅÔÔÅÒ ÆÏÒ 3ÐÅÁÒÍÁÎ 

#ÏÒÒÅÌÁÔÉÏÎȢ  

Model Goodness of fit index GRACE CSR GRACE GZP GRACE JPL 

$ÅÆÁÕÌÔ .3% πȢςςς πȢςςτ πȢςςς 

 +'% ȤφȢψω ȤςȢυφ ȤτȢρψ 

 2-3%Ⱦ ÃÍ πȢωπς ρȢςς ρȢρτ 

 3ÐÅÁÒÍÁÎ ÃÏÒÒÅÌÁÔÉÏÎ πȢυρσ πȢυσπ πȢτψψ 

3ÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ .3% πȢσπς πȢσπφ πȢσπρ 

 +'% ȤυȢσφ ȤςȢσυ ȤσȢτς 

 2-3%ȾÃÍ πȢψχρ ρȢρρ ρȢπψ 

 3ÐÅÁÒÍÁÎ ÃÏÒÒÅÌÁÔÉÏÎ πȢυππ πȢυρφ πȢτχυ 

As the stakeholder informed model had better model performance for streamflow data and for 

GRACE data comparison, it was used to evaluate the groundwater storage change. The change in 
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TWS compared to GRACE data for the stakeholder informed model is summarised in 

supplementary information. 

χȢψ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ 

4ÈÅ ÃÈÁÎÇÅ ÉÎ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ×ÁÓ ÅÖÁÌÕÁÔÅÄ ÕÓÉÎÇ ÔÈÅ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ 

model, as this had better model performance for simulating discharge data and TWS. The 

change in groundwater storage is shown in Figure 4.  

From 1980-2010, there was a decrease in groundwater storage from an average of 670.4 km3 in 

1980 to 652.5 km3 in 2009 (end), this represents a 17.83 km3 reduction over 30 years and a 

loss of 2.66% of total groundwater storage from 1980. This corresponds to an initial equivalent 

groundwater table depth of 4.27m for 1980 falling to 4.15m by 2009, representing an 11.4 cm 

average drop in groundwater table depth over the 30 years and an average decline of 3.79mm/ 

&ÉÇÕÒÅ ψȡ #ÈÁÎÇÅ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ɉËÍχɊ ÆÒÏÍ υύότȤ φττύ ɉÅÎÄɊȢ 3ÉÍÕÌÁÔÅÄ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÓÔÏÒÁÇÅ ÉÓ ÓÈÏ×Î ÁÓ ÇÒÅÙ ÌÉÎÅȢ 4ÒÅÎÄÓ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÓ ÓÈÏ×Î ÉÎ ÂÌÕÅȟ ÌÏÅÓÓ ɉÓÏÌÉÄ ÂÌÕÅɊȟ ÌÉÎÅÁÒ 

ÔÒÅÎÄ ɉÂÌÕÅ ÄÁÓÈÅÄɊȢ 
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year. A constant linear trend line is fitted (R2= 0.908) as well as a local regression (loess) trend 

line, span 0.75.  
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4. Discussion 

4.1 Stakeholder informed model of water resources 

Hydrologic modelling can provide a valuable tool to enhance understanding of both current and 

future water resources (Chen et al., 2021). It can be of particular benefit in areas where in situ 

data is limited due to logistical or resource constraints (#ÈÁÖÁÒÒąǲÁ ÅÔ ÁÌȢȟ ςπςς). Groundwater is 

an aspect of water resource management that can be particularly hard to monitor and manage, 

typically requiring significant investment to develop groundwater monitoring wells which 

subsequently require continuous management to ensure maintenance and gather data (Kalin et 

al., 2022; IGRAC, 2013). In regions where there is limited groundwater monitoring data, 

hydrologic models provide a way to fill the knowledge gap. Yet, despite the potential benefits of 

appropriate modelling of water resources, particularly groundwater, many hydrologic models 

perform poorly in understudied regions (#ÈÁÖÁÒÒąǲÁ ÅÔ ÁÌȢȟ ςπςς) and few appropriately model 

groundwater resources ('ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςς).  

Malawi is a context in which enhanced understanding of groundwater resources is greatly 

ÎÅÅÄÅÄȢ $ÅÓÐÉÔÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÂÅÉÎÇ Á ÃÅÎÔÒÁÌ ÃÏÍÐÏÎÅÎÔ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÙÓÔÅÍȟ ÁÃÃÏÕÎÔÉÎÇ 

for over 80% of domestic water use (Graham and Polizotto, 2013), both the quantity and trends 

ÉÎ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÒÅ ÌÁÒÇÅÌÙ unknown (Kalin et al., 2022). The lack of 

understanding of groundwater is largely due to an inadequate network of monitoring wells, 

which limit current monitoring, as well as there being no historic measurements of 

groundwater data (Kalin et al., 2022). Anecdotal evidence suggests that groundwater levels 

have been declining, with some areas experiencing a drop of 1m groundwater/ year (personal 

correspondence), however, such data is unable to guide national level policy decisions. Such a 

lack of understanding of groundwater greatly restricts the ability for policy decisions to be 

sufficiently informed as well as effective water management in general within Malawi.  

Here, we apply to global Community Water Model (CWatM) to the Lake Malawi Shire River 

"ÁÓÉÎ ɉ,-32"Ɋ ÔÏ ÉÎÆÏÒÍ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ɉ"ÕÒÅË ÅÔ ÁÌȢȟ ςπςπɊȢ 
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#ÏÖÅÒÉÎÇ ωτϷ ÏÆ -ÁÌÁ×ÉȭÓ ÌÁÎÄ ÁÒÅÁ ÁÎÄ ÁÃÃÏÕÎÔÉÎÇ ÆÏÒ ÍÏÓÔ ÏÆ ÉÔÓ ×ÁÔÅÒ ÓÔÏÒÁÇÅȟ ÔÈÅ ,-32" ÉÓ 

ÔÈÅ ÍÏÓÔ ÓÉÇÎÉÆÉÃÁÎÔ ÂÁÓÉÎ ÆÏÒ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÍÁÎÁÇÅÍÅÎÔȢ 0ÒÅÖÉÏÕÓ ÓÔÕÄÉÅÓ ÈÁÖÅ 

simulated critical components of the LMSRB (Bhave et al., 2020; 2022; Sehatzadeh, 2011) but no 

ÓÔÕÄÙ ÈÁÓ ÙÅÔ ÄÅÖÅÌÏÐÅÄ Á ÍÏÄÅÌ ÏÆ ÔÈÅ ÂÁÓÉÎȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅȢ 4Ï ÂÅÔÔÅÒ ÁÃÃÏÕÎÔ ÆÏÒ ÔÈÅÓÅ 

gaps and inform national policy, the model was coupled with the groundwater flow model 

MODFLOW to better simulate groundwater dynaMICS ('ÕÉÌÌÁÕÍÏÔ ÅÔ ÁÌȢȟ ςπςς). The model was 

calibrated with discharge data from monitoring stations on 35 rivers nationally and validated 

with remote sensing data of evapotranspiration, precipitation, and total water storage. The 

model failed to adequately simulate river flow in 29% ÏÆ ÒÉÖÅÒÓ ÇÅÎÅÒÁÌÌÙ ÁÎÄ σπϷ ÏÆ -ÁÌÁ×ÉȭÓ 

(10) major rivers, limiting inference into the model outputs.  

3ÔÁËÅÈÏÌÄÅÒ ÅÎÇÁÇÅÍÅÎÔ ×ÁÓ ÕÓÅÄ ÔÏ ÉÎÆÏÒÍ ÁÎÄ ÅÎÈÁÎÃÅ ÍÏÄÅÌÌÉÎÇ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ 

resources. A stakeholder informed modelling approach was used to modulate the CWatM to 

ÂÅÔÔÅÒ ÒÅÐÒÅÓÅÎÔ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÃÏÎÔÅØÔ ÔÈÒÏÕÇÈ Á ÓÅÒÉÅÓ ÏÆ ÓÅÍÉ-structured interviews and 

identification of areas for modulation. The stakeholder informed model incorporated context 

specific modification of hydraulic properties (groundwater representation, aquifer properties, 

ÁÎÄ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ×ÅÔÌÁÎÄÓȾ ȬÄÁÍÂÏÓȭɊ ÁÌÏÎÇÓÉÄÅ ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎt representation 

(domestic water demand and source, sanitation, and agricultural practices). Model performance 

for the stakeholder informed model was compared to the default model structure (both 

calibrated and with MODFLOW and the Kamuzu Barrage representation). Overall, the 

stakeholder informed model had much improved model performance; the stakeholder model 

adequately predicted 89% of all discharge station streamflow data and 90% of the streamflow 

at discharge stations on the major rivers.  

These findings suggest that stakeholder informed modelling approaches are not only good 

practice in hydrological modelling ɉ%ÄÅÎ ÅÔ ÁÌȢȟ ςπρφɊȟ ÒÅÓÕÌÔÉÎÇ ÉÎ ÂÅÔÔÅÒ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ 

ÐÏÌÉÃÙ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÁÎÄ ПÉÎÄÉÎÇÓ ɉ"ÁÓÃÏȤ#ÁÒÒÅÒÁ ÅÔ ÁÌȢȟ ςπςρɊȟ ÂÕÔ ÃÁÎ ÌÅÁÄ ÔÏ ÂÅÔÔÅÒ ÍÏÄÅÌ 

ÐÅÒÆÏÒÍÁÎÃÅ ÔÈÒÏÕÇÈ ÉÍÐÒÏÖÅÄ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÌÏÃÁÌ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ ÄÙÎÁ-)#3Ȣ 4ÈÅ ×ÏÒË 
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ÈÉÇÈÌÉÇÈÔÓ ÔÈÁÔ ÔÈÉÓ ÁÐÐÒÏÁÃÈ ÃÁÎ ÈÁÖÅ ÐÁÒÔÉÃÕÌÁÒ ÂÅÎÅПÉÔ ÉÎ ÕÎÄÅÒÓÔÕÄÉÅÄ ÒÅÇÉÏÎÓ ×ÈÅÒÅ 

ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÓ ÍÁÙ ÐÅÒÆÏÒÍ ÔÈÅ ×ÏÒÓÔ ÁÎÄ ÙÅÔ ÁÒÅ ÎÅÅÄÅÄ ÔÈÅ ÍÏÓÔ ɉ#ÈÁÖÁÒÒąǲÁ ÅÔ ÁÌȢȟ 

ςπςςɊȢ 4ÈÅ ÍÏÄÉПÉÃÁÔÉÏÎÓ ÈÉÇÈÌÉÇÈÔÅÄ ÉÎ ÔÈÉÓ ×ÏÒË ÐÒÏÖÉÄÅ ËÅÙ ÌÅÁÒÎÉÎÇÓ ÎÏÔ ÏÎÌÙ ÆÏÒ ÍÏÒÅ 

ÅÆÆÅÃÔÉÖÅÌÙ ÍÏÄÅÌÌÉÎÇ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÂÕÔ ÁÌÓÏ ÐÒÏÖÅ ÃÏÎÓÅÑÕÅÎÔÉÁÌ ÆÏÒ ÍÏÄÅÌÌÉÎÇ 

ÏÔÈÅÒ ÂÁÓÉÎÓ ×ÉÔÈÉÎ 3ÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁȢ 3ÏÍÅ ÏÆ ÔÈÅ ÍÏÄÉПÉÃÁÔÉÏÎÓ ÏÆ ÎÏÔÅ ÆÏÒ ÍÏÄÅÌÌÉÎÇ ÓÉÍÉÌÁÒ 

ÂÁÓÉÎÓ ÁÒÅ ÔÈÅ ÉÎÃÌÕÓÉÏÎ ÏÆ ÓÍÁÌÌȤÈÏÌÄÅÒ ÁÇÒÉÃÕÌÔÕÒÅ ÉÒÒÉÇÁÔÉÏÎȟ ÐÉÔȤÌÁÔÒÉÎÅ ÓÁÎÉÔÁÔÉÏÎ ÓÙÓÔÅÍÓȟ ÁÎÄ 

ÄÁÍÂÏÓ ɉ×ÅÔÌÁÎÄÓɊȢ  

4.2 Evaluation of model performance 

Of the 35 major stations used for measured and simulated streamflow comparison, streamflow 

at only 1 station was inadequately represented in both the default and stakeholder informed 

models, station 6D10 on the Dwanga river. The station is located within Water Resource Area 

(WRA) 6, an area featuring many dambos/ seasonal wetlands (Kalin et al., 2022b). The default 

model consistently underpredicted water flow within this station, with simulated streamflow 

falling to approximately 0 over the dry season and resulting in poor model performance. This is 

likely due to an underrepresentation of baseflow within this region which, on average, accounts 

for 97% of river flow in the dry season in Malawi (Kelly et al., 2020). The stakeholder informed 

model generated a model modification to simulate dambos (seasonal wetland areas), these 

geographic features increase water retention and, consequently, baseflow in these regions 

(Kalin et al., 2022; von der Heyden, 2003). This resulted in an improvement in streamflow 

representation for the two monitoring stations within WRA6, stations 6C5 and 6D10 on the 

small -ÐÁÓÁÄÚÉ ÁÎÄ ÌÁÒÇÅ $×ÁÎÇÁ ÒÉÖÅÒÓ ÒÅÓÐÅÃÔÉÖÅÌÙȢ For station 6C5 on the Mpadzi river, this 

modification resulted in substantial model improvement, from inadequate streamflow 

prediction under the default model to adequate prediction under the stakeholder informed 

model. However, after noting the modification, station 6D10 on the Dwanga river had an 

overprediction of streamflow and inadequate model performance, suggesting there was too 

strong a simulated influence of dambos at this station. Despite both models having inadequate 
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prediction of streamflow data, the stakeholder informed model did have an improved predictive 

ÐÏ×ÅÒȟ ÓÕÇÇÅÓÔÉÎÇ ÔÈÁÔ ÔÈÅ ÉÎÃÏÒÐÏÒÁÔÉÏÎ ÏÆ ×ÅÔÌÁÎÄȾ ȬÄÁÍÂÏȭ ÁÒÅÁÓ ÉÓ ÂÅÎÅÆÉÃÉÁÌ ÆÏÒ ×ÁÔÅÒ 

resource modelling. Further work should build upon the representation of dambos within this 

model, particularly with regard to the potential for heterogeneous representation of wetlands 

influence to improve model performance in other contexts.  

The change in TWS (total volume of water stored in surface water, groundwater, and soil 

systems) was also evaluated for both models to evaluate model performance. This was 

compared to remotely sensed estimates of TWS from GRACE satellite data (Swenson, 2012; 

Landerer and Swenson, 2012; Swenson and Wahr, 2006). For each model (default and 

stakeholder informed), simulated TWS was compared to GRACE satellite data estimates of total 

water storage using four goodness of fit metrics to better capture dynaMICS in TWS and GRACE 

data (Akl and Thomas, 2022). The stakeholder informed model had improved fit with the 

GRACE data than the default CWatM simulation, with NSE values of 0.30-0.31 and 0.22 for the 

stakeholder informed model and default models respectively. The NSE value of the default 

model indicated inadequate performance whilst the improved NSE value of the stakeholder 

informed model is in line with literature estimates of moderate performance for GRACE data 

(Tangdamrongsub et al., 2015). However, both models did not fully capture the dynaMICS of 

TWS measured by the GRACE data, with both underpredicting extremes in annual TWS change. 
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This may be partially due to the inherent challenges of applying GRACE data on the LMSRB due 

to the very significant impact of Lake Malawi on TWS.  

Overall, the stakeholder informed model had better model simulation of both discharge and 

GRACE total water storage estimates than the default CWatM simulation, however, further 

development could enhance the representation of both dynaMICS of streamflow and TWS.  

4.3 Simulating groundwater resources 

0ÒÉÏÒ ÔÏ ÔÈÉÓ ×ÏÒËȟ ÔÈÅ ÏÎÌÙ ÅÓÔÉÍÁÔÅ ÏÆ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÐÐÌÉÅÄ Á ×ÁÔÅÒ ÂÁÌÁÎÃÅ 

methodology to estimate -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÁÓ ÂÅÔ×ÅÅÎ ωφȢχ ÁÎÄ ρȟρπψ ËÍύ ɉÎÏÔ 

including the saturated thickness of each aquifer unit) (Kalin et al., 2022). We used the 

ÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ ÍÏÄÅÌ ÔÏ ÉÎÖÅÓÔÉÇÁÔÅ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÄÕÅ ÔÏ ÉÔÓ ÉÍÐÒÏÖÅÄ 

model performance. The model estimated 653 km3 of groundwater storage in Malawi at the end 

of 2009, falling within the range proposed by Kalin et al. (2022). We show that there has been a 

reduction in groundwater storage by 17.83 km3 over 30 years, representing a 2.66% reduction 

in storage from 1980 and a reduction in groundwater storage of almost 1% each decade. The 

annual reduction in groundwater storage of 0.594km3/ year is a loss of approximately a third of 

ÔÈÅ ÖÏÌÕÍÅ ÏÆ -ÁÌÁ×ÉȭÓ ÓÅÃÏÎÄ ÌÁÒÇÅÓÔ ÌÁËÅȟ ,ÁËÅ #ÈÉÌ×Áȟ ÅÖÅÒÙ ÙÅÁÒȢ 

$ÅÃÌÉÎÉÎÇ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÐÏÓÅÓ Á ÓÉÇÎÉÆÉÃÁÎÔ ÃÈÁÌÌÅÎÇÅ ÆÏÒ -ÁÌÁ×ÉȭÓ ÆÕÔÕÒÅ ×ÁÔÅÒ 

availability, likely resulting in an increase in boreholes facing non-functionality or seasonal 

water scarcity (Andres et al., 2018). Non functionality of boreholes is already a pressing issue 

ÆÏÒ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȟ ×ÉÔÈ τπϷ ÏÆ ÂÏÒÅÈÏÌÅÓ ÐÁÒÔÉÁÌÌÙȾ ÔÏÔÁÌÌÙ ÎÏÎÆÕÎÃÔÉÏÎÁÌ ÏÒ 

abandoned (Kalin et al., 2019). Meanwhile, high levels of seasonal water shortage further limit 

water access, with 34.5% of boreholes under 10m depth experiencing seasonal water shortages 

for one month or more per year (Kalin et al., 2019). 

Fluctuations in groundwater storage between the wet and dry seasons, which result in changes 

in seasonal water availability, are on average 2-5km3 annually, with an equivalent annual 
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change in equivalent groundwater table depth of 1.3-3.2 cm. The current fluctuations in 

groundwater storage seen on an annual basis, that result in seasonal water scarcity, are 

significantly less than total change in equivalent groundwater table depth those observed from 

1980-2009 of an 11.4 cm average drop in groundwater table depth. Each decade, Malawi has a 

drop in the average groundwater storage table (3.8cm) that is more than is witnessed in even 

the most extreme seasonal fluctuations (3.2cm), this creates cause for concern considering that 

such seasonal fluctuations currently result in more than 10% of boreholes experiencing 

seasonal water shortages and over 30% less than 10m deep (Kalin et al., 2019). Sustained and 

continuous depletion of groundwater storage in Malawi may result in many boreholes currently 

experiencing seasonal water shortages having more prolonged periods of water shortage, whilst 

boreholes with current year-round access may begin to experience seasonal water availability.  

Interannual fluctuations in groundwater storage were also observed, with decadal fluctuations 

in storage likely reflecting long-term metrological patterns of rainfall and solar intensity. This 

has been observed specifically within Lake Malawi where groundwater storage change 

contributes to changes in lake level (Kalin et al., in prep). Further investigation of patterns in 

groundwater storage will be vital for appropriate groundwater management and policy.  

4.4 Methodological limitations and future work 

This study explores water dynaMICS within a transboundary basin, the LMSRB, as a 

ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ $ÕÅ ÔÏ ÔÈÅ ÆÏÃÕÓ ÏÆ ÔÈÅ ×ÏÒË ÂÅÉÎÇ ÍÏÔÉÖÁÔÅÄ ÂÙ 

close stakeholder consultation with partners within Malawi, the model production and 

calibration for in situ data, as well as stakeholder engagement process, is tailored specifically to 

Malawi. This limitation is considered appropriate as 69% of the basin falls within Malawi. 

Furthermore, the modifications made, notably those relating to domestic water and sanitation 

as well as smallholder irrigation, are consistent with water resource management scenarios in 

the transboundary regions of Mozambique and Tanzania. The model data is used to provide 

ÉÎÓÉÇÈÔ ÉÎÔÏ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÓ ωτϷ ÏÆ -ÁÌÁ×ÉȭÓ ÓÕÒÆÁÃÅ ÁÒÅÁ ÆÁÌÌÓ ×ÉÔÈÉÎ ÔÈÅ ÂÁÓÉÎȟ 



 

ρψς 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

ÔÈÅÒÅÆÏÒÅ ÄÏÍÉÎÁÔÉÎÇ ÃÏÎÓÉÄÅÒÁÔÉÏÎÓ ÉÎ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ !Ó ÓÕÃÈȟ ÔÈÉÓ ÓÔÕÄÙ ÉÓ 

ÃÏÎÓÉÄÅÒÅÄ ÁÐÐÒÏÐÒÉÁÔÅ ÆÏÒ ÅØÐÌÏÒÉÎÇ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ &ÕÔÕÒÅ ×ÏÒË ÓÈÏÕÌÄ ÃÏÎÓÉÄÅÒ 

the transboundary nature of this basin and ensure transboundary cooperation in development 

of water resource management plans (Fraser et al., 2020). 

The lack of national level groundwater monitoring stations limits the capacity for model 

calibration and validation of groundwater levels (Kalin et al., 2022). Remote sensing of TWS 

through GRACE data is utilised to provide some validation of groundwater storage, however, 

this was limited and does not model groundwater specific data. Model development with 

alternative meteorological data, extending beyond 2009, could enable some comparison to 

measured groundwater table depths, with the first groundwater monitoring available from 

2009 (Kalin et al., 2022).  However, even where groundwater table data is available it is highly 

limited with incomplete data and little sustained monitoring (Kalin et al., 2022; Mleta, 2010). 

Future work should consequently not only incorporate longer simulation to enable calibration 

with groundwater table depth but should also be coupled with improved in situ groundwater 

table monitoring. 

Whilst we assign a linear trend to groundwater decline, estimating approximately a 1% decline 

in groundwater storage per decade, the long-term change in groundwater availability is likely to 

follow a non-linear trend; non-linear population growth in particular is likely to influence 

groundwater resources. Uncertainty in the future of water resources and a call for enhanced 

modelling of future scenarios of water resources in Malawi was emphasised by stakeholders. A 

need to better understand the implications ÏÆ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÓÃÅÎÁÒÉÏÓ ÏÎ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ 

resources was expressed through interviews. Future work and model development should 

simulate future scenarios accounting for multiple scenarios of climatic and socioeconomic 

change. Future model development should also account for changes in government strategy and 
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different policy scenarios, focusing particularly on agricultural development and irrigation 

policy scenarios, to provide a better framework for future water management scenarios. 

The addition of dambo/ wetland areas improved model performance. Improved model 

performance was seen particularly in WRA6 (stations 6C5 and 6D10 on the -ÐÁÓÁÄÚÉ ÁÎÄ 

$×ÁÎÇÁ ÒÉÖÅÒÓɊ ÁÓ ×ÅÌÌ ÁÓ 72!χ ɉ3ÔÁÔÉÏÎÓ χ$ψȟ χ'ρτ ÁÎÄ χ(σ ÏÎ ÔÈÅ ,ÕÎÙÁÎÇ×Áȟ 3ÏÕÔÈ 2ÕËÕÒÕȟ 

ÁÎÄ .ÏÒÔÈ 2ÕÍÐÈÉ ÒÉÖÅÒÓ ÒÅÓÐÅÃÔÉÖÅÌÙɊ ÁÎÄ 72!υ ɉÓÔÁÔÉÏÎ υ#ρ ÏÎ ÔÈÅ "ÕÁ 2ÉÖÅÒɊ ×ÈÉÃÈ ÁÌÌ ÈÁÄ 

ÉÍÐÒÏÖÅÄ ÍÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅ ÕÎÄÅÒ ÔÈÅ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ ÍÏÄÅÌȢ (Ï×ÅÖÅÒȟ ÆÕÒÔÈÅÒ 

ÉÍÐÒÏÖÅÍÅÎÔÓ ×ÉÔÈÉÎ ÔÈÅ ÍÏÄÅÌÌÉÎÇ ÏÆ ÄÁÍÂÏÓȾ ÓÅÁÓÏÎÁÌ ×ÅÔÌÁÎÄÓ ÁÒÅ ÎÅÅÄÅÄȟ ÔÈÉÓ ×ÁÓ ÓÅÅÎ ÉÎ 

ÔÈÅ ÃÁÓÅ ÏÆ ÍÏÄÅÌÌÉÎÇ ÄÉÓÃÈÁÒÇÅ ÁÔ ÔÈÅ $×ÁÎÇÁ ÒÉÖÅÒ ×ÈÅÒÅ ÔÈÅ ÁÄÄÉÔÉÏÎ ÏÆ ×ÅÔÌÁÎÄÓ ÒÅÓÕÌÔÅÄ ÉÎ 

ÁÎ ÏÖÅÒÅÓÔÉÍÁÔÉÏÎ ÏÆ ÂÁÓÅПÌÏ× ÁÎÄ ÉÎÁÄÅÑÕÁÔÅ ÍÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅȢ 3ÐÁÔÉÁÌ ÈÅÔÅÒÏÇÅÎÅÉÔÙ ÉÎ ÔÈÅ 

ÓÉÍÕÌÁÔÅÄ ÉÎПÌÕÅÎÃÅ ÏÆ ×ÅÔÌÁÎÄÓ ÃÏÕÌÄ ÅÎÁÂÌÅ ÉÍÐÒÏÖÅÄ ÍÏÄÅÌÌÉÎÇȢ  

Finally, model generation would benefit from enhanced model calibration schemes which 

enable automatic calibration. The model presented here underwent manual calibration which 

was less efficient than automated schemes and limited capacity for parameter analysis. 

Automated calibration was not conducted due to the incorporation of MODFLOW (Langevin et 

al, 2017), as the MODFLOW model is not able to run under specific conditions, therefore 

crashing under some parameter combinations. Further modelling efforts should enable model 

function even under unsuitable MODFLOW parameters to enable automated calibration and 

parameter analyses, such as sensitivity analysis. 

4.5 Policy implications 

Limited and largely anecdotal evidence within Malawi has long pointed to a growing concern 

about the diminishing groundwater table. Whilst this has created a stronger awareness of 

groundwater resources, a lack of estimates of groundwater storage that are both quantifiable 

and representative of Malawi nationally, rather than restricted to well-studied regions, have 

held back the formulation of appropriate policy and prioritisation of groundwater protection. 
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This work provides national level estimates of groundwater levels, emphasising the trend of 

diminishing groundwater storage. For long-term water security in Malawi, the growing risk of 

depleting groundwater must be an area of focus (Kalin et al., 2022). Water resource policy 

should account for groundwater decline, this will be particularly important due to the increase 

of agricultural water use as the extent of commercial farming increases (Wiyo and Mtethiwa, 

2018).  

Whilst this study provides evidence of groundwater decline, enhanced understanding of 

groundwater security will be needed to ensure sustainable water policy. Alongside 

computational modelling, as presented here, in situ monitoring of groundwater storage will be 

necessary to inform appropriate water management. Expansion of the limited national 

groundwater monitoring network should be promoted in national water policy (IGRAC, 2013; 

Mleta, 2010; Kalin et al., 2022).  

An increased burden of borehole non-functionality due to seasonal and long-term water 

scarcity, directly resulting from groundwater table decline, is likely to threaten domestic water 

resources, which are heavily dependent on groundwater (Graham and Polizotto et al., 2013). 

Not only does groundwater depletion threaten domestic water security, a growing burden of 

borehole non-ÆÕÎÃÔÉÏÎÁÌÉÔÙ ÐÒÅÓÅÎÔÓ Á ÒÉÓË ÏÆ ȬÓÔÒÁÎÄÅÄ ÁÓÓÅÔÓȭ ÁÎÄ ÓÉÇÎÉÆÉÃÁÎÔ ÌÏÓÓ ÏÆ ÉÎÖÅÓÔÍÅÎÔ 

in water infrastructure (Kalin et al., 2019). Engaging communities in local-level sustainable 

water management will be an important part of safeguarding water resources (Hinton et al., 

2021). National water policy should consider the local level nature of borehole use, 

management, and functionality alongside the national challenge of groundwater protection. 

5. Conclusion 

Comparing model performance of a global hydrological model for Malawi under default 

conditions with a model modified according to stakeholder engagement revealed improved 

model performance where the model was informed by stakeholders. This not only adds weight 

to the influence of stakeholder engagement, as it resulted in better implementation of 
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recommendations (Basco-Carrera et al., 2021), but also improved model performance. Notably, 

appropriate representation of water demand, including spatial variation in domestic water use 

and sanitation as well as small-holder farming, is an important consideration to better enable 

hydrological modelling, particularly for Sub-Saharan African basins.  

Through the development of a context appropriate hydrological model, this work provides the 

ÆÉÒÓÔ ÓÙÓÔÅÍ ÍÏÄÅÌÌÅÄ ÅÓÔÉÍÁÔÅ ÏÆ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ ÉÔ ÎÏÔÁÂÌÙ ÒÅÖÅÁÌÓ Á 

worrying trend of a consistent decline in groundwater storage from 1980-2009 and a loss of 

ÁÐÐÒÏØÉÍÁÔÅÌÙ ρϷ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÐÅÒ ÄÅÃÁÄÅȢ -ÁÌÁ×ÉȭÓ ÆÕÔÕÒÅ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅ 

management must address the growing challenge of groundwater insecurity to meet the water 

requirements of its growing population. As emphasised by stakeholdersȟ ȰMalawi will continue 

to be dependent on groundwater for some time to comeȱȟ ÐÒÏÔÅÃÔÉÎÇ ÔÈÉÓ ÖÉÔÁÌ ÒÅÓÏÕÒÃÅ ÍÕÓÔ 

ÔÈÅÒÅÆÏÒÅ ÂÅ Á ÐÒÉÏÒÉÔÙȡ Ȱif we continue on the current trends, it will be tragicȱȢ 
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1. Supplementary Information  

ϊȢυ 3ÅÍÉȤ3ÔÒÕÃÔÕÒÅÄ 3ÔÁËÅÈÏÌÄÅÒ )ÎÔÅÒÖÉÅ× 1ÕÅÓÔÉÏÎÓ 

0ÕÒÐÏÓÅ ÏÆ ÓÕÒÖÅÙȡ 4ÈÅ ÐÕÒÐÏÓÅ ÏÆ ÔÈÉÓ ÓÕÒÖÅÙ ÉÓ ÔÏ ÐÒÏÖÉÄÅ ÆÕÒÔÈÅÒ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ 

ÐÏÌÉÃÉÅÓ ÁÎÄ ÐÒÁÃÔÉÃÅÓ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÉÎ -ÁÌÁ×ÉȢ 7Å ×ÉÌÌ ÕÓÅ ÔÈÉÓ 

ÉÎÆÏÒÍÁÔÉÏÎ ÔÏ ÉÎÆÏÒÍ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ Á -ÁÌÁ×ÉȤÓÐÅÃÉПÉÃ ÍÏÄÅÌ ÏÆ ×ÁÔÅÒ ÁÂÓÔÒÁÃÔÉÏÎ 
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ÁÎÄ ÒÅÃÈÁÒÇÅ ÂÙ ÄÅÖÅÌÏÐÉÎÇ ÔÈÅ ÇÌÏÂÁÌ #ÏÍÍÕÎÉÔÙ 7ÁÔÅÒ -ÏÄÅÌ ɉ#7ÁÔ-Ɋ ÄÅÖÅÌÏÐÅÄ ÂÙ 

))!3!Ȣ  

3ÐÅÃÉПÉÃÁÌÌÙȟ ×Å ÁÒÅ ÉÎÔÅÒÅÓÔÅÄ ÉÎ ÄÅÖÅÌÏÐÉÎÇ ÆÕÔÕÒÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ×ÁÔÅÒ ÕÓÅ ×ÈÉÃÈ ×Å ×ÉÌÌ 

ÂÅ ÁÂÌÅ ÔÏ ÃÏÍÂÉÎÅ ×ÉÔÈ ÐÒÅÄÉÃÔÉÏÎÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÃÈÁÒÇÅ ÔÏ ÉÄÅÎÔÉÆÙ ËÅÙ ÁÒÅÁÓ ×ÈÅÒÅ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÍÁÙ ÂÅ ÔÈÒÅÁÔÅÎÅÄ ÂÙ ÏÖÅÒ ÁÂÓÔÒÁÃÔÉÏÎ ÉÎ ÔÈÅ ÆÕÔÕÒÅȢ  

7Å ×ÏÕÌÄ ÌÉËÅ ÙÏÕÒ ÉÎÐÕÔ ÒÅÇÁÒÄÉÎÇ ÈÏ× ÔÈÅ ÆÁÃÔÏÒÓ ÉÎПÌÕÅÎÃÉÎÇ ÇÒÏÕÎÄ×ÁÔÅÒ ÕÓÁÇÅ ÁÒÅ 

ÃÕÒÒÅÎÔÌÙ ÅØÐÒÅÓÓÅÄ ×ÉÔÈÉÎ ÔÈÅ #7ÁÔ- ÍÏÄÅÌ ÆÒÁÍÅ×ÏÒË ÁÎÄ ÈÏ× ×Å ÍÉÇÈÔ ÓÕÍÍÁÒÉÓÅ 

ÄÉÆÆÅÒÅÎÔ ÐÏÌÉÃÙ ÓÃÅÎÁÒÉÏÓ ÔÈÁÔ ÙÏÕ ÃÏÕÌÄ ÅÎÖÉÓÁÇÅ ÉÍÐÁÃÔÉÎÇ ÆÕÔÕÒÅ ÇÒÏÕÎÄ×ÁÔÅÒ ÕÓÅȢ  

$ÁÔÁ ÁÖÁÉÌÁÂÉÌÉÔÙȡ 

7Å ×ÉÌÌ ÂÅ ÕÓÉÎÇ ÔÈÅ ÏÐÅÎ ÁÃÃÅÓÓ ÍÏÄÅÌ #7ÁÔ- ɉÈÔÔÐÓȡȾȾÉÉÁÓÁȢÁÃȢÁÔȾÍÏÄÅÌÓȤÔÏÏÌÓȤ

ÄÁÔÁȾÃ×ÁÔÍɊ ÔÏ ÄÅÖÅÌÏÐ ÔÈÅÓÅ ÓÃÅÎÁÒÉÏÓ ɉÓÅÅ ÔÈÅ #7ÁÔ- ÓÔÒÕÃÔÕÒÅ ÁÎÄ ÉÎÐÕÔÓ ÂÅÌÏ×ȢɊ 

 

&ÉÇÕÒÅ ϊȡ /ÖÅÒÖÉÅ× ÏÆ #7ÁÔ- ÍÏÄÅÌ 

7Å ×ÉÌÌ ÁÌÓÏ ÂÅ ÁÌÓÏ ÕÓÉÎÇ ÄÁÔÁ ÆÒÏÍ ÔÈÅ ςπςς 'ÒÏÕÎÄ×ÁÔÅÒ !ÔÌÁÓ ÆÏÒ -ÁÌÁ×É ɉ+ÁÌÉÎ ÅÔ ÁÌȢ 

ɉςπςςɊ (ÙÄÒÏÇÅÏÌÏÇÙ ÁÎÄ 'ÒÏÕÎÄ×ÁÔÅÒ 1ÕÁÌÉÔÙ !ÔÌÁÓ ÏÆ -ÁÌÁ×Éȟ "ÕÌÌÅÔÉÎȟ -ÉÎÉÓÔÒÙ ÏÆ 

7ÁÔÅÒ ÁÎÄ 3ÁÎÉÔÁÔÉÏÎȟ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×ÉɊȢ  

https://iiasa.ac.at/models-tools-data/cwatm
https://iiasa.ac.at/models-tools-data/cwatm


 

ρψχ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

)ÎÔÒÏÄÕÃÔÉÏÎ ÁÎÄ ÅÔÈÉÃÁÌ ÃÏÎÓÉÄÅÒÁÔÉÏÎÓ  ɉυǰɊ 

0ÕÒÐÏÓÅȡ 7Å ÐÒÏÖÉÄÅ Á ÖÅÒÙ ÓÈÏÒÔ ÉÎÔÒÏÄÕÃÔÉÏÎ ÔÏ ÔÈÅ ÐÒÏÊÅÃÔ ɉÁÉÍȟ ÄÕÒÁÔÉÏÎȟ ÆÕÎÄÅÒȟ ÐÁÒÔÎÅÒÓɊȟ ÔÈÅ 

ÐÕÒÐÏÓÅ ÏÆ ÔÈÅ ÉÎÔÅÒÖÉÅ×Óȟ ÈÏ× ÔÈÅÓÅ ÃÏÎÔÅÎÔÓ ×ÉÌÌ ÂÅ ÕÓÅÄ ÁÎÄ ÔÒÅÁÔÅÄ ɉÄÁÔÁ ÐÒÏÔÅÃÔÉÏÎɊȟ ÁÎÄ ×ÈÁÔ 

ÉÓ ÏÕÒ ÒÏÌÅ ÁÓ ÉÎÔÅÒÖÉÅ×ÅÒÓ ÉÎ ÔÈÉÓ ÐÒÏÃÅÓÓȢ  

π .ÁÍÅ ÏÆ ÔÈÅ ÉÎÔÅÒÖÉÅ×ÅÒ ÁÎÄ ÒÏÌÅȟ ÏÔÈÅÒ ÐÅÒÓÏÎÓ ÉÎ ÔÈÅ ÃÁÌÌ ɉÉÆɊ 

π 3ÈÏÒÔ ÐÒÏÊÅÃÔ ÄÅÓÃÒÉÐÔÉÏÎȡ 7ÈÁÔ ÉÓ ÔÈÅ #7ÁÔ- ÍÏÄÅÌ ÁÎÄ ÈÏ× ÄÏ ×Å ÐÌÁÎ ÔÏ ÉÍÐÒÏÖÅ ÔÈÅ 

ÍÏÄÅÌ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÂÓÔÒÁÃÔÉÏÎ ÆÏÒ Á -ÁÌÁ×ÉÁÎ ÃÏÎÔÅØÔȩ 

π 0ÕÒÐÏÓÅ ÏÆ ÔÈÅ ÉÎÔÅÒÖÉÅ× ÁÎÄ ÅØÐÅÃÔÅÄ ÄÕÒÁÔÉÏÎ ɉτυȤφπ ÍÉÎ ÍÁØɊ 

π 3ÍÁÌÌ ÒÕÌÅÓ ÆÏÒ ÔÈÅ ÉÎÔÅÒÖÉÅ×ȡ 

o +ÅÅÐ ÁÎÓ×ÅÒÓ ÁÓ ÃÏÎÃÉÓÅ ÁÓ ÐÏÓÓÉÂÌÅ  

o 0ÌÅÁÓÅ ÎÏÔÉÆÙ ÔÈÅ ÉÎÔÅÒÖÉÅ×ÅÒ ÉÆ ÁÎÙ ÑÕÅÓÔÉÏÎ ÉÓ ÎÏÔ ÃÌÅÁÒ 

o !Ô ÔÈÅ ÅÎÄ ÏÆ ÔÈÅ ÉÎÔÅÒÖÉÅ× ÔÈÅÒÅ ×ÉÌÌ ÂÅ Á ÆÅ× ÍÉÎÕÔÅÓ ÆÏÒ ÍÁËÉÎÇ ÃÏÍÍÅÎÔÓ ÁÎÄ 

ÁÄÄÉÔÉÏÎÁÌ ÓÕÇÇÅÓÔÉÏÎÓ 

π 0ÅÒÍÉÓÓÉÏÎ ÆÏÒ ÒÅÃÏÒÄÉÎÇ ÁÎÄ ÍÁÎÁÇÉÎÇ ÐÅÒÓÏÎÁÌ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ %5 ÄÁÔÁ ÐÒÏÔÅÃÔÉÏÎ 

ÒÅÇÕÌÁÔÉÏÎÓ ɉÉÎÃÌÕÄÉÎÇ ÔÈÅ ÁÎÏÎÙÍÉÚÁÔÉÏÎ ÏÆ ÉÎÄÉÖÉÄÕÁÌ ÒÅÓÐÏÎÓÅÓɊ 

"ÁÃËÇÒÏÕÎÄ ÉÎÆÏÒÍÁÔÉÏÎ ɉυǰɊ 

0ÕÒÐÏÓÅȡ 4ÈÉÓ ÓÅÃÔÉÏÎ ÓÈÏÕÌÄ ÁÌÌÏ× ÕÓ ÔÏ ÇÁÔÈÅÒ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÔÈÅ ÒÏÌÅ ÏÆ ÔÈÅ ÉÎÔÅÒÖÉÅ×ÅÄ ÉÎ ÔÈÅ 7% 

ÎÅØÕÓ ÏÆ ÔÈÅ ÕÒÂÁÎ ×ÁÔÅÒ ÃÙÃÌÅ ÁÎÄ ÔÈÅ ÓÃÁÌÅ ɉÒÅÇÉÏÎÁÌ ÏÒ ÌÏÃÁÌɊ  

ρȢ 7ÈÁÔ ÒÏÌÅ ÄÏ ÙÏÕ ÁÎÄ ÙÏÕÒ ÏÒÇÁÎÉÚÁÔÉÏÎ ÐÌÁÙ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔȾ ÒÅÓÅÁÒÃÈ ÉÎ 

-ÁÌÁ×Éȩ 

4/0)# )ȡ /ÖÅÒÁÌÌ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÂÓÔÒÁÃÔÉÏÎ ÑÕÅÓÔÉÏÎÓ ɉρπȭɊ 

0ÕÒÐÏÓÅȡ 0ÒÏÖÉÄÅ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ÔÈÅ #7ÁÔ- ÍÏÄÅÌ ÁÎÄ ÉÄÅÎÔÉÆÙ ÁÎÙ ÁÒÅÁÓ ×ÈÉÃÈ ÁÒÅ ÎÏÔ 

ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÕÓÁÇÅ ÉÎ -ÁÌÁ×ÉȢ 

ςȢ 7ÈÁÔȟ ÉÎ ÙÏÕÒ ÖÉÅ×ȟ ÁÒÅ ÔÈÅ ÍÏÓÔ ÓÉÇÎÉПÉÃÁÎÔ ÄÒÉÖÅÒÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÕÓÁÇÅ ÉÎ -ÁÌÁ×Éȩ 
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σȢ &ÉÇÕÒÅ ρ ÐÒÏÖÉÄÅÓ ÁÎ ÏÖÅÒÖÉÅ× ÏÆ ÔÈÅ ÉÎÐÕÔÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÂÓÔÒÁÃÔÉÏÎ ÉÎ ÔÈÅ #7ÁÔ- 

ÍÏÄÅÌȟ ÄÏ ÙÏÕ ÔÈÉÎË ÔÈÉÓ ÉÓ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÏÆ ÆÁÃÔÏÒÓ ÉÎПÌÕÅÎÃÉÎÇ ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÉÎ 

-ÁÌÁ×Éȩ )Ó ÔÈÅÒÅ ÁÎÙÔÈÉÎÇ ÍÉÓÓÉÎÇȩ 

4/0)# ))ȡ &ÕÔÕÒÅ ÓÃÅÎÁÒÉÏÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÁÂÓÔÒÁÃÔÉÏÎ ɉρπǰɊ 

0ÕÒÐÏÓÅȡ 4Ï ÄÅÔÅÒÍÉÎÅ ÓÏÍÅ ÏÕÔÌÉÎÅÓ ÏÆ ÓÃÅÎÁÒÉÏÓ ÏÆ ÆÕÔÕÒÅ ÄÏÍÅÓÔÉÃ ×ÁÔÅÒ ÕÓÅ ÔÏ ÕÓÅ ÉÎ ÔÈÅ #7ÁÔ- 

ÍÏÄÅÌȢ  

τȢ )Î ÙÏÕÒ ÏÐÉÎÉÏÎȟ ÈÏ× ÄÏ ÙÏÕ ÔÈÉÎË ÄÏÍÅÓÔÉÃ ÇÒÏÕÎÄ×ÁÔÅÒ ÕÓÁÇÅ ×ÉÌÌ ÃÈÁÎÇÅ ÉÎ -ÁÌÁ×É 

ÏÖÅÒ ÔÈÅ ÎÅØÔ υπ ÙÅÁÒÓȩ 

υȢ 7ÈÁÔ ËÅÙ ÐÏÌÉÃÉÅÓ ÁÎÄ ÄÅÖÅÌÏÐÍÅÎÔ ÐÌÁÎÓȟ ÁÃÒÏÓÓ ÓÅÃÔÏÒÓȟ ÁÒÅ ÆÏÒÅÓÅÅÎ ÉÎ ÔÈÅ ÎÅØÔ υπ 

ÙÅÁÒÓ ÔÈÁÔ ÃÏÕÌÄ ÍÏÓÔ ÉÍÐÁÃÔ ÇÒÏÕÎÄ×ÁÔÅÒ ÕÓÅ ÉÎ -ÁÌÁ×Éȩ 3ÐÅÃÉПÉÃ ÄÅÖÅÌÏÐÍÅÎÔ ÐÌÁÎÓ ÏÒ 

ÐÏÌÉÃÉÅÓ ÔÏ ÒÅÆÅÒ ÔÏȢ 

φȢ $Ï ÙÏÕ ÈÁÖÅ ÁÎÙ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÏÒ ÓÔÒÁÔÅÇÉÅÓ ÔÈÁÔ ÙÏÕ ÔÈÉÎË -ÁÌÁ×É ÓÈÏÕÌÄ ÅØÐÌÏÒÅ ÉÎ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÏÖÅÒ ÔÈÅ ÃÏÍÉÎÇ ÙÅÁÒÓȩ 

#ÏÍÍÅÎÔÓ ÁÎÄ ÒÅÍÁÒËÓ ɉςȤσǰɊ 

0ÕÒÐÏÓÅȡ ÇÉÖÅ ÔÈÅ ÃÈÁÎÃÅ ÔÏ ÔÈÅ ÉÎÔÅÒÖÉÅ×ÅÄ ÔÏ ÐÒÏÖÉÄÅ ÁÎÙ ÁÄÄÉÔÉÏÎÁÌ ÃÏÍÍÅÎÔ ÏÒ ÅÖÅÎ ÆÅÅÄÂÁÃË ÏÎ 

ÔÈÅ ÉÎÔÅÒÖÉÅ× ÁÎÄ ÔÈÅ ÑÕÅÓÔÉÏÎÓȢ )Î ÃÁÓÅ ×Å ÁÒÅ ÓÅÁÒÃÈÉÎÇ ÆÏÒ ÏÔÈÅÒ ÓÔÁËÅÈÏÌÄÅÒÓȟ ×Å ÃÁÎ ÕÓÅ ÔÈÉÓ 

ÓÅÃÔÉÏÎ ÔÏ ÉÎÑÕÉÒÅ ÔÈÅ ÉÎÔÅÒÖÉÅ×ÅÄ ÆÏÒ ÆÕÒÔÈÅÒ ÃÏÎÔÁÃÔÓ ɉÓÎÏ×ÂÁÌÌ ÔÅÃÈÎÉÑÕÅɊȢ  

7Å ÓÈÏÕÌÄ ÁÌÓÏ ÉÎÆÏÒÍ ÈÅÒÅ ÔÈÁÔ ÏÎÃÅ ÔÈÅ ÉÎÔÅÒÖÉÅ×Ó ×ÉÌÌ ÂÅ ÐÒÏÃÅÓÓÅÄȟ ÅÖÅÒÙÏÎÅ ×ÉÌÌ ÒÅÃÅÉÖÅ ÔÈÅ 

ÒÅÓÕÌÔÓ ÏÆ ÔÈÅ ÁÓÓÅÓÓÍÅÎÔ ÁÎÄ ÔÈÅÙ ×ÉÌÌ ÈÁÖÅ ÔÈÅ ÏÐÐÏÒÔÕÎÉÔÙ ÔÏ ÐÒÏÖÉÄÅ ÆÅÅÄÂÁÃË  
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6.2 Discharge stations 

3ÕÐÐÌÅÍÅÎÔÁÒÙ )ÎÆÏÒÍÁÔÉÏÎ 4ÁÂÌÅ υȡ /ÂÓÅÒÖÁÔÉÏÎ ÃÏÄÅÓȟ ÒÉÖÅÒÓȟ ÁÎÄ ÄÁÔÅÓ ÆÏÒ ÄÉÓÃÈÁÒÇÅ ÓÔÁÔÉÏÎÓ 

ÕÓÅÄ ÉÎ ÔÈÉÓ ÓÔÕÄÙȢ -ÁÊÏÒ ÒÉÖÅÒÓ ÁÒÅ ÈÉÇÈÌÉÇÈÔÅÄ ÉÎ ÂÏÌÄȢ 

Observation station code River Observation start date Observation end date 

ρ#ρ ,ÉÒÁÎÇ×Å ρρȾπτȾρωυρ σρȾπψȾςππυ 
ρ%ρ -×ÁÍÐÈÁÎÚÉ  ρςȾπρȾρωυρ ςτȾπσȾςππς 
ρ%ρω -ÕÄÉ ςρȾρρȾρωφρ σπȾπτȾρωωσ 
ρ&ρχ ,ÉÖÕÎÚÕ πχȾπσȾρωχω ρχȾπςȾρωωχ 
ρ'ρ 3ÈÉÒÅ πρȾπςȾρωυσ σρȾρςȾςππω 
ρ+σ -×ÁÎÚÁ  ρρȾπσȾρωχπ σρȾπψȾςππψ 
ρ-ρ -ËÕÒÕÍÁÄÚÉ ρρȾπσȾρωψπ ςχȾπψȾςππψ 
ρ/ρ ,ÉÓÕÎÇ×Å ρςȾπςȾρωυρ ρρȾπρȾρωχπ 
ρ2σ 2ÉÖÉÒÉÖÉ ρρȾρςȾρωυς σρȾπψȾςππτ 
ρ3χ .ËÁÓÉ ρπȾπσȾρωφρ σρȾπρȾρωωχ 
σ%ς .ÁÍÉËÏË×Å ρςȾπσȾρωυχ πψȾπωȾςππσ 
σ%σ ,ÉÖÕÌÅÚÉ ρωȾρπȾρωυχ ςωȾπυȾςππψ 
σ&σ .ÁÄÚÉÐÕÌÕ σρȾπψȾρωυχ ρσȾρςȾςππσ 
τ"ρ ,ÉÎÔÈÉÐÅ πτȾπςȾρωυσ ρφȾπφȾςππω 
τ#ς ,ÉÌÏÎÇ×Å ςπȾρρȾρωυχ σπȾπτȾςπρπ 
υ#ρ "ÕÁ ρρȾπσȾρωυχ σρȾπρȾςπρπ 
φ#υ -ÐÁÓÁÄÚÉ ρςȾπρȾρωφυ σπȾπωȾςππρ 
φ$ρπ $×ÁÎÇÁ πρȾπσȾρωψφ σρȾπρȾςπρπ 
χ$ψ ,ÕÎÙÁÎÇ×Á πςȾπψȾρωυτ σπȾπφȾςππψ 
χ'ρτ 3ÏÕÔÈ 2ÕËÕÒÕ ςωȾρρȾρωυχ ςυȾπυȾςππχ 
χ(σ .ÏÒÔÈ 2ÕÍÐÈÉ πωȾρςȾρωχς σρȾπυȾςππχ 
ψ!υ .ÏÒÔÈ 2ÕËÕËÕ ςπȾρρȾρωφψ σρȾπυȾςππω 
ω!υ +ÁÌÅÎÊÅ ρρȾρςȾρωχπ σρȾπυȾςππχ 
ω"σ +ÁÓÅÙÅ ςψȾπφȾρωχρ σρȾπρȾςππψ 
ω"χ 3ÏÎÇ×Å πψȾπφȾρωψυ ςωȾπςȾςπρς 
ρτ!ρ .ÁÍÁÄÚÉ ςψȾπυȾρωχρ σρȾπσȾρωωψ 
ρτ!ς ,ÕÃÈÅÎÚÁ πρȾπτȾρωυυ σρȾρπȾςππς 
ρτ"ρ +×ÁË×ÁÓÉ ρτȾρςȾρωυρ σρȾπψȾρωψφ 
ρτ"ς 4ÈÕÃÈÉÌÁ ρςȾπχȾρωυρ σπȾρςȾςππσ 
ρτ"τ .Ó×ÁÄÚÉ ρρȾπσȾρωψπ σπȾπφȾςππς 
ρτ#ς 2ÕÏ πχȾπςȾρωυσ σρȾρπȾςππψ 
ρτ#χ -ÕÌÏÚÁ πρȾπσȾρωχυ σρȾπσȾςππς 
ρυ!τ #ÈÉÒÕÁ ρρȾπσȾρωχπ σρȾρπȾςπππ 
ρυ!ψ ,ÉÎÇÁÄÚÉ ςςȾπχȾρωφρ σρȾπρȾςπρπ 
ρφ%φ $×ÁÍÂÁÄÚÉ πσȾρρȾρωχς σρȾπυȾςππω 
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6.3 Water balance 

  

3ÕÐÐÌÅÍÅÎÔÁÒÙ )ÎÆÏÒÍÁÔÉÏÎ &ÉÇÕÒÅ υȡ %ØÁÍÐÌÅ ×ÁÔÅÒ ÃÉÒÃÌÅ ÓÈÏ×ÉÎÇ ÔÈÅ ÂÁÌÁÎÃÅ ÏÆ ÉÎÐÕÔÓ ÁÎÄ ÏÕÔÐÕÔÓ 

ÉÎÔÏ ÔÈÅ ×ÁÔÅÒ ÓÙÓÔÅÍ ÆÏÒ ÔÈÅ ÐÅÒÉÏÄ τυȾτυȾυύύτȤ τυȾτϋȾυύύτȢ 7ÁÔÅÒ ÌÏÓÓ ÉÓ ÓÈÏ×Î ÉÎ ÒÅÄ ÁÎÄ ×ÁÔÅÒ 

ÉÎÃÒÅÁÓÅ ÉÓ ÓÈÏ×Î ÉÎ ÂÌÕÅȢ 
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6.4 Evapotranspiration and precipitation validation 

 

3ÕÐÐÌÅÍÅÎÔÁÒÙ )ÎÆÏÒÍÁÔÉÏÎ &ÉÇÕÒÅ φȡ %ÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÖÁÌÉÄÁÔÉÏÎȢ 4ÈÅ ÇÒÁÐÈ ÃÏÍÐÁÒÅÓ ÔÈÅ 

#7ÁÔ- ÍÏÄÅÌÌÅÄ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ×ÉÔÈ .!3! ',$!3 ɍωχɎȟ -/$)3 ωττÍ ÒÅÓÏÌÕÔÉÏÎ ɍωψɎȟ 

4ÅÒÒÁÃÌÉÍÁÔÅ ɍωωɎȟ .!3! 3-!0 ɍωϊɎȟ ÁÎÄ ÔÈÅ ÔÏÔÁÌ ÓÕÍ ÏÆ ÔÈÅ χ ÃÏÍÐÏÎÅÎÔÓ ÏÆ 0-,;6φ ɍωϋȤωύɎ 

ɉ4ÏÔɊ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÅÓÔÉÍÁÔÅÓȢ 
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3ÕÐÐÌÅÍÅÎÔÁÒÙ )ÎÆÏÒÍÁÔÉÏÎ &ÉÇÕÒÅ χȡ 0ÒÅÃÉÐÉÔÁÔÉÏÎ ÖÁÌÉÄÁÔÉÏÎȢ 4ÈÅ #7ÁÔ- ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÄÁÔÁ ÁÎÄ 

2ÅÍÏÔÅ ÓÅÎÓÉÎÇ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÅÓÔÉÍÁÔÉÏÎ ɉ42-- χ"ψφ ɍψϊȤωφɎ ÄÁÔÁÓÅÔɊ ÁÒÅ ÃÏÍÐÁÒÅÄȢ /ÖÅÒÁÌÌȟ 

ÐÁÔÔÅÒÎÓ ÏÆ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÁÎÄ ÍÁÇÎÉÔÕÄÅÓ ÁÒÅ ÃÏÎÓÉÓÔÅÎÔ ÂÅÔ×ÅÅÎ ÔÈÅ #7ÁÔ- ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÄÁÔÁ 

ÁÎÄ ÒÅÍÏÔÅ ÓÅÎÓÉÎÇ ÅÓÔÉÍÁÔÅÓȢ 
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6.5 Total Water Storage  

 

  

Supplementary Information Figure 4: Total water storage change 1980-2009 (end) within the 

stakeholder informed CWatM simulation. Comparison to GRACE data is provided.  
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2ÅÆÅÒÅÎÃÅÓ 

!ÂÁÔÚÏÇÌÏÕȟ *Ȣ4Ȣȟ 3Ȣ:Ȣ $ÏÂÒÏ×ÓËÉȟ 3Ȣ!Ȣ 0ÁÒËÓȟ +Ȣ#Ȣ (ÅÇÅ×ÉÓÃÈȟ ςπρψȟ 4ÅÒÒÁÃÌÉÍÁÔÅȟ Á ÈÉÇÈȤÒÅÓÏÌÕÔÉÏÎ ÇÌÏÂÁÌ 

ÄÁÔÁÓÅÔ ÏÆ ÍÏÎÔÈÌÙ ÃÌÉÍÁÔÅ ÁÎÄ ÃÌÉÍÁÔÉÃ ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÆÒÏÍ ρωυψȤςπρυȟ 3ÃÉÅÎÔÉПÉÃ $ÁÔÁ υȡρχπρωρȟ 

ÄÏÉȡρπȢρπσψȾÓÄÁÔÁȢςπρχȢρωρ 

!ÄÁÍÓȟ %Ȣ!ȢȠ 3ÍÉÌÅÙȟ 3Ȣ,Ȣ ςπρψȢ 5ÒÂÁÎȤÒÕÒÁÌ 7ÁÔÅÒ !ÃÃÅÓÓ )ÎÅÑÕÁÌÉÔÉÅÓ ÉÎ -ÁÌÁ×Éȡ )ÍÐÌÉÃÁÔÉÏÎÓ ÆÏÒ 

-ÏÎÉÔÏÒÉÎÇ ÔÈÅ 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌÓȢ .ÁÔÕÒÁÌ 2ÅÓÏÕÒÃÅÓ &ÏÒÕÍȟ τςȟ ςρχɀςςφȟ 

ÄÏÉȡρπȢρρρρȾρτχχȤψωτχȢρςρυπȢ 

!ËÌȟ -Ȣȟ 4ÈÏÍÁÓȟ "Ȣ&ȢȢ ςπςςȢ %ÖÁÌÕÁÔÉÎÇ ÔÈÅ 5ÓÅ ÏÆ Ȱ'ÏÏÄÎÅÓÓȤÏÆȤ&ÉÔȱ -ÅÔÒÉÃÓ ÉÎ '2!#% 6ÁÌÉÄÁÔÉÏÎȡ '2!#% 

!ÃÃÕÒÁÃÙ ÆÏÒ -ÏÎÉÔÏÒÉÎÇ 'ÒÏÕÎÄ×ÁÔÅÒ $ÙÎÁ-)#3Ȣ !'5 &ÁÌÌ -ÅÅÔÉÎÇ ςπςςȟ ÈÅÌÄ ÉÎ #ÈÉÃÁÇÏȟ ),ȟ ρςȤρφ 

$ÅÃÅÍÂÅÒ ςπςςȟ ÉÄȢ (ςυ4ȤρσυφȢ 

!ÎÄÒÅÓȟ ,Ȣ!Ȣȟ #ÈÅÌÌÁÒÁÊȟ 'Ȣȟ $ÁÓÇÕÐÔÁȟ "Ȣȟ 'ÒÁÂÉÎÓËÙȟ *Ȣ ÁÎÄ *ÏÓÅÐÈȟ 'Ȣ ςπρψȢ Ȱ7ÈÙ ÁÒÅ ÓÏ -ÁÎÙ 7ÁÔÅÒ 0ÏÉÎÔÓ 

ÉÎ .ÉÇÅÒÉÁ .ÏÎȤ&ÕÎÃÔÉÏÎÁÌȩ !Î %ÍÐÉÒÉÃÁÌ !ÎÁÌÙÓÉÓ ÏÆ #ÏÎÔÒÉÂÕÔÉÎÇ &ÁÃÔÏÒÓȢȱ 0ÏÌÉÃÙ 2ÅÓÅÁÒÃÈ 7ÏÒËÉÎÇ 0ÁÐÅÒ 

3ÅÒÉÅÓ .ÏȢ ψσψψȟ 7ÏÒÌÄ "ÁÎËȟ 7ÁÓÈÉÎÇÔÏÎ $#Ȣ 

"ÁÓÃÏȤ#ÁÒÒÅÒÁȟ ,Ȣȟ 9ÁÎÇÙÕÅȟ 9Ȣȟ 2ÉÎÉȟ $Ȣ3Ȣ ςπςρȢ 3ÔÁËÅÈÏÌÄÅÒ 0ÁÒÔÎÅÒÓÈÉÐÓȡ #ÏÌÌÁÂÏÒÁÔÉÖÅ -ÏÄÅÌÉÎÇ ÁÓ Á 

-ÅÃÈÁÎÉÓÍ ÆÏÒ 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔȢ )Îȡ ,ÅÁÌ &ÉÌÈÏȟ 7Ȣȟ !ÚÕÌȟ !Ȣ-Ȣȟ "ÒÁÎÄÌÉȟ ,Ȣȟ ,ÁÎÇÅ 3ÁÌÖÉÁȟ !Ȣȟ 7ÁÌÌȟ 4Ȣ 

ɉÅÄÓɊ 0ÁÒÔÎÅÒÓÈÉÐÓ ÆÏÒ ÔÈÅ 'ÏÁÌÓȢ %ÎÃÙÃÌÏÐÅÄÉÁ ÏÆ ÔÈÅ 5. 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌÓȢ 3ÐÒÉÎÇÅÒȟ #ÈÁÍȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππχȾωχψȤσȤσρωȤχρπφχȤωͺστȤρ 

"ÈÁÖÅȟ !Ȣ 'Ȣȟ "ÕÌÃÏÃËȟ ,Ȣȟ $ÅÓÓÁÉȟ 3Ȣȟ #ÏÎ×ÁÙȟ $Ȣȟ *Å×ÉÔÔȟ 'Ȣȟ $ÏÕÇÉÌÌȟ !Ȣ *Ȣȟ +ÏÌÕÓÕȟ 3Ȣ 2Ȣȟ Ǫ -Ë×ÁÍÂÉÓÉȟ $Ȣ ςπςπȢ 

,ÁËÅ -ÁÌÁ×ÉȭÓ ÔÈÒÅÓÈÏÌÄ ÂÅÈÁÖÉÏÕÒȡ ! ÓÔÁËÅÈÏÌÄÅÒȤÉÎÆÏÒÍÅÄ ÍÏÄÅÌ ÔÏ ÓÉÍÕÌÁÔÅ ÓÅÎÓÉÔÉÖÉÔÙ ÔÏ ÃÌÉÍÁÔÅ 

ÃÈÁÎÇÅȢ *ÏÕÒÎÁÌ ÏÆ (ÙÄÒÏÌÏÇÙȟ υψτȟ ρςτφχρȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÊÈÙÄÒÏÌȢςπςπȢρςτφχρ 

"ÈÁÖÅȟ !Ȣ 'Ȣȟ #ÏÎ×ÁÙȟ $Ȣȟ $ÅÓÓÁÉȟ 3Ȣȟ $ÏÕÇÉÌÌȟ !Ȣ *Ȣȟ Ǫ -Ë×ÁÍÂÉÓÉȟ $Ȣ ςπςςȢ 3ÔÒÅÓÓȤÔÅÓÔÉÎÇ ÄÅÖÅÌÏÐÍÅÎÔ 

ÐÁÔÈ×ÁÙÓ ÕÎÄÅÒ Á ÃÈÁÎÇÉÎÇ ÃÌÉÍÁÔÅȡ ×ÁÔÅÒȤÅÎÅÒÇÙȤÆÏÏÄ ÓÅÃÕÒÉÔÙ ÉÎ ÔÈÅ ÌÁËÅ -ÁÌÁ×ÉȤ3ÈÉÒÅ ÒÉÖÅÒ ÓÙÓÔÅÍȢ 

0ÈÉÌÏÓÏÐÈÉÃÁÌ 4ÒÁÎÓÁÃÔÉÏÎÓ ÏÆ ÔÈÅ 2ÏÙÁÌ 3ÏÃÉÅÔÙ !ȡ -ÁÔÈÅÍÁÔÉÃÁÌȟ 0ÈÙÓÉÃÁÌ ÁÎÄ %ÎÇÉÎÅÅÒÉÎÇ 3ÃÉÅÎÃÅÓȟ 

σψπɉςςςρɊȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωψȾÒÓÔÁȢςπςρȢπρστ 

"ÕÒÅËȟ 0Ȣȟ 3ÁÔÏÈȟ 9Ȣȟ +ÁÈÉÌȟ 4Ȣȟ 4ÁÎÇȟ 4Ȣȟ 'ÒÅÖÅȟ 0Ȣȟ 3ÍÉÌÏÖÉÃȟ -Ȣȟ 'ÕÉÌÌÁÕÍÏÔȟ ,Ȣȟ :ÈÁÏȟ &Ȣȟ ÁÎÄ 7ÁÄÁȟ 9Ȣ ςπςπȡ 

$ÅÖÅÌÏÐÍÅÎÔ ÏÆ ÔÈÅ #ÏÍÍÕÎÉÔÙ 7ÁÔÅÒ -ÏÄÅÌ ɉ#7ÁÔ- ÖρȢπτɊ ɀ Á ÈÉÇÈȤÒÅÓÏÌÕÔÉÏÎ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌ ÆÏÒ 

ÇÌÏÂÁÌ ÁÎÄ ÒÅÇÉÏÎÁÌ ÁÓÓÅÓÓÍÅÎÔ ÏÆ ÉÎÔÅÇÒÁÔÅÄ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÍÁÎÁÇÅÍÅÎÔȟ 'ÅÏÓÃÉȢ -ÏÄÅÌ $ÅÖȢȟ ρσȟ σςφχɀ

σςωψȟ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢυρωτȾÇÍÄȤρσȤσςφχȤςπςπȢ 

#ÁÌÄÅÒȟ )Ȣ 2Ȣȟ (ÁÌÌȟ 2Ȣ ,Ȣȟ "ÁÓÔÁÂÌÅÁȟ (Ȣ 'Ȣȟ 'ÕÎÓÔÏÎÁȟ (Ȣ -Ȣȟ 3ÈÅÌÁÂȟ /Ȣȟ #ÈÉÒ×ÁÂȟ !Ȣȟ Ǫ +ÁÆÕÎÄÕÂȟ 2Ȣ ρωωυȢ 4ÈÅ 

ÉÍÐÁÃÔ ÏÆ ÌÁÎÄ ÕÓÅ ÃÈÁÎÇÅ ÏÎ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÉÎ ÓÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁȡ Á ÍÏÄÅÌÌÉÎÇ ÓÔÕÄÙ ÏÆ ,ÁËÅ -ÁÌÁ×ÉȢ )Î 

*ÏÕÒÎÁÌ ÏÆ (ÙÄÒÏÌÏÇÙ ɉ6ÏÌȢ ρχπɊȢ %,3%6)%2Ȣ 

#ÈÁÆÕ×Áȟ #Ȣ ςπρχȢ 0ÒÉÏÒÉÔÉÅÓ ÆÏÒ ÉÒÒÉÇÁÔÉÏÎ ÉÎÖÅÓÔÍÅÎÔ ÉÎ -ÁÌÁ×ÉȢ -Á330 0ÏÌÉÃÙ .ÏÔÅ ςψȢ 7ÁÓÈÉÎÇÔÏÎȟ $Ȣ#ȡ 

)ÎÔÅÒÎÁÔÉÏÎÁÌ &ÏÏÄ 0ÏÌÉÃÙ 2ÅÓÅÁÒÃÈ )ÎÓÔÉÔÕÅ ɉ)&02)ɊȢ 

ÈÔÔÐȡȾȾÅÂÒÁÒÙȢÉÆÐÒÉȢÏÒÇȾÃÄÍȾÒÅÆȾÃÏÌÌÅÃÔÉÏÎȾÐρυχσψÃÏÌÌςȾÉÄȾρσρσχφ 

#ÈÁÖÁÒÒąǲÁȟ 3Ȣ "Ȣȟ 7ÅÒÎÅÒȟ -Ȣȟ 3ÁÌÁÚÁÒȟ *Ȣ &Ȣȟ Ǫ 6ÁÒÇÁÓȟ 4Ȣ "Ȣ ςπςςȢ "ÅÎÃÈÍÁÒËÉÎÇ ÇÌÏÂÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÁÎÄ ÌÁÎÄ 

ÓÕÒÆÁÃÅ ÍÏÄÅÌÓ ÁÇÁÉÎÓÔ '2!#% ÉÎ Á ÍÅÄÉÕÍȤÓÉÚÅÄ ÔÒÏÐÉÃÁÌ ÂÁÓÉÎȢ (ÙÄÒÏÌÏÇÙ ÁÎÄ %ÁÒÔÈ 3ÙÓÔÅÍ 3ÃÉÅÎÃÅÓȟ 

ςφɉρφɊȟ τσςσɀτσττȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢυρωτȾÈÅÓÓȤςφȤτσςσȤςπςς 

#ÈÁÖÕÌÁ '-3Ȣ ςπρςȢ -ÁÌÁ×ÉȢ )Îȡ 'ÒÏÕÎÄ×ÁÔÅÒ !ÖÁÉÌÁÂÉÌÉÔÙ ÁÎÄ 5ÓÅ ÉÎ 3ÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁȡ Á ÒÅÖÉÅ× ÏÆ 

ПÉÆÔÅÅÎ ÃÏÕÎÔÒÉÅÓȢ 0ÁÖÅÌÉÃ 0 ÅÔ ÁÌȢ ɉ%ÄÓɊȢ )ÎÔÅÒÎÁÔÉÏÎÁÌ 7ÁÔÅÒ -ÁÎÁÇÅÍÅÎÔ )ÎÓÔÉÔÕÔÅȟ 3ÒÉ ,ÁÎËÁȢ 

#ÈÅÎȟ 'Ȣȟ (ÕÁȟ 7Ȣȟ &ÁÎÇȟ 8Ȣȟ 7ÁÎÇȟ #Ȣȟ Ǫ ,Éȟ 8Ȣ ςπςρȢ $ÉÓÔÒÉÂÕÔÅÄȤ&ÒÁÍÅ×ÏÒË "ÁÓÉÎ -ÏÄÅÌÉÎÇ 3ÙÓÔÅÍȡ ))Ȣ 

(ÙÄÒÏÌÏÇÉÃ -ÏÄÅÌÉÎÇ 3ÙÓÔÅÍȢ 7ÁÔÅÒȟ ρσɉυɊȟ χττȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾ×ρσπυπχττ 

#ÈÏȟ 3Ȣ *Ȣȟ +ÌÅÍÚȟ #Ȣȟ "ÁÒÒÅÔÏȟ 3Ȣȟ 2ÁÅÐÐÌÅȟ *Ȣȟ "ÒÁÃÁÌÅȟ (Ȣȟ !ÃÏÓÔÁȟ %Ȣ !Ȣȟ 2ÏÇÅǲÌÉÚȤ0ÒÁÄÁȟ #Ȣ !Ȣȟ Ǫ #ÉÁÓÃÁȟ "Ȣ 3Ȣ 

ςπςσȢ #ÏÌÌÁÂÏÒÁÔÉÖÅ 7ÁÔÅÒÓÈÅÄ -ÏÄÅÌÉÎÇ ÁÓ 3ÔÁËÅÈÏÌÄÅÒ %ÎÇÁÇÅÍÅÎÔ 4ÏÏÌ ÆÏÒ 3ÃÉÅÎÃÅȤ"ÁÓÅÄ 7ÁÔÅÒ 0ÏÌÉÃÙ 

!ÓÓÅÓÓÍÅÎÔ ÉÎ 3ÁǿÏ 0ÁÕÌÏȟ "ÒÁÚÉÌȢ 7ÁÔÅÒ ɉ3×ÉÔÚÅÒÌÁÎÄɊȟ ρυɉσɊȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾ×ρυπσπτπρ 
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ρωυ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

$ÒÁÙÔÏÎȟ 2Ȣ 3Ȣ ρωψτȢ 6ÁÒÉÁÔÉÏÎÓ ÉÎ ÔÈÅ ÌÅÖÅÌ ÏÆ ÌÁËÅ -ÁÌÁ×ÉȢ (ÙÄÒÏÌÏÇÉÃÁÌ 3ÃÉÅÎÃÅÓ *ÏÕÒÎÁÌȟ ςωɉρɊȟ ρɀρςȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπψπȾπςφςφφφψτπωτωπωρψ 

%ÄÅÎȟ 3Ȣȟ -ÅÇÄÁÌȟ 3Ȣȟ 3ÈÁÍÉÒȟ %Ȣȟ #ÈÉÅÆȟ +Ȣȟ Ǫ -ÏÔÔ ,ÁÃÒÏÉØȟ +Ȣ ςπρφȢ /ÐÅÎÉÎÇ ÔÈÅ "ÌÁÃË "ÏØȡ 5ÓÉÎÇ Á 

(ÙÄÒÏÌÏÇÉÃÁÌ -ÏÄÅÌ ÔÏ ,ÉÎË 3ÔÁËÅÈÏÌÄÅÒ %ÎÇÁÇÅÍÅÎÔ ×ÉÔÈ 'ÒÏÕÎÄ×ÁÔÅÒ -ÁÎÁÇÅÍÅÎÔȢ 7ÁÔÅÒȟ ψɉυɊȟ ςρφȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾ×ψπυπςρφ 

&ÒÁÓÅÒȟ #Ȣ-ȢȠ +ÁÌÉÎȟ 2Ȣ-ȢȠ +ÁÎÊÁÙÅȟ -ȢȠ 5ËÁȟ :Ȣ ςπςπȢ ! -ÅÔÈÏÄÏÌÏÇÙ ÔÏ )ÄÅÎÔÉÆÙ 6ÕÌÎÅÒÁÂÌÅ 4ÒÁÎÓÂÏÕÎÄÁÒÙ 

!ÑÕÉÆÅÒ (ÏÔÓÐÏÔÓ ÆÏÒ -ÕÌÔÉȤ3ÃÁÌÅ 'ÒÏÕÎÄ×ÁÔÅÒ -ÁÎÁÇÅÍÅÎÔȢ 7ÁÔÅÒ )ÎÔÅÒÎÁÔÉÏÎÁÌȢ τυȟ ψφυɀψψσȟ 

ÄÏÉȡρπȢρπψπȾπςυπψπφπȢςπςπȢρψσςχτχȢ 

'ÁÎȟ 2Ȣȟ :ÈÁÎÇȟ 9Ȣ1Ȣȟ 3ÈÉȟ (Ȣȟ 9ÁÎÇȟ 9Ȣ4Ȣȟ %ÁÍÕÓȟ $Ȣȟ #ÈÅÎÇȟ ,Ȣȟ #ÈÉÅ×ȟ &Ȣ(Ȣ3Ȣȟ 9Õȟ 1Ȣȟ ςπρψȢ 5ÓÅ ÏÆ ÓÁÔÅÌÌÉÔÅ ÌÅÁÆ 

ÁÒÅÁ ÉÎÄÅØ ÅÓÔÉÍÁÔÉÎÇ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÁÎÄ ÇÒÏÓÓ ÁÓÓÉÍÉÌÁÔÉÏÎ ÆÏÒ !ÕÓÔÒÁÌÉÁÎ ÅÃÏÓÙÓÔÅÍÓȢ %ÃÏÈÙÄÒÏÌÏÇÙȟ 

ÄÏÉȡρπȢρππςȾÅÃÏȢρωχτ 

'ÎÁÎÎȟ 3Ȣȟ 2ÅÉÎÅÃËÅȟ 2Ȣȟ 3ÔÅÉÎȟ ,Ȣȟ 7ÁÄÁȟ 9Ȣȟ 4ÈÉÅÒÙȟ 7Ȣȟ -ÕȃÌÌÅÒ 3ÃÈÍÉÅÄȟ (Ȣȟ 3ÁÔÏÈȟ 9Ȣȟ 0ÏËÈÒÅÌȟ 9Ȣȟ /ÓÔÂÅÒÇȟ 3Ȣȟ 

+ÏÕÔÒÏÕÌÉÓȟ !Ȣȟ (ÁÎÁÓÁËÉȟ .Ȣȟ 'ÒÉÌÌÁËÉÓȟ -Ȣȟ 'ÏÓÌÉÎÇȟ 3Ȣ .Ȣȟ "ÕÒÅËȟ 0Ȣȟ "ÉÅÒËÅÎÓȟ -Ȣ &Ȣ 0Ȣȟ Ǫ 7ÁÇÅÎÅÒȟ 4Ȣ ςπςσȢ 

&ÕÎÃÔÉÏÎÁÌ ÒÅÌÁÔÉÏÎÓÈÉÐÓ ÒÅÖÅÁÌ ÄÉÆÆÅÒÅÎÃÅÓ ÉÎ ÔÈÅ ×ÁÔÅÒ ÃÙÃÌÅ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÇÌÏÂÁÌ ×ÁÔÅÒ ÍÏÄÅÌÓȢ 

.ÁÔÕÒÅ 7ÁÔÅÒȟ ρɉρςɊȟ ρπχωɀρπωπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσψȾÓττςςρȤπςσȤππρφπȤÙ 

'ÏÒÅÌÉÃËȟ .Ȣȟ (ÁÎÃÈÅÒȟ -Ȣȟ $ÉØÏÎȟ -Ȣȟ )ÌÙÕÓÈÃÈÅÎËÏȟ 3Ȣȟ 4ÈÁÕȟ $Ȣȟ Ǫ -ÏÏÒÅȟ 2Ȣ ςπρχȢ 'ÏÏÇÌÅ %ÁÒÔÈ %ÎÇÉÎÅȡ 

0ÌÁÎÅÔÁÒÙȤÓÃÁÌÅ ÇÅÏÓÐÁÔÉÁÌ ÁÎÁÌÙÓÉÓ ÆÏÒ ÅÖÅÒÙÏÎÅȢ 2ÅÍÏÔÅ 3ÅÎÓÉÎÇ ÏÆ %ÎÖÉÒÏÎÍÅÎÔȢ 

'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ -ÉÎÉÓÔÒÙ ÏÆ !ÇÒÉÃÕÌÔÕÒÅȟ )ÒÒÉÇÁÔÉÏÎȟ ÁÎÄ 7ÁÔÅÒ $ÅÖÅÌÏÐÍÅÎÔȢ ςπρωȢ 7ÁÔÅÒ 

$ÅÖÅÌÏÐÍÅÎÔ 2ÅÐÏÒÔȢ !ÖÁÉÌÁÂÌÅ ÏÎÌÉÎÅ ÁÔȡ ÈÔÔÐÓȡȾȾÁÇÒÉÃÕÌÔÕÒÅȢÇÏÖȢÍ×ȾÄÏÃÓȾ7ÁÔÅÒϷςπ$ÅÖÅÌÏÐÍÅÎÔȢÐÄÆ 

'ÒÁÈÁÍȟ *Ȣ 0Ȣȟ Ǫ 0ÏÌÉÚÚÏÔÔÏȟ -Ȣ ,Ȣ ςπρσȢ 0ÉÔ ÌÁÔÒÉÎÅÓ ÁÎÄ ÔÈÅÉÒ ÉÍÐÁÃÔÓ ÏÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÑÕÁÌÉÔÙȡ Á ÓÙÓÔÅÍÁÔÉÃ 

ÒÅÖÉÅ×Ȣ %ÎÖÉÒÏÎÍÅÎÔÁÌ ÈÅÁÌÔÈ ÐÅÒÓÐÅÃÔÉÖÅÓȟ ρςρɉυɊȟ υςρɀυσπȢ  

'ÕÉÌÌÁÕÍÏÔȟ ,Ȣ ȟ 3ÍÉÌÏÖÉÃȟ -Ȣ ȟ "ÕÒÅËȟ 0Ȣ ȟ ÄÅ "ÒÕÉÊÎȟ *Ȣ ȟ 'ÒÅÖÅȟ 0Ȣȟ +ÁÈÉÌȟ 4Ȣ ȟ Ǫ 7ÁÄÁȟ 9Ȣ  ςπςςȢ #ÏÕÐÌÉÎÇ Á ÌÁÒÇÅȤ

ÓÃÁÌÅ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌ ɉ#7ÁÔ- ÖρȢρɊ ×ÉÔÈ Á ÈÉÇÈȤÒÅÓÏÌÕÔÉÏÎ ÇÒÏÕÎÄ×ÁÔÅÒ ПÌÏ× ÍÏÄÅÌ ɉ-/$&,/7 φɊ ÔÏ 

ÁÓÓÅÓÓ ÔÈÅ ÉÍÐÁÃÔ ÏÆ ÉÒÒÉÇÁÔÉÏÎ ÁÔ ÒÅÇÉÏÎÁÌ ÓÃÁÌÅȢ 'ÅÏÓÃÉÅÎÔÉПÉÃ -ÏÄÅÌ $ÅÖÅÌÏÐÍÅÎÔ ρυ ɉρψɊ χπωωȤχρςπȢ 

ρπȢυρωτȾÇÍÄȤρυȤχπωωȤςπςς 

(ÅÒÄÅÎÄÏÒÆȟ #Ȣ %Ȣ ρωψτȢ )ÎÖÅÎÔÏÒÙ ÏÆ ÔÈÅ ÍÏÒÐÈÏÍÅÔÒÉÃ ÁÎÄ ÌÉÍÎÏÌÏÇÉÃ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ÔÈÅ ÌÁÒÇÅ ÌÁËÅÓ ÏÆ 

ÔÈÅ ×ÏÒÌÄȢ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+ȟ +ÁÌÉÎȟ 2Ȣ-Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ -ÌÅÔÁȟ 0Ȣȟ -ÁÃÌÅÏÄȟ #Ȣ*Ȣ!Ȣȟ 4ÒÏÌÄÂÏÒÇȟ -Ȣ ɉ)Î ÒÅÖÉÅ×ɊȢ 3ÐÁÔÉÁÌ ÍÏÄÅÌ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÒÉÓËÓ ÆÒÏÍ ÐÉÔȤÌÁÔÒÉÎÅÓ ÕÎÄÅÒ ÍÕÌÔÉÐÌÅ ÓÁÎÉÔÁÔÉÏÎ ÓÃÅÎÁÒÉÏÓ ÉÎ Á ÌÏ×ȤÉÎÃÏÍÅ 

ÃÏÕÎÔÒÙȢ 7ÁÔÅÒ 2ÅÓÅÁÒÃÈȢ 0ÒÅÐÒÉÎÔ ÁÔ  ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢςρςπσȾÒÓȢσȢÒÓȤσφπτυχσȾÖςȢ 0ÕÂÌÉÓÈÅÄ ςω -ÁÒÃÈ 

ςπςτȢ 

(ÉÎÔÏÎȟ 2Ȣ'Ȣ+ȢȠ -ÁÃÌÅÏÄȟ #Ȣ*Ȣ!ȢȠ 4ÒÏÌÄÂÏÒÇȟ -ȢȠ +ÁÎÊÁÙÅȟ -Ȣ"ȢȠ +ÁÌÉÎȟ 2Ȣ-Ȣ ςπςσȢ 4ÈÅ 3ÔÁÔÕÓ ÏÆ 3ÁÎÉÔÁÔÉÏÎ ÉÎ 

-ÁÌÁ×Éȡ )Ó 3$'φȢς !ÃÈÉÅÖÁÂÌÅȩ )ÎÔÅÒÎÁÔÉÏÎÁÌ *ÏÕÒÎÁÌ ÏÆ %ÎÖÉÒÏÎÍÅÎÔÁÌ 2ÅÓÅÁÒÃÈ ÁÎÄ 0ÕÂÌÉÃ (ÅÁÌÔÈȟ ςπȟ 

φυςψȟ ÄÏÉȡρπȢσσωπȾÉÊÅÒÐÈςπρυφυςψȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ ρωωχȢ %ÓÔÉÍÁÔÅÓ ÏÆ 2ÏÏÔȤ-ÅÁÎȤ3ÑÕÁÒÅ 2ÁÎÄÏÍ %ÒÒÏÒ ÆÏÒ &ÉÎÉÔÅ 3ÁÍÐÌÅÓ ÏÆ %ÓÔÉÍÁÔÅÄ 

0ÒÅÃÉÐÉÔÁÔÉÏÎȟ *Ȣ !ÐÐÌȢ -ÅÔÅÏÒȢȟ ρρωρȤρςπρȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ ςπρςȢ !ÌÇÏÒÉÔÈÍ 4ÈÅÏÒÅÔÉÃÁÌ "ÁÓÉÓ $ÏÃÕÍÅÎÔ ɉ!4"$Ɋ 6ÅÒÓÉÏÎ σȢπ ÆÏÒ ÔÈÅ .!3! 'ÌÏÂÁÌ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ -ÅÁÓÕÒÅÍÅÎÔ ɉ'0-Ɋ )ÎÔÅÇÒÁÔÅÄ -ÕÌÔÉȤÓÁÔÅÌÌÉÔ% 2ÅÔÒÉÅÖÁÌÓ ÆÏÒ '0- ɉ)Ȥ-%2'ɊȢ '0- 0ÒÏÊÅÃÔȟ 

'ÒÅÅÎÂÅÌÔȟ -$ȟ ςω ÐÐȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ 2Ȣ&Ȣ !ÄÌÅÒȟ "Ȣ 2ÕÄÏÌÐÈȟ 5Ȣ 3ÃÈÎÅÉÄÅÒȟ ÁÎÄ 0Ȣ +ÅÅÈÎȟ ρωωυȢ 'ÌÏÂÁÌ 0ÒÅÃÉÐÉÔÁÔÉÏÎ %ÓÔÉÍÁÔÅÓ "ÁÓÅÄ 

ÏÎ Á 4ÅÃÈÎÉÑÕÅ ÆÏÒ #ÏÍÂÉÎÉÎÇ 3ÁÔÅÌÌÉÔÅȤ"ÁÓÅÄ %ÓÔÉÍÁÔÅÓȟ 2ÁÉÎ 'ÁÕÇÅ !ÎÁÌÙÓÉÓȟ ÁÎÄ .70 -ÏÄÅÌ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ )ÎÆÏÒÍÁÔÉÏÎȟ *Ȣ #ÌÉÍȢȟ ψȟ ρςψτȤρςωυȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ 2Ȣ&Ȣ !ÄÌÅÒȟ $Ȣ4Ȣ "ÏÌÖÉÎȟ 'Ȣ 'Õȟ %Ȣ*Ȣ .ÅÌËÉÎȟ +Ȣ0Ȣ "Ï×ÍÁÎȟ 9Ȣ (ÏÎÇȟ %Ȣ&Ȣ 3ÔÏÃËÅÒȟ $Ȣ"Ȣ 7ÏÌÆÆȢ ςππχȢ 

4ÈÅ 42-- -ÕÌÔÉȤ3ÁÔÅÌÌÉÔÅ 0ÒÅÃÉÐÉÔÁÔÉÏÎ !ÎÁÌÙÓÉÓȡ 1ÕÁÓÉȤ'ÌÏÂÁÌȟ -ÕÌÔÉȤ9ÅÁÒȟ #ÏÍÂÉÎÅÄȤ3ÅÎÓÏÒ 0ÒÅÃÉÐÉÔÁÔÉÏÎ 

%ÓÔÉÍÁÔÅÓ ÁÔ &ÉÎÅ 3ÃÁÌÅȢ *Ȣ (ÙÄÒÏÍÅÔÅÏÒȢȟ ψɉρɊȟ σψȤυυȢ 



 

ρωφ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ 2Ȣ&Ȣ !ÄÌÅÒȟ -Ȣ -ÏÒÒÉÓÓÅÙȟ $Ȣ4Ȣ "ÏÌÖÉÎȟ 3Ȣ #ÕÒÔÉÓȟ 2Ȣ *ÏÙÃÅȟ " -Ã'ÁÖÏÃËȟ *Ȣ 3ÕÓÓËÉÎÄȟ ςππρȡ 'ÌÏÂÁÌ 

0ÒÅÃÉÐÉÔÁÔÉÏÎ ÁÔ /ÎÅȤ$ÅÇÒÅÅ $ÁÉÌÙ 2ÅÓÏÌÕÔÉÏÎ ÆÒÏÍ -ÕÌÔÉȤ3ÁÔÅÌÌÉÔÅ /ÂÓÅÒÖÁÔÉÏÎÓȢ *Ȣ (ÙÄÒÏÍÅÔÅÏÒȢȟ ςɉρɊȟ σφȤ

υπȢ 

(ÕÆÆÍÁÎȟ 'Ȣ*Ȣȟ 2Ȣ&Ȣ !ÄÌÅÒȟ 0Ȣ !ÒËÉÎȟ !Ȣ #ÈÁÎÇȟ 2Ȣ &ÅÒÒÁÒÏȟ !Ȣ 'ÒÕÂÅÒȟ *Ȣ *ÁÎÏ×ÉÁËȟ !Ȣ -Ã.ÁÂȟ "Ȣ 2ÕÄÏÌÐÈȟ ÁÎÄ 5Ȣ 

3ÃÈÎÅÉÄÅÒȟ ρωωχȡ 4ÈÅ 'ÌÏÂÁÌ 0ÒÅÃÉÐÉÔÁÔÉÏÎ #ÌÉÍÁÔÏÌÏÇÙ 0ÒÏÊÅÃÔ ɉ'0#0Ɋ #ÏÍÂÉÎÅÄ 0ÒÅÃÉÐÉÔÁÔÉÏÎ $ÁÔÁÓÅÔȟ 

"ÕÌȢ !ÍÅÒȢ -ÅÔÅÏÒȢ 3ÏÃȢȟ χψȟ υȤςπȢ 

)ÎÔÅÒÎÁÔÉÏÎÁÌ 'ÒÏÕÎÄ×ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ !ÓÓÅÓÓÍÅÎÔ #ÅÎÔÒÅ ɉ)'2!#ɊȢ ςπρσΦ 'ÒÏÕÎÄ×ÁÔÅÒ -ÏÎÉÔÏÒÉÎÇ ÉÎ ÔÈÅ 
3!$# 2ÅÇÉÏÎȢ /ÖÅÒÖÉÅ× ÐÒÅÐÁÒÅÄ ÆÏÒ ÔÈÅ 3ÔÏÃËÈÏÌÍ 7ÏÒÌÄ 7ÁÔÅÒ 7ÅÅË ςπρσ 

+ÁÌÉÎȟ 2Ȣ-Ȣȟ (ÉÎÔÏÎȟ 2Ȣ'Ȣ+ȟ 2ÉÄÄÅÌȟ ,Ȣȟ 2ÉÖÅÔÔȟ -Ȣȟ -ÌÅÔÁȟ 0Ȣȟ +ÁÎÊÁÙÅȟ -Ȣȟ +ÁÍÕÔÕÌÁȟ 3Ȣȟ 7ÁÎÁÎÇ×Áȟ 'Ȣȟ 5ËÁȟ :Ȣȟ 

.ÇÏÎÇÏȟ #Ȣ ɉ)Î 0ÒÅÐɊȢ 'ÒÏÕÎÄ×ÁÔÅÒ 3ÔÏÒÁÇÅ ÁÓ Á ËÅÙ ÔÅÍÐÏÒÁÌ ÁÎÄ ÓÐÁÔÉÁÌ ÆÁÃÔÏÒ ÆÏÒ ÓÕÒÆÁÃÅ ×ÁÔÅÒ 

ÁÖÁÉÌÁÂÉÌÉÔÙ ÔÏ ,ÁËÅ -ÁÌÁ×ÉȢ *ÏÕÒÎÁÌ ÏÆ (ÙÄÒÏÌÏÇÙȢ  

+ÁÌÉÎȟ 2ȢȠ -×ÁÎÁÍÖÅËÁȟ *ȢȠ #ÏÕÌÓÏÎȟ !ȢȠ 2ÏÂÅÒÔÓÏÎȟ $ȢȠ #ÌÁÒËȟ (ȢȠ 2ÁÔÈÊÅÎȟ *ȢȠ 2ÉÖÅÔÔȟ -Ȣ ςπρωȢ 3ÔÒÁÎÄÅÄ !ÓÓÅÔÓ 

ÁÓ Á +ÅÙ #ÏÎÃÅÐÔ ÔÏ 'ÕÉÄÅ )ÎÖÅÓÔÍÅÎÔ 3ÔÒÁÔÅÇÉÅÓ ÆÏÒ 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔ 'ÏÁÌ φȢ 7ÁÔÅÒȟ ρρȟ χπςȟ 

ÄÏÉȡρπȢσσωπȾ×ρρπτπχπςȢ 

+ÁÌÉÎȟ 2Ȣ-Ȣȟ -ÌÅÔÁȟ 0Ȣȟ !ÄÄÉÓÏÎȟ -Ȣ*Ȣȟ "ÁÎÄÁȟ ,Ȣ#Ȣȟ "ÕÔÁÏȟ :Ȣȟ .ËÈÁÔÁȟ -Ȣȟ 2ÉÖÅÔÔȟ -Ȣ/Ȣȟ -ÌÏÍÂÁȟ 0Ȣȟ 0ÈÉÒÉȟ /Ȣȟ 

-ÁÍÂÕÌÕȟ *ȟ 0ÈÉÒÉȟ /Ȣ#Ȣȟ +ÁÍÂÕËÕȟ $Ȣ$Ȣȟ -ÁÎÄÁȟ *Ȣȟ '×ÅÄÅÚÁȟ !Ȣȟ (ÉÎÔÏÎȟ 2Ȣ ςπςςȢ (ÙÄÒÏÇÅÏÌÏÇÙ ÁÎÄ 

'ÒÏÕÎÄ×ÁÔÅÒ 1ÕÁÌÉÔÙ !ÔÌÁÓ ÏÆ -ÁÌÁ×Éȟ "ÕÌÌÅÔÉÎȟ -ÉÎÉÓÔÒÙ ÏÆ 7ÁÔÅÒ ÁÎÄ 3ÁÎÉÔÁÔÉÏÎȟ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ 

)3". ωχψȤρȤωρυυπωȤππȤπ ρυρÐÐ 

+ÁÌÉÎȟ 2Ȣ-Ȣȟ -ÌÅÔÁȟ 0Ȣȟ !ÄÄÉÓÏÎȟ -Ȣ*Ȣȟ "ÁÎÄÁȟ ,Ȣ#Ȣȟ "ÕÔÁÏȟ :Ȣȟ .ËÈÁÔÁȟ -Ȣȟ 2ÉÖÅÔÔȟ -Ȣ/Ȣȟ -ÌÏÍÂÁȟ 0Ȣȟ 0ÈÉÒÉȟ /Ȣȟ 

-ÁÍÂÕÌÕȟ *ȟ 0ÈÉÒÉȟ /Ȣ#Ȣȟ +ÁÍÂÕËÕȟ $Ȣ$Ȣȟ -ÁÎÄÁȟ *Ȣȟ '×ÅÄÅÚÁȟ !Ȣȟ (ÉÎÔÏÎȟ 2Ȣ ςπςςȢ (ÙÄÒÏÇÅÏÌÏÇÙ ÁÎÄ 

'ÒÏÕÎÄ×ÁÔÅÒ 1ÕÁÌÉÔÙ !ÔÌÁÓ ÏÆ -ÁÌÁ×Éȟ $×ÁÎÇ×Á 2ÉÖÅÒ #ÁÔÃÈÍÅÎÔȟ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅ !ÒÅÁ φȟ -ÉÎÉÓÔÒÙ ÏÆ 

7ÁÔÅÒ ÁÎÄ 3ÁÎÉÔÁÔÉÏÎȟ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȟ )3". ωχψȤρȤωρυυπωȤπχȤω ψςÐÐ 

+ÅÌÌÙȟ ,Ȣȟ "ÅÒÔÒÁÍȟ $Ȣȟ +ÁÌÉÎȟ 2Ȣȟ .ÇÏÎÇÏÎÄÏȟ #Ȣȟ Ǫ 3ÉÂÁÎÄÅȟ (Ȣ ςπςπȢ ! .ÁÔÉÏÎÁÌ 3ÃÁÌÅ !ÓÓÅÓÓÍÅÎÔ ÏÆ 

4ÅÍÐÏÒÁÌ 6ÁÒÉÁÔÉÏÎÓ ÉÎ 'ÒÏÕÎÄ×ÁÔÅÒ $ÉÓÃÈÁÒÇÅ ÔÏ 2ÉÖÅÒÓȡ -ÁÌÁ×ÉȢ !ÍÅÒÉÃÁÎ *ÏÕÒÎÁÌ ÏÆ 7ÁÔÅÒ 3ÃÉÅÎÃÅ ÁÎÄ 

%ÎÇÉÎÅÅÒÉÎÇȟ φɉρɊȟ σωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρφτψȾÊȢÁÊ×ÓÅȢςπςππφπρȢρυ 

+ÏÌÌÅÔȟ 3Ȣ *Ȣȟ Ǫ -ÁØ×ÅÌÌȟ 2Ȣ -Ȣ ςππψȢ #ÁÐÔÕÒÉÎÇ ÔÈÅ ÉÎПÌÕÅÎÃÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÄÙÎÁ-)#3 ÏÎ ÌÁÎÄ ÓÕÒÆÁÃÅ 

ÐÒÏÃÅÓÓÅÓ ÕÓÉÎÇ ÁÎ ÉÎÔÅÇÒÁÔÅÄȟ ÄÉÓÔÒÉÂÕÔÅÄ ×ÁÔÅÒÓÈÅÄ ÍÏÄÅÌȢ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ 2ÅÓÅÁÒÃÈȟ ττɉςɊȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπςωȾςππχ72ππφππτ 

+ÏÏȟ *Á×ÏÏȠ ÁÎÄ 0ÁÒÄÅÙȟ 0ÈÉÌÉÐ 'Ȣ ςπςπȢ (ÁÒÖÅÓÔ#ÈÏÉÃÅȡ 3ÕÐÐÏÒÔÉÎÇ ÓÔÒÁÔÅÇÉÃ ÉÎÖÅÓÔÍÅÎÔ ÃÈÏÉÃÅÓ ÉÎ 

ÁÇÒÉÃÕÌÔÕÒÁÌ ÔÅÃÈÎÏÌÏÇÙ ÄÅÖÅÌÏÐÍÅÎÔ ÁÎÄ ÁÄÏÐÔÉÏÎȢ 0ÒÏÊÅÃÔ .ÏÔÅ *ÕÌÙ ςπςπȢ 7ÁÓÈÉÎÇÔÏÎȟ $#ȡ )ÎÔÅÒÎÁÔÉÏÎÁÌ 

&ÏÏÄ 0ÏÌÉÃÙ 2ÅÓÅÁÒÃÈ )ÎÓÔÉÔÕÔÅ ɉ)&02)ɊȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢςτωωȾÐρυχσψÃÏÌÌςȢρσσψπχ 

+ÒÁÆÔȟ "Ȣȟ *ÕÎÇȟ -Ȣȟ +ÏȃÒÎÅÒȟ -Ȣȟ +ÏÉÒÁÌÁȟ 3Ȣȟ Ǫ 2ÅÉÃÈÓÔÅÉÎȟ -Ȣ ςπςςȢ 4Ï×ÁÒÄÓ ÈÙÂÒÉÄ ÍÏÄÅÌÉÎÇ ÏÆ ÔÈÅ ÇÌÏÂÁÌ 

ÈÙÄÒÏÌÏÇÉÃÁÌ ÃÙÃÌÅȢ (ÙÄÒÏÌÏÇÙ ÁÎÄ %ÁÒÔÈ 3ÙÓÔÅÍ 3ÃÉÅÎÃÅÓȟ ςφɉφɊȟ ρυχωɀρφρτȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢυρωτȾÈÅÓÓȤςφȤρυχωȤςπςς 

+ÕÍÁÍÂÁÌÁȟ 0Ȣ 'Ȣ ςπρπȢ $ÅÐÁÒÔÍÅÎÔ ÏÆ #ÉÖÉÌ %ÎÇÉÎÅÅÒÉÎÇ 3ÕÓÔÁÉÎÁÂÉÌÉÔÙ ÏÆ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ $ÅÖÅÌÏÐÍÅÎÔ 

ÆÏÒ -ÁÌÁ×É ×ÉÔÈ 0ÁÒÔÉÃÕÌÁÒ %ÍÐÈÁÓÉÓ ÏÎ .ÏÒÔÈ ÁÎÄ #ÅÎÔÒÁÌ -ÁÌÁ×ÉȢ 0È$ 4ÈÅÓÉÓȢ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 'ÌÁÓÇÏ×Ȣ 

,ÁÎÄÅÒÅÒ &Ȣ7Ȣ ÁÎÄ 3×ÅÎÓÏÎȟ 3Ȣ #Ȣ ςπρςȢ !ÃÃÕÒÁÃÙ ÏÆ ÓÃÁÌÅÄ '2!#% ÔÅÒÒÅÓÔÒÉÁÌ ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÅÓÔÉÍÁÔÅÓȢ 

7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓ 2ÅÓÅÁÒÃÈȟ 6ÏÌ τψȟ 7πτυσρȟ ρρ 00ȟ ÄÏÉȡρπȢρπςωȾςπρρ72πρρτυσȟ ςπρςȢ 

,ÁÎÄÓÔÒÏȃÍȟ #Ȣȟ 3ÁÒÍÉÅÎÔÏȟ %Ȣȟ Ǫ 7ÈÁÔÍÏÒÅȟ 3Ȣ *Ȣ ςπςσȢ 3ÔÁËÅÈÏÌÄÅÒ ÅÎÇÁÇÅÍÅÎÔ ÄÏÅÓ ÎÏÔ ÇÕÁÒÁÎÔÅÅ ÉÍÐÁÃÔȡ 

! ÃÏȤÐÒÏÄÕÃÔÉÏÎÉÓÔ ÐÅÒÓÐÅÃÔÉÖÅ ÏÎ ÍÏÄÅÌȤÂÁÓÅÄ ÄÒÏÕÇÈÔ ÒÅÓÅÁÒÃÈȢ 3ÏÃÉÁÌ 3ÔÕÄÉÅÓ ÏÆ 3ÃÉÅÎÃÅȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρχχȾπσπφσρςχςσρρωωςςπ 

,ÉÌÏÎÇ×Å 7ÁÔÅÒ "ÏÁÒÄȢ ςπρψȢ %ÎÖÉÒÏÎÍÅÎÔÁÌ ÁÎÄ 3ÏÃÉÁÌ )ÍÐÁÃÔ !ÓÓÅÓÓÍÅÎÔ ÆÏÒ ,ÁËÅ -ÁÌÁ×É 7ÁÔÅÒ 3ÕÐÐÌÙ 

0ÒÏÊÅÃÔ ÆÏÒ ,ÉÌÏÎÇ×Å #ÉÔÙȠ -ÉÎÉÓÔÒÙ ÏÆ !ÇÒÉÃÕÌÔÕÒÅȟ )ÒÒÉÇÁÔÉÏÎ ÁÎÄ 7ÁÔÅÒ $ÅÖÅÌÏÐÍÅÎÔȢ 'ÏÖÅÒÎÍÅÎÔ ÏÆ 

-ÁÌÁ×ÉȟȠ 

https://doi.org/10.2499/p15738coll2.133807


 

ρωχ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

,ÙÏÎÓȟ 2Ȣ 0Ȣȟ +ÒÏÌÌȟ #Ȣ .Ȣȟ Ǫ 3ÃÈÏÌÚȟ #Ȣ !Ȣ ςπρρȢ !Î ÅÎÅÒÇÙȤÂÁÌÁÎÃÅ ÈÙÄÒÏÌÏÇÉÃ ÍÏÄÅÌ ÆÏÒ ÔÈÅ ,ÁËÅ -ÁÌÁ×É 2ÉÆÔ 

"ÁÓÉÎȟ %ÁÓÔ !ÆÒÉÃÁȢ 'ÌÏÂÁÌ ÁÎÄ 0ÌÁÎÅÔÁÒÙ #ÈÁÎÇÅȟ χυɉρɀςɊȟ ψσɀωχȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÇÌÏÐÌÁÃÈÁȢςπρπȢρπȢπρπ 

-ÁÏÕÌÉÄÉȟ -Ȣ ςπρςȢ 7ÁÔÅÒ ÁÎÄ ÓÁÎÉÔÁÔÉÏÎ ÎÅÅÄÓ ÁÓÓÅÓÓÍÅÎÔ ÆÏÒ "ÌÁÎÔÙÒÅ #ÉÔÙȟ -ÁÌÁ×ÉȠ -#) ÓÏÃÉÁÌ ÓÅÃÔÏÒ 

×ÏÒËÉÎÇ ÐÁÐÅÒ ÓÅÒÉÅÓȠ -ÉÌÌÅÎÎÉÕÍ #ÉÔÉÅÓ )ÎÉÔÉÁÔÉÖÅȟ %ÁÒÔÈ )ÎÓÔÉÔÕÔÅȟ #ÏÌÕÍÂÉÁ 5ÎÉÖÅÒÓÉÔÙȢ 

-ÁÐÅÍÂÁȟ ,Ȣȟ #ÈÁÄÚÁȟ 7Ȣȟ -ÕÙÁÎÇÁȟ -Ȣ ςπςπȢ 5ÎÌÏÃËÉÎÇ )ÍÐÌÅÍÅÎÔÁÔÉÏÎ #ÈÁÌÌÅÎÇÅÓȡ ,ÅÓÓÏÎÓ ÆÒÏÍ ÔÈÅ 

!ÇÒÉÃÕÌÔÕÒÅ 3ÅÃÔÏÒȢ -×!0!4! )ÎÓÔÉÔÕÔÅ 7ÏÒËÉÎÇ 0ÁÐÅÒ .ÏȢ ςπȾπτȢ !ÕÇÕÓÔ ςπςπȢ 0Ȣ/Ȣ "ÏØ σπψψσ #ÁÐÉÔÁÌ 

#ÉÔÙȟ ,ÉÌÏÎÇ×Å -ÁÌÁ×É #ÈÉÌÁÎÇÁ $ÒÉÖÅȟ /ÆÆ "ÌÁÎÔÙÒÅ 3ÔÒÅÅÔȟ !ÒÅÁ ρπȾττ 

-ÅÇÄÁÌȟ 3Ȣ "Ȣȟ %ÄÅÎȟ 3Ȣȟ Ǫ 3ÈÁÍÉÒȟ %Ȣ ςπρχȢ 7ÁÔÅÒ ÇÏÖÅÒÎÁÎÃÅȟ ÓÔÁËÅÈÏÌÄÅÒ ÅÎÇÁÇÅÍÅÎÔȟ ÁÎÄ ÓÕÓÔÁÉÎÁÂÌÅ 

×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÍÁÎÁÇÅÍÅÎÔȢ )Î 7ÁÔÅÒ ɉ3×ÉÔÚÅÒÌÁÎÄɊ ɉ6ÏÌȢ ωȟ )ÓÓÕÅ σɊȢ -$0) !'Ȣ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾ×ωπσπρωπ 

-ËÏÎÄÉ×Áȟ -ȢȠ *ÕÍÂÅȟ #Ȣ"Ȣ,ȢȠ 7ÉÙÏȟ +Ȣ!Ȣ ςπρσȢ 0ÏÖÅÒÔÙɀ,ÁÃË ÏÆ !ÃÃÅÓÓ ÔÏ !ÄÅÑÕÁÔÅ 3ÁÆÅ 7ÁÔÅÒ .ÅØÕÓȡ 

%ÖÉÄÅÎÃÅ ÆÒÏÍ 2ÕÒÁÌ -ÁÌÁ×ÉȢ !ÆÒÉÃÁÎ $ÅÖÅÌÏÐÍÅÎÔ 2ÅÖÉÅ×ȟ ςυȟ υσχɀυυπȟ ÄÏÉȡρπȢρρρρȾρτφχȤψςφψȢρςπτψȢ 

-ÌÅÔÁ ȟ 0Ȣ ςπρπȢ !Î ÁÎÁÌÙÓÉÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÉÎ -ÃÈÉÎÊÉ ÄÉÓÔÒÉÃÔ ÏÆ ÃÅÎÔÒÁÌ -ÁÌÁ×ÉȢ 5ÎÉÖÅÒÓÉÔÙ ÏÆ &ÏÒÔ (ÁÒÅȢ 

.ÏÖÅÍÂÅÒ ςπρπȢ 

,ÁÎÇÅÖÉÎȟ #Ȣ$Ȣȟ (ÕÇÈÅÓȟ *Ȣ$Ȣȟ "ÁÎÔÁȟ %Ȣ2Ȣȟ 0ÒÏÖÏÓÔȟ !Ȣ-Ȣȟ .ÉÓ×ÏÎÇÅÒȟ 2Ȣ'Ȣȟ ÁÎÄ 0ÁÎÄÁÙȟ 3ÏÒÁÂȟ ςπρχȟ 

-/$&,/7 φ -ÏÄÕÌÁÒ (ÙÄÒÏÌÏÇÉÃ -ÏÄÅÌȡ 5Ȣ3Ȣ 'ÅÏÌÏÇÉÃÁÌ 3ÕÒÖÅÙ 3ÏÆÔ×ÁÒÅȟ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢυπφφȾ&χφ1ρ616 

.ÁÔÉÏÎÁÌ 0ÌÁÎÎÉÎÇ #ÏÍÍÉÓÓÉÏÎ ɉ.0#ɊȢ ςπςρȢ -ÁÌÁ×É ςπφσȡ -ÁÌÁ×ÉȭÓ 6ÉÓÉÏÎ !Î )ÎÃÌÕÓÉÖÅÌÙ 7ÅÁÌÔÈÙ ÁÎÄ 

3ÅÌÆȤ2ÅÌÉÁÎÔ .ÁÔÉÏÎȢ .ÁÔÉÏÎÁÌ 0ÌÁÎÎÉÎÇ #ÏÍÍÉÓÓÉÏÎ ɉ.0#Ɋȟ 'ÏÖÅÒÎÍÅÎÔ ÏÆ -ÁÌÁ×Éȡ ,ÉÌÏÎÇ×Åȟ -ÁÌÁ×É  

.ÅÕÌÁÎÄȟ (Ȣȟ ρωψτȢ !ÂÎÏÒÍÁÌ ÈÉÇÈ ×ÁÔÅÒ ÌÅÖÅÌÓ ÏÆ ,ÁËÅ -ÁÌÁ×Éȩ ɂ !Î ÁÔÔÅÍÐÔ ÔÏ ÁÓÓÅÓÓ ÔÈÅ ÆÕÔÕÒÅ 

ÂÅÈÁÖÉÏÕÒ ÏÆ ÔÈÅ ÌÁËÅ ×ÁÔÅÒ ÌÅÖÅÌÓ 'ÅÏ*ÏÕÒÎÁÌ ωɉτɊȡ σςσ Ȥ σστȢ 

.ÈÁÍÏȟ ,Ȣȟ -ÁÂÈÁÕÄÈÉȟ 4Ȣȟ Ǫ -ÁÇÏÍÂÅÙÉȟ -Ȣ ςπρφȢ )ÍÐÒÏÖÉÎÇ ×ÁÔÅÒ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÁÎÄ ÆÏÏÄ ÓÅÃÕÒÉÔÙ 

ÔÈÒÏÕÇÈ ÉÎÃÒÅÁÓÅÄ ÃÒÏÐ ×ÁÔÅÒ ÐÒÏÄÕÃÔÉÖÉÔÙ ÉÎ -ÁÌÁ×ÉȢ 7ÁÔÅÒ ɉ3×ÉÔÚÅÒÌÁÎÄɊȟ ψɉωɊȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾ×ψπωπτρρ 

2ÅÉÃÈÌÅȟ 2Ȣ(Ȣȟ 'Ȣ $Å ,ÁÎÎÏÙȟ 2Ȣ$Ȣ +ÏÓÔÅÒȟ 7Ȣ4Ȣ #ÒÏ×ȟ *Ȣ3Ȣ +ÉÍÂÁÌÌȟ 1Ȣ ,ÉÕȟ ÁÎÄ -Ȣ "ÅÃÈÔÏÌÄȢ ςπςςȢ 3-!0 ,τ 

'ÌÏÂÁÌ σȤÈÏÕÒÌÙ ω ËÍ %!3%Ȥ'ÒÉÄ 3ÕÒÆÁÃÅ ÁÎÄ 2ÏÏÔ :ÏÎÅ 3ÏÉÌ -ÏÉÓÔÕÒÅ !ÎÁÌÙÓÉÓ 5ÐÄÁÔÅȟ 6ÅÒÓÉÏÎ χȢ ɍ)ÎÄÉÃÁÔÅ 

ÓÕÂÓÅÔ ÕÓÅÄɎȢ "ÏÕÌÄÅÒȟ #ÏÌÏÒÁÄÏ 53!Ȣ .!3! .ÁÔÉÏÎÁÌ 3ÎÏ× ÁÎÄ )ÃÅ $ÁÔÁ #ÅÎÔÅÒ $ÉÓÔÒÉÂÕÔÅÄ !ÃÔÉÖÅ !ÒÃÈÉÖÅ 

#ÅÎÔÅÒȢ ÄÏÉȡρπȢυπφχȾ,7*φ4&υ3:2'σ 

2ÅÉÎÅÃËÅȟ 2Ȣȟ 7ÁÃÈÈÏÌÚȟ !Ȣȟ -ÅÈÌȟ 3Ȣȟ &ÏÇÌÉÁȟ ,Ȣȟ .ÉÅÍÁÎÎȟ #Ȣȟ Ǫ $ÏȃÌÌȟ 0Ȣ ςπςπȢ )ÍÐÏÒÔÁÎÃÅ ÏÆ 3ÐÁÔÉÁÌ 

2ÅÓÏÌÕÔÉÏÎ ÉÎ 'ÌÏÂÁÌ 'ÒÏÕÎÄ×ÁÔÅÒ -ÏÄÅÌÉÎÇȢ 'ÒÏÕÎÄ×ÁÔÅÒȟ υψɉσɊȟ σφσɀσχφȢ 

ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÇ×ÁÔȢρςωωφ 

2ÏÄÅÌÌȟ -Ȣȟ 0Ȣ2Ȣ (ÏÕÓÅÒȟ 5Ȣ *ÁÍÂÏÒȟ *Ȣ 'ÏÔÔÓÃÈÁÌÃËȟ +Ȣ -ÉÔÃÈÅÌÌȟ #ȢȤ*Ȣ -ÅÎÇȟ +Ȣ !ÒÓÅÎÁÕÌÔȟ "Ȣ #ÏÓÇÒÏÖÅȟ *Ȣ 

2ÁÄÁËÏÖÉÃÈȟ -Ȣ "ÏÓÉÌÏÖÉÃÈȟ *Ȣ+Ȣ %ÎÔÉÎȟ *Ȣ0Ȣ 7ÁÌËÅÒȟ $Ȣ ,ÏÈÍÁÎÎȟ ÁÎÄ $Ȣ 4ÏÌÌȢ ςππτȢ 4ÈÅ 'ÌÏÂÁÌ ,ÁÎÄ $ÁÔÁ 

!ÓÓÉÍÉÌÁÔÉÏÎ 3ÙÓÔÅÍȟ "ÕÌÌȢ !ÍÅÒȢ -ÅÔÅÏÒȢ 3ÏÃȢ ψυɉσɊȟ σψρȤσωτȟ  

2ÕÎÎÉÎÇȟ 3Ȣȟ -Õȟ 1Ȣ ςπρυȢ -/$ρφ!ς -/$)3Ⱦ4ÅÒÒÁ %ÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ψȤÄÁÙ ,τ 'ÌÏÂÁÌ υππÍ 3). 'ÒÉÄȢ 

.!3! ,0 $!!#Ȣ ÈÔÔÐȡȾȾÄÏÉȢÏÒÇȾρπȢυπφχȾ-/$)3Ⱦ-/$ρφ!ςȢππφ 

3ÅÈÁÔÚÁÄÅÈȟ -Ȣ ςπρρȢ 'ÒÏÕÎÄ×ÁÔÅÒ -ÏÄÅÌÌÉÎÇ ÉÎ ÔÈÅ #ÈÉË×Á×Á $ÉÓÔÒÉÃÔȟ ,Ï×ÅÒ 3ÈÉÒÅ ÏÆ 3ÏÕÔÈÅÒÎ -ÁÌÁ×ÉȢ 

-ÁÓÔÅÒ 4ÈÅÓÉÓ ÉÎ ÇÅÏÓÃÉÅÎÃÅȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ /ÓÌÏȡ $ÅÐÁÒÔÍÅÎÔ ÏÆ 'ÅÏÓÃÉÅÎÃÅÓ &ÁÃÕÌÔÙ ÏÆ -ÁÔÈÅÍÁÔÉÃÓ ÁÎÄ 

.ÁÔÕÒÁÌ 3ÃÉÅÎÃÅÓȢ 

3ÅÈÁÔÚÁÄÅÈȟ -Ȣȟ 3ÁÅÌÔÈÕÎȟ .Ȣ 2Ȣȟ Ǫ 2ÏÔÉȟ *Ȣ !Ȣ ςπρχȢ ! 3ÔÏÃÈÁÓÔÉÃ (ÙÄÒÏÌÏÇÉÃÁÌ -ÏÄÅÌ ÆÏÒ 2ÅÇÕÌÁÔÉÏÎ ÏÆ ,ÁËÅ 

-ÁÌÁ×ÉȤ3ÈÉÒÅ 2ÉÖÅÒ ÓÙÓÔÅÍȢ 0ÒÅÓÅÎÔÅÄ ÁÔ !&2)#! ςπρχ (ÙÄÒÏÐÏ×ÅÒ #ÏÎÆÅÒÅÎÃÅȟ -ÁÒÃÈ ςπρχȟ -ÁÒÒÁËÅÓÈȟ 

-ÏÒÏÃÃÏȢ !Ò8ÉÖȢ ȾÁÂÓȾςππτȢππχρπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢτψυυπȾÁÒ8ÉÖȢςππτȢππχρπ 

3ÈÅÌÁȟ /Ȣ.Ȣȟ ςπππȟ .ÏÖÅÍÂÅÒȢ .ÁÔÕÒÁÌÉÓÁÔÉÏÎ ÏÆ ,ÁËÅ -ÁÌÁ×É ÌÅÖÅÌÓ ÁÎÄ ÓÈÉÒÅ ÒÉÖÅÒ ПÌÏ×ÓȢ )Î ρÓÔ 

7!2&3!Ⱦ7ÁÔÅÒ.ÅÔ 3ÙÍÐÏÓÉÕÍȡ 3ÕÓÔÁÉÎÁÂÌÅ 5ÓÅ ÏÆ 7ÁÔÅÒ 2ÅÓÏÕÒÃÅÓȢ -ÁÐÕÔÏ ɉ6ÏÌȢ ρςɊȢ 

https://doi.org/10.5066/F76Q1VQV


 

ρωψ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

3ÔÒÅÅПËÅÒËȟ )Ȣ .Ȣȟ ÖÁÎ ÄÅÎ (ÏÍÂÅÒÇȟ -Ȣ *Ȣ #Ȣȟ 7ÈÉÔПÉÅÌÄȟ 3Ȣȟ -ÉÔÔÁÌȟ .Ȣȟ 0ÏÐÅȟ %Ȣȟ 7ÅÒÎÅÒȟ -Ȣȟ 7ÉÎÓÅÍÉÕÓȟ (Ȣ #Ȣȟ 

#ÏÍÅÓȟ 4Ȣȟ Ǫ %ÒÔÓÅÎȟ -Ȣ 7Ȣ ςπςςȢ #ÏÎÔÅØÔÕÁÌÉÓÉÎÇ ÓÅÁÓÏÎÁÌ ÃÌÉÍÁÔÅ ÆÏÒÅÃÁÓÔÓ ÂÙ ÉÎÔÅÇÒÁÔÉÎÇ ÌÏÃÁÌ ËÎÏ×ÌÅÄÇÅ 

ÏÎ ÄÒÏÕÇÈÔ ÉÎ -ÁÌÁ×ÉȢ #ÌÉÍÁÔÅ 3ÅÒÖÉÃÅÓȟ ςυȟ ρππςφψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÃÌÉÓÅÒȢςπςρȢρππςφψ 

3×ÅÎÓÏÎȟ 3Ȣ #Ȣ ÁÎÄ *Ȣ 7ÁÈÒȟ ςππφȢ 0ÏÓÔȤÐÒÏÃÅÓÓÉÎÇ ÒÅÍÏÖÁÌ ÏÆ ÃÏÒÒÅÌÁÔÅÄ ÅÒÒÏÒÓ ÉÎ '2!#% ÄÁÔÁȟ 'ÅÏÐÈÙÓȢ 

2ÅÓȢ ,ÅÔÔȢȟ σσȟ ,πψτπςȟ ÄÏÉȡρπȢρπςωȾςππυ',πςυςψυȢ 

3×ÅÎÓÏÎȟ 3Ȣ#ȢȢ ςπρςȢ '2!#% ÍÏÎÔÈÌÙ ÌÁÎÄ ×ÁÔÅÒ ÍÁÓÓ ÇÒÉÄÓ .%4#$& 2%,%!3% υȢπȢ 6ÅÒȢ υȢπȢ 0/Ȣ$!!#ȟ #!ȟ 

53!Ȣ $ÁÔÁÓÅÔ ÁÃÃÅÓÓÅÄ ɍςπςσȤπωȤςωɎ ÁÔ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢυπφχȾ4%,.$Ȥ.#ππυȢ 

4ÁÎÇÄÁÍÒÏÎÇÓÕÂȟ .Ȣȟ 3ÔÅÅÌÅȤ$ÕÎÎÅȟ 3Ȣ #Ȣȟ 'ÕÎÔÅÒȟ "Ȣ #Ȣȟ $ÉÔÍÁÒȟ 0Ȣ 'Ȣȟ ÁÎÄ 7ÅÅÒÔÓȟ !Ȣ (Ȣ ςπρυȢ $ÁÔÁ 

ÁÓÓÉÍÉÌÁÔÉÏÎ ÏÆ '2!#% ÔÅÒÒÅÓÔÒÉÁÌ ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÅÓÔÉÍÁÔÅÓ ÉÎÔÏ Á ÒÅÇÉÏÎÁÌ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌ ÏÆ ÔÈÅ 2ÈÉÎÅ 

2ÉÖÅÒ ÂÁÓÉÎȟ (ÙÄÒÏÌȢ %ÁÒÔÈ 3ÙÓÔȢ 3ÃÉȢȟ ρωȟ ςπχωɀςρππȟ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢυρωτȾÈÅÓÓȤρωȤςπχωȤςπρυȟȢ 

6ÉÌÌÁÍÏÒȟ 'Ȣ "Ȣȟ 'ÒÉÆПÉÔÈȟ $Ȣ ,Ȣȟ +ÌÉÓËÅÙȟ !Ȣȟ Ǫ !ÌÅÓÓÁȟ ,Ȣ ςπρωȢ #ÏÎÔÒÁÓÔÉÎÇ ÓÔÁËÅÈÏÌÄÅÒ ÁÎÄ ÓÃÉÅÎÔÉÓÔ 

ÃÏÎÃÅÐÔÕÁÌ ÍÏÄÅÌÓ ÏÆ ÆÏÏÄȤÅÎÅÒÇÙȤ×ÁÔÅÒ ÓÙÓÔÅÍÓȡ Á ÃÁÓÅ ÓÔÕÄÙ ÉÎ -ÁÇÉÃ 6ÁÌÌÅÙȟ 3ÏÕÔÈÅÒÎ )ÄÁÈÏȢ 3ÏÃÉÏȤ

%ÎÖÉÒÏÎÍÅÎÔÁÌ 3ÙÓÔÅÍÓ -ÏÄÅÌÌÉÎÇȟ ςȟ ρφσρςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρψρχτȾÓÅÓÍÏȢςπςπÁρφσρς 

ÖÏÎ ÄÅÒ (ÅÙÄÅÎȟ #Ȣ*Ȣ ςππσȢ .Å×ȟ -Ȣ'Ȣ 4ÈÅ 2ÏÌÅ ÏÆ Á $ÁÍÂÏ ÉÎ ÔÈÅ (ÙÄÒÏÌÏÇÙ ÏÆ Á #ÁÔÃÈÍÅÎÔ ÁÎÄ ÔÈÅ 2ÉÖÅÒ 

.ÅÔ×ÏÒË $Ï×ÎÓÔÒÅÁÍȢ (ÙÄÒÏÌÏÇÙ ÁÎÄ %ÁÒÔÈ 3ÙÓÔÅÍ 3ÃÉÅÎÃÅÓȟ χȟ σσωɀσυχȟ ÄÏÉȡρπȢυρωτȾÈÅÓÓȤχȤσσωȤςππσȢ 

7ÉÙÏȟ +ȢȠ -ÔÅÔÈÉ×Áȟ *Ȣ ςπρψȢ ! ÒÅÖÉÅ× ÏÆ ÉÒÒÉÇÁÔÉÏÎ ÄÅÖÅÌÏÐÍÅÎÔ ÉÎ -ÁÌÁ×Éȡ ÏÐÐÏÒÔÕÎÉÔÉÅÓȟ ÁÐÐÒÏÁÃÈÅÓ ÁÎÄ 

ÃÈÁÌÌÅÎÇÅÓȢ *ÏÕÒÎÁÌ ÏÆ 0ÕÂÌÉÃ !ÄÍÉÎÉÓÔÒÁÔÉÏÎ ÁÎÄ $ÅÖÅÌÏÐÍÅÎÔ !ÌÔÅÒÎÁÔÉÖÅÓȟ σȢ 

:ÈÁÎÇȟ 9Ȣȟ +ÏÎÇȟ $Ȣȟ 'ÁÎȟ 2Ȣȟ #ÈÉÅ×ȟ &Ȣ(Ȣ3Ȣȟ -Ã6ÉÃÁÒȟ 4Ȣ2Ȣȟ :ÈÁÎÇȟ 1Ȣȟ ÁÎÄ 9ÁÎÇȟ 9Ȣȟ ςπρωȢ #ÏÕÐÌÅÄ ÅÓÔÉÍÁÔÉÏÎ ÏÆ 

υππÍ ÁÎÄ ψȤÄÁÙ ÒÅÓÏÌÕÔÉÏÎ ÇÌÏÂÁÌ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÁÎÄ ÇÒÏÓÓ ÐÒÉÍÁÒÙ ÐÒÏÄÕÃÔÉÏÎ ÉÎ ςππςȤςπρχȢ 

2ÅÍÏÔÅ 3ÅÎÓȢ %ÎÖÉÒÏÎȢ ςςςȟ ρφυȤρψςȟ ÄÏÉȡρπȢρπρφȾÊȢÒÓÅȢςπρψȢρςȢπσρ 

:ÈÁÎÇȟ 9Ȣȟ 0ÅÎǿÁȤ!ÒÁÎÃÉÂÉÁȟ *Ȣ,Ȣȟ -Ã6ÉÃÁÒȟ 4Ȣ2Ȣȟ #ÈÉÅ×ȟ &Ȣ(Ȣ3Ȣȟ 6ÁÚÅȟ *Ȣȟ ,ÉÕȟ #Ȣȟ ,Õȟ 8Ȣȟ :ÈÅÎÇȟ (Ȣȟ 7ÁÎÇȟ 9Ȣȟ ,ÉÕȟ 9Ȣ9Ȣȟ 

-ÉÒÁÌÌÅÓȟ $Ȣ'Ȣȟ 0ÁÎȟ -Ȣȟ ςπρφȢ -ÕÌÔÉȤÄÅÃÁÄÁÌ ÔÒÅÎÄÓ ÉÎ ÇÌÏÂÁÌ ÔÅÒÒÅÓÔÒÉÁÌ ÅÖÁÐÏÔÒÁÎÓÐÉÒÁÔÉÏÎ ÁÎÄ ÉÔÓ 

ÃÏÍÐÏÎÅÎÔÓȢ 3ÃÉȢ 2ÅÐȢ φȟ ρωρςτȢ ÄÏÉȡρπȢρπσψȾÓÒÅÐρωρςτ 

 

  



 

ρωω 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

τȢσȢρ 0ÏÓÔÆÁÃÅ 

4ÈÉÓ ×ÏÒË ÇÅÎÅÒÁÔÅÄ ÔÈÅ ПÉÒÓÔ ÓÙÓÔÅÍ ÍÏÄÅÌÌÅÄ ÅÓÔÉÍÁÔÅÓ ÏÆ -ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ 

ÔÈÅÒÅÂÙ ÐÒÏÖÉÄÉÎÇ ÅÓÓÅÎÔÉÁÌ ÉÎÆÏÒÍÁÔÉÏÎ ÔÏ ÇÕÉÄÅ ×ÁÔÅÒ ÐÏÌÉÃÙ ÄÅÃÉÓÉÏÎÓȢ  $ÅÖÅÌÏÐÉÎÇ Á ×ÁÔÅÒ 

ÍÏÄÅÌ ÔÈÁÔ ÁÃÃÏÕÎÔÓ ÆÏÒ ÇÒÏÕÎÄ×ÁÔÅÒ ÄÙÎÁ-)#3 ÔÈÒÏÕÇÈ ÃÏÕÐÌÉÎÇ Á ÇÌÏÂÁÌ ×ÁÔÅÒ ÍÏÄÅÌ 

ɉ#7ÁÔ-Ɋ ×ÉÔÈ -/$&,/7 ÇÅÎÅÒÁÔÅÄ ÉÍÐÒÏÖÅÄ ÍÏÄÅÌÌÉÎÇ ÃÏÍÐÁÒÅÄ ÔÏ ÐÒÅÖÉÏÕÓ ÍÏÄÅÌÓ ÏÆ ×ÁÔÅÒ 

ÒÅÓÏÕÒÃÅÓ ×ÈÅÒÅ ÐÒÅÖÉÏÕÓ ÍÏÄÅÌÓ ÅÉÔÈÅÒ ÆÁÉÌ ÔÏ ÁÃÃÏÕÎÔ ÆÏÒ ÇÒÏÕÎÄ×ÁÔÅÒ ÄÙÎÁ-)#3 ÏÒ ÁÐÐÌÙ ÏÎÌÙ 

Á ×ÁÔÅÒ ÂÁÌÁÎÃÅ ÁÐÐÒÏÁÃÈ ɉ"ÈÁÖÅ ÅÔ ÁÌȢȟ ςπρωȠ #ÁÌÄÅÒ ÅÔ ÁÌȢȟ ρωωυȠ $ÒÁÙÔÏÎ ÅÔ ÁÌȢȟ ρωψτȠ .ÅÕÌÁÎÄ 

ÅÔ ÁÌȢȟ ρωψτȠ +ÕÍÁÍÂÁÌÁ ÅÔ ÁÌȢȟ ςπρπȠ 3ÈÅÌÁ ÅÔ ÁÌȢȟ ςπππȠ ,ÙÏÎÓ ÅÔ ÁÌȢȟ ςπρρɊȢ 0ÒÏÖÉÄÉÎÇ ÍÏÄÅÌ 

ÍÏÄÉПÉÃÁÔÉÏÎÓ ÔÏ ÒÅПÌÅÃÔ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ -ÁÌÁ×É ÒÅÓÕÌÔÅÄ ÉÎ ÉÍÐÒÏÖÅÄ ÍÏÄÅÌ ÐÅÒÆÏÒÍÁÎÃÅ ÁÎÄ Á 

ÍÏÒÅ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÍÏÄÅÌ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÔÈÁÎ ÐÒÅÖÉÏÕÓÌÙ ÁÖÁÉÌÁÂÌÅȢ )Î ÁÄÄÉÔÉÏÎȟ 

ÔÈÒÏÕÇÈ ÍÏÄÅÌÉÎÇ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÏÖÅÒ ÔÉÍÅȟ Á ÎÁÔÉÏÎÁÌ ÄÅÃÌÉÎÅ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ 

×ÁÓ ÅÖÉÄÅÎÃÅÄ ÁÎÄ ÑÕÁÎÔÉПÉÅÄ ÆÏÒ ÔÈÅ ПÉÒÓÔ ÔÉÍÅȢ 4ÈÅ ÄÅÃÌÉÎÅ ÉÎ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÓÕÐÐÏÒÔÓ 

ÁÎÅÃÄÏÔÁÌ ÅÖÉÄÅÎÃÅ ÏÆ ÌÏÃÁÌ ÇÒÏÕÎÄ×ÁÔÅÒ ÔÁÂÌÅ ÄÅÃÌÉÎÅÓ ÁÎÄ ÓÔÏÒÉÅÓ ÏÆ ÂÏÒÅÈÏÌÅÓ ÒÕÎÎÉÎÇ ÄÒÙ ÄÕÅ 

ÔÏ ÄÅÐÌÅÔÉÎÇ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ɉÐÅÒÓÏÎÁÌ ÃÏÒÒÅÓÐÏÎÄÅÎÃÅɊȢ  4ÈÉÓ ×ÏÒË ÁÄÄÅÄ ÇÒÅÁÔÅÒ ÅÍÐÈÁÓÉÓ ÔÏ 

ÔÈÅ ÃÒÉÔÉÃÁÌÉÔÙ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÁÎÄ ÉÔÓ ÐÒÏÔÅÃÔÉÏÎ ÆÏÒ -ÁÌÁ×ÉȭÓ ÆÕÔÕÒÅ ×ÁÔÅÒ 

ÓÅÃÕÒÉÔÙȢ 

4ÈÉÓ ÐÁÐÅÒ ÄÉÒÅÃÔÌÙ ÒÅÓÐÏÎÄÅÄ ÔÏ 21ρ ÔÈÒÏÕÇÈ ÁÃÈÉÅÖÉÎÇ 3/ς ÁÎÄ ÄÅÖÅÌÏÐÉÎÇ Á ÍÏÄÅÌ ÏÆ 

ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ÉÎ ÔÈÅ ,-32"Ȣ 4ÈÉÓ ×ÁÓ ÕÓÅÄ ÔÏ ÁÃÈÉÅÖÅ 3/σ ÁÎÄ ÅØÐÌÏÒÅ ÈÏ× ÇÒÏÕÎÄ×ÁÔÅÒ 

ÁÖÁÉÌÁÂÉÌÉÔÙ ÈÁÓ ÃÈÁÎÇÅÄ ÏÖÅÒ ÒÅÃÅÎÔ ÙÅÁÒÓȟ ÉÄÅÎÔÉÆÙÉÎÇ ÔÈÅ ÇÒÏ×ÉÎÇ ÃÈÁÌÌÅÎÇÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÄÅÐÌÅÔÉÏÎ ÔÏ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙȢ 4ÈÉÓ ÐÉÅÃÅ ÁÌÓÏ ÉÄÅÎÔÉПÉÅÄ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ 

ÄÅÐÌÅÔÉÏÎ ÔÏ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÉÎ -ÁÌÁ×ÉȢ 

 

  



 

ςππ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

τȢτ #ÏÎÃÌÕÓÉÏÎ ÔÏ ÔÈÉÓ ÃÈÁÐÔÅÒ 

 

4ÈÉÓ ÃÈÁÐÔÅÒ ÁÄÄÒÅÓÓÅÄ 21ρ Ȭ7ÈÁÔ ÁÒÅ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÉÎ -ÁÌÁ×Éȩȭ ! ÍÅÔÈÏÄÏÌÏÇÙ 

ÔÏ ÅØÐÌÏÒÅ ÔÈÅ ÉÍÐÌÉÃÁÔÉÏÎÓ ÏÆ ÇÒÏÕÎÄ×ÁÔÅÒ ÆÏÒ ÓÕÒÆÁÃÅ ×ÁÔÅÒ ÉÎ -ÁÌÁ×É ×ÁÓ ÐÒÅÓÅÎÔÅÄ ÔÈÒÏÕÇÈ 

ÉÎÖÅÓÔÉÇÁÔÉÎÇ ÈÏ× ,ÁËÅ -ÁÌÁ×ÉȭÓ ÓÔÏÒÁÇÅ ÉÓ ÉÍÐÁÃÔÅÄ ÂÙ ÇÒÏÕÎÄ×ÁÔÅÒ ɉ3/ρɊȢ ,ÁËÅ -ÁÌÁ×É ×ÁÓ 

ÓÈÏ×Î ÔÏ ÂÅ ÉÍÐÁÃÔÅÄ ÂÙ ÇÒÏÕÎÄ×ÁÔÅÒ ÃÈÁÎÇÅȟ ÅÍÐÈÁÓÉÓÉÎÇ ÈÏ× ÁÎÙ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ ×ÁÔÅÒ 

ÓÅÃÕÒÉÔÙ ÉÎ -ÁÌÁ×É ÍÕÓÔ ÁÃÃÏÕÎÔ ÆÏÒ ÇÒÏÕÎÄ×ÁÔÅÒȢ )ÎÆÏÒÍÁÔÉÏÎ ÓÕÒÒÏÕÎÄÉÎÇ ÃÈÁÌÌÅÎÇÅÓ ÔÏ 

-ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒȟ ÁÎÄ ÁÎ ÉÎÖÅÓÔÉÇÁÔÉÏÎ ÏÆ ÓÃÁÒÃÉÔÙȟ ×ÁÓ ÄÅÖÅÌÏÐÅÄ ÔÈÒÏÕÇÈ ÔÈÅ ÇÅÎÅÒÁÔÉÏÎ 

ÏÆ Á ÈÏÌÉÓÔÉÃȟ ÓÔÁËÅÈÏÌÄÅÒ ÉÎÆÏÒÍÅÄ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌ ÆÏÒ -ÁÌÁ×É ɉ3/ςɊȢ 4ÈÅ ÍÏÄÅÌ ÐÒÏÖÉÄÅÄ 

ÎÏÔ ÏÎÌÙ ÁÎ ÉÍÐÒÏÖÅÄ ÁÎÄ ÎÏÖÅÌ ÉÎÖÅÓÔÉÇÁÔÉÏÎ ÏÆ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÂÕÔ ÁÌÓÏ ÐÒÏÖÉÄÅÄ 

ÉÎÓÉÇÈÔ ÉÎÔÏ ÈÙÄÒÏÌÏÇÉÃÁÌ ÍÏÄÅÌÌÉÎÇ ÉÎ ÏÔÈÅÒ ÓÕÂȤ3ÁÈÁÒÁÎ !ÆÒÉÃÁÎ ÂÁÓÉÎÓȢ 4ÈÒÏÕÇÈ ÍÏÄÅÌÌÉÎÇ 

-ÁÌÁ×ÉȭÓ ÇÒÏÕÎÄ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ Á ÔÒÅÎÄ ÏÆ ÄÅÃÌÉÎÉÎÇ ÎÁÔÉÏÎÁÌ ÇÒÏÕÎÄ×ÁÔÅÒ ÓÔÏÒÁÇÅ ×ÁÓ 

ÅÖÉÄÅÎÃÅÄ ÆÏÒ ÔÈÅ ПÉÒÓÔ ÔÉÍÅȟ ÒÁÉÓÉÎÇ ÃÏÎÃÅÒÎÓ ÆÏÒ ÆÕÔÕÒÅ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ɉ3/σɊȢ 

4ÈÅÓÅ ÒÅÓÕÌÔÓ ÐÒÅÓÅÎÔ Á ÇÒÁÖÅ ÃÏÎÃÅÒÎ ÆÏÒ -ÁÌÁ×ÉȭÓ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÃÈÁÌÌÅÎÇÅȢ !ÓÓÕÍÉÎÇ Á 

ÃÏÎÓÔÁÎÔ ÌÅÖÅÌ ÏÆ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȟ -ÁÌÁ×É ÈÁÓ ÁÌÒÅÁÄÙ ÂÅÅÎ ÒÁÐÉÄÌÙ ÐÌÕÍÍÅÔÉÎÇ ÔÏ×ÁÒÄÓ 

ÁÂÓÏÌÕÔÅ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȟ &ÉÇÕÒÅ ρπȢ 9ÅÔ ÔÈÅ ÒÅÓÅÁÒÃÈ ÐÒÅÓÅÎÔÅÄ ÉÎ ÔÈÉÓ ÃÈÁÐÔÅÒ ÐÒÅÓÅÎÔÅÄ Á 

ÐÅÒÈÁÐÓ ÅÖÅÎ ÍÏÒÅ ×ÏÒÒÙÉÎÇ ÐÒÏÊÅÃÔÉÏÎ ÏÆ ÆÁÌÌÉÎÇ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓȢ 4ÈÅ ÃÏÍÂÉÎÁÔÏÒÉÁÌ 

ÃÈÁÌÌÅÎÇÅÓ ÏÆ ÄÅÃÌÉÎÉÎÇ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ ÁÎÄ ÇÒÏ×ÉÎÇ ÄÅÍÁÎÄ ÐÒÅÓÅÎÔ Á ÐÏÔÅÎÔÉÁÌ ÃÒÉÓÉÓ ÏÆ ×ÁÔÅÒ 

ÓÃÁÒÃÉÔÙ ÒÁÉÓÉÎÇ ÃÏÎÃÅÒÎÓ ÔÈÁÔ -ÁÌÁ×É ÍÁÙ ÒÅÁÃÈ ÁÂÓÏÌÕÔÅ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÅÖÅÎ ÓÏÏÎÅÒ ÔÈÁÎ 

ÏÒÉÇÉÎÁÌÌÙ ÔÈÏÕÇÈÔȢ  

(Ï×ÅÖÅÒȟ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÍÕÓÔ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÁÌÏÎÇÓÉÄÅ ÏÔÈÅÒ ÃÈÁÌÌÅÎÇÅÓ ÉÎ ÓÅÃÕÒÉÎÇ ȬÃÌÅÁÎ ×ÁÔÅÒ 

ÆÏÒ ÁÌÌȭ ÁÎÄ ÁÃÈÉÅÖÉÎÇ 3$'φȟ ÎÏÔÁÂÌÙ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÍÕÓÔ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÁÌÏÎÇÓÉÄÅ ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ 

ÔÏ ÅÎÓÕÒÅ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȢ  

4ÈÅ ÎÅØÔ ÃÈÁÐÔÅÒ ÃÏÎÓÉÄÅÒÓ ÃÈÁÌÌÅÎÇÅÓ ÔÏ ×ÁÔÅÒ ÐÒÏÖÉÓÉÏÎ ÉÎ -ÁÌÁ×É ÆÒÏÍ ×ÁÔÅÒ ÑÕÁÌÉÔÙ ÁÓ ÐÁÒÔ 

ÏÆ ÅÎÓÕÒÉÎÇ ȬÃÌÅÁÎ ×ÁÔÅÒ ÁÃÃÅÓÓȭ ×ÉÔÈÉÎ 3$'φȢ  

 



 

ςπρ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

τȢτȢρ 3$'φ ÔÁÒÇÅÔÓ ÅØÐÌÏÒÅÄ ÉÎ ÔÈÉÓ ÃÈÁÐÔÅÒ 

 

4ÈÉÓ ÃÈÁÐÔÅÒ ÐÒÉÍÁÒÉÌÙ ÁÄÄÒÅÓÓÅÄ ÔÈÅ 3$'φ ÔÁÒÇÅÔÓ ÓÈÏ×Î ÉÎ &ÉÇÕÒÅ τȢςȡ 3$'φȢρ ȬÓÁÆÅ ÄÒÉÎËÉÎÇ 

×ÁÔÅÒ ÆÏÒ ÁÌÌȭȟ 3$'φȢτ Ȭ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÁÎÄ ×ÁÔÅÒȤÕÓÅ ÅÆПÉÃÉÅÎÃÙȭ ÁÎÄ 3$'φȢφȭ 0ÒÏÔÅÃÔ ÁÎÄ ÒÅÓÔÏÒÅ 

×ÁÔÅÒ ÒÅÌÁÔÅÄ ÅÃÏÓÙÓÔÅÍÓȭ ×ÈÉÃÈ ÅÍÐÈÁÓÉÓÅÓ ÔÈÅ ÎÅÅÄ ÆÏÒ ÐÒÏÔÅÃÔÉÏÎ ÏÆ ÂÏÔÈ ÁÑÕÉÆÅÒÓ ÁÎÄ ÌÁËÅÓȟ 

×ÈÉÃÈ ÁÒÅ ÁÄÄÒÅÓÓÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÃÈÁÐÔÅÒȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÉÓ ÃÈÁÐÔÅÒ ÁÌÓÏ ÈÉÇÈÌÉÇÈÔÅÄ ÓÏÍÅ ÏÆ ÔÈÅ  

ÃÈÁÌÌÅÎÇÅÓ ÆÁÃÉÎÇ Á ÔÒÁÎÓÂÏÕÎÄÁÒÙ ×ÁÔÅÒ ÓÙÓÔÅÍȟ ÔÈÅÒÅÂÙ ÅÎÈÁÎÃÉÎÇ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÔÏ×ÁÒÄÓ 

3$'φȢυ ȬÉÎÔÅÇÒÁÔÅÄ ×ÁÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÁÎÄ ÔÒÁÎÓÂÏÕÎÄÁÒÙ ÃÏÏÐÅÒÁÔÉÏÎȭȢ  

 

&ÉÇÕÒÅ ψȢφȡ 3$'ϊ ÔÁÒÇÅÔÓ ÁÄÄÒÅÓÓÅÄ ×ÉÔÈÉÎ ÔÈÉÓ ÃÈÁÐÔÅÒȢ 4ÈÅ ÃÈÁÐÔÅÒ ÐÒÉÍÁÒÉÌÙ ÆÏÃÕÓÅÓ ÏÎ 3$'ϊȢυ 

ȬÓÁÆÅ ÄÒÉÎËÉÎÇ ×ÁÔÅÒ ÆÏÒ ÁÌÌȭ ÁÎÄ 3$'ϊȢψ Ȭ×ÁÔÅÒ ÓÃÁÒÃÉÔÙ ÁÎÄ ×ÁÔÅÒȤÕÓÅ ÅÆУÉÃÉÅÎÃÙȭȢ 
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ςπς 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

 

 

 

#ÈÁÐÔÅÒ υȡ #ÈÁÌÌÅÎÇÅÓ ÏÆ  

×ÁÔÅÒ ÑÕÁÌÉÔÙ ÆÏÒ 3$'φ 
 

Ȱ!ÎÁÄÁÂ×Á ÍÁÄÚÉ ÁÔÅÙÅÓÁ ÍËÈÏÓÉȱ 

#ÈÉÃÈÅ×Á ÅØÐÒÅÓÓÉÏÎ 

4ÈÏÕÇÈ ÔÈÅ ×ÁÔÅÒ ÁÐÐÅÁÒÓ ÃÌÅÁÎ ÉÔ ÉÓ ÎÏÔ ÓÁÆÅ 



 

ςπσ 
2ÅÂÅËÁÈ ' + (ÉÎÔÏÎ   φτφψ 

 
























































































































































































































































































































































































































































































































































































































































































































































