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Abstract: The paper describes shortcomings of the general economic analysis procedure
adopted in water infrastructure development projects in Sri Lanka. As a case study an application of 
the 'Educated Trade-off' framework in the Ma Oya river basin is used to illustrate the shortcomings of 
general economic analysis procedure. This framework facilitates the systematic identification of 
resource uses and the possible range of environmental and social impacts by the water infrastructure 
project, through the involvement (consultation and participation) of key stakeholders. The study 
revealed two types of shortcomings that result in erroneous economic indicators: first, the lack of a 
competent process to establish the baseline situation leading to non-inclusion of some important 
social and environmental impacts, both positive and negative, by the project and, second, deviations 
from reasonable practices either due to negligence or on purposes that give decision makers 
optimistic data which could result in questionable decisions.
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1. Introduction

Water infrastructure development can be 
considered as a production process as the 
purpose of production is to convert a set of 
inputs (e.g. river flow, concrete, steel and other 
building materials) to a set of outputs (e.g. 
irrigation, water supply, and hydropower 
generation projects). This justifies the 
application of production functions, cost 
benefit analysis and other economic analysis to 
water resource infrastructure development [20].

In the economic analysis of an infrastructure 
project, the total value of the resource has to be 
considered to maximise the efficiency. The total 
value of a resource consists of its use and non­
use values. The basic measures of use and non­
use values are maximum willingness to pay 
(WTP) to prevent environmental damage or 
realise an economic-environmental benefit; 
and/or minimum willingness to accept (WTA) 
compensation for accepting a specific 
degradation in environmental quality [1],

Non-availability of a systematic approach to 
establish the baseline situation of the full range 
of use and non-use values of the resources is a 
key deficiency associated with the procedure 
generally adopted for economic analysis of 
water infrastructure projects especially in river 
development work. Inadequate efforts to 
include the values of full range of social and 
environmental impacts due to the development

project aggravate the situation. This practice 
could be due to lack of knowledge, negligence 
or on purpose.

The objective of this paper is to present a case 
study on proposed Yatimahana multi-purpose 
balancing reservoir which is a water 
infrastructure project on Ma Oya in order to:
a) highlight deviations in economic analysis 

from reasonable practices either due to 
negligence or on purpose, and

b) address the above deficiencies through the 
application of an 'Educated Trade-offs' 
framework [16], [17].

The 'Educated Trade-offs' framework 
developed by Thoradeniya [17] is a decision­
making tool to facilitate trade-offs between 
different resource uses by educating the 
stakeholders on the combined economic value 
(economic estimates and environmental and 
social costs) of each resource use sector.
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T h e  f r a m e w o r k  c o n s i s t s  o f  f i v e  s t e p s .  T h e  f i r s t  

s t e p  i d e n t i f i e s  t h e  s t a k e h o l d e r s  a n d  t h e  

u s e s / i s s u e s  o f  t h e  n a t u r a l  r e s o u r c e s  i n  t h e  t o t a l  

a r e a  i m p a c t e d  b y  t h e  p r o j e c t ,  t h r o u g h  t h e  

s y s t e m a t i c  c o n s u l t a t i o n  o f  s t a k e h o l d e r  g r o u p s .  

T h e  c r i t i c a l  b o u n d s  o f  t h e  t e c h n i c a l  

r e q u i r e m e n t s  o f  t h e  r e s o u r c e  u s e s  a n d  i s s u e s  

i d e n t i f i e d  i n  s t e p  o n e  a r e  t h e n  e s t i m a t e d  i n  s t e p  

t w o .  T h e  e c o n o m i c  v a l u e  a n d  t h e  

e n v i r o n m e n t a l  ( i n c l u d i n g  s o c i a l )  c o s t s  o f  t h e  

r e s p e c t i v e  c r i t i c a l  b o u n d  o f  t h e  t e c h n i c a l  

r e q u i r e m e n t s  a r e  e s t i m a t e d  i n  t h e  t h i r d  a n d  t h e  

f o u r t h  s t e p s .  T h e  f i f t h  s t e p  c o m b i n e s  t h e  

e c o n o m i c  e s t i m a t e s  a n d  t h e  e n v i r o n m e n t a l  a n d  

s o c i a l  c o s t s  o f  c r i t i c a l  b o u n d s ,  t o  f o r m  t h e  ^ > a s is  

f o r  " E d u c a t e d  T r a d e - o f f s '  f o r  s t a k e h o l d e r  

c o n s u l t a t i o n s  [ 1 6 ] ,  [ 1 7 ] .

T h i s  p a p e r  d e s c r i b e s  t h e  a p p l i c a t i o n  o f  t h e  s t e p  

1  o f  t h e  a b o v e  f r a m e w o r k  b r i e f l y  a n d  s t e p s  3  

a n d  4  i n  d e t a i l ,  w h i c h  a r e  r e l e v a n t  t o  t h e  

o b j e c t i v e s  o f  t h i s  p a p e r .  T h e  c a s e  s t u d y  

a p p l i c a t i o n  h i g h l i g h t e d  t w o  m a i n  f a c t o r s ;  a )  t h e  

e r r o n e o u s  a p p r o a c h e s  i n  t h e  m e t h o d o l o g i e s  

e m p l o y e d  b y  t h e  p r o j e c t  a n a l y s t s  i n  p e r f o r m i n g  

e c o n o m i c  a n a l y s i s  o f  t h e  w a t e r  i n f r a s t r u c t u r e  

p r o j e c t  b )  t h e  i n a b i l i t y  o f  g e n e r a l  a p p r o a c h e s  t o  

c a p t u r e  g r o u n d  r e a l i t i e s  i n  t h e  e c o n o m i c  

a n a l y s i s .  B o t h  t h e  a b o v e  f a c t o r s  r e s u l t e d  i n  

o b t a i n i n g  w r o n g  e c o n o m i c  i n d i c a t o r s  t h a t  

w o u l d  m i s l e a d  t h e  d e c i s i o n  m a k e r s .

T h e  n e x t  s e c t i o n  p r e s e n t s  a n  o v e r v i e w  o f  t h e  

e c o n o m i c  t h e o r i e s  t h a t  a r e  u s e d  f o r  t h e s e  

a n a l y s e s .  T h e  t h i r d  s e c t i o n  d e s c r i b e s  t h e  c a s e  

s t u d y  ( t h e  p r o p o s e d  Y a t i m a h a n a  r e s e r v o i r )  a n d  

t h e  b a s e l i n e  s c e n a r i o .  T h e  f o u r t h  s e c t i o n  

p r e s e n t s  e s t i m a t e s  o f  c o m b i n e d  e c o n o m i c  

v a l u e s  o f  t h e  w a t e r  i n f r a s t r u c t u r e  p r o j e c t .  T h e  

c o n c l u s i o n s  a r e  g i v e n  i n  t h e  f i f t h  s e c t i o n .

2. Overview of the Economic 
Theories

2 . 1  E c o n o m i c  I n d i c a t o r s

E c o n o m i c  N e t  P r e s e n t  V a l u e  (E coN P V )  a n d  

E c o n o m i c  I n t e r n a l  R a t e  o f  R e t u r n  ( E I R R )  

a n a l y s e s  a r e  f r e q u e n t l y  u s e d  t o  d e t e r m i n e  t h e  

d i f f e r e n c e  i n  e c o n o m i c  b e n e f i t s  a n d  e c o n o m i c  

c o s t s  o f  a  w a t e r  i n f r a s t r u c t u r e  p r o j e c t .

T h e  P r e s e n t  V a l u e  ( P V )  o f  n e t  b e n e f i t s  a n d  c o s t s  

o v e r  t i m e  i s  i t s  v a l u e  t o d a y ,  u s u a l l y  

r e p r e s e n t e d  a s  t i m e  z e r o  i n  a  c a s h  f l o w  

d i a g r a m .  I n  o t h e r  w o r d s ,  i t  i s  t h e  v a l u e  

o b t a i n e d  b y  d i s c o u n t i n g  t h e  b e n e f i t s  a n d  c o s t s  

s e p a r a t e l y  f o r  e a c h  y e a r  o v e r  t i m e  a t  a  c o n s t a n t

d i s c o u n t  r a t e  a n d ,  t h r o u g h o u t  t h e  a s s u m e d  l i f e  

o f  a  d e v e l o p m e n t  p r o j e c t  [ 1 1 ] .  T h e n ,  t h e  

f u n d a m e n t a l  r e l a t i o n s h i p  t o  d e t e r m i n e  t h e  

E c o n o m i c  N e t  P r e s e n t  V a l u e  ( E coN P V )  o f  a  

r e s o u r c e  u s e  c a n  b e  e x p r e s s e d  a s ;

E c o N P V  =  T  B i  ~ C ‘ [2.1]
t ^ ( l  + r y

W h e r e  B , i s  t h e  a n n u a l  e c o n o m i c  b e n e f i t s  f r o m  

t h e  u s e  o f  r e s o u r c e  a t  t h e  i th y e a r  a n d  C ,  i s  t h e  

e c o n o m i c  c o s t  o f  t h e  r e s o u r c e  u s e  a t  t h e  i th y e a r .  

V  i s  t h e  d u r a t i o n  o f  t h e  s t u d y  p e r i o d  a n d  V  i s  

t h e  d i s c o u n t  r a t e  [ 1 7 ] .

E c o n o m i c  I n t e r n a l  R a t e  o f  R e t u r n  ( E I R R )  i s  t h e  

m o s t  o f t e n  c i t e d  m e t h o d  f o r  c o m p a r i n g  

a l t e r n a t i v e s  i n  d e v e l o p m e n t  p r o j e c t s .  T h e  E IR R  
a n a l y s i s  c a l c u l a t e s  t h e  r e t u r n  f r o m  t h e  

d e v e l o p m e n t  p r o j e c t  a s  a  n o n - d i m e n s i o n a l  

m e a s u r e .  P r e s e n t  v a l u e  f o r m u l a t i o n s  a r e  t h e  

f o u n d a t i o n s  f o r  E IR R  c a l c u l a t i o n  a s  t h e  E IR R  i s  

c a l c u l a t e d  b y  e q u a t i n g  E coN P V  g i v e n  i n  

e q u a t i o n  2 . 1  t o  z e r o  a n d  s o l v i n g  f o r  t h e  

d i s c o u n t  r a t e  t h a t  a l l o w s  t h e  e q u a l i t y  [ 1 1 ] .  

T h e r e f o r e ,  I n t e r n a l  R a t e  o f  R e t u r n  (IR R ) i s  

g e n e r a l l y  d e f i n e d  a s  t h e  r a t e  a t  w h i c h  P V  o f  

c o s t s  i s  e q u a l  t o  t h e  P V  o f  b e n e f i t s ,  o r  t h e  r a t e  a t  

w h i c h  t h e  N P V  i s  e q u a l  t o  z e r o .

T h e  IR R  p r e f e r e n c e  ( r a n k i n g )  f o r  a n  a l t e r n a t i v e  

a l w a y s  a g r e e s  w i t h  t h a t  o f  t h e  N P V  p r e f e r e n c e  

f o r  p r o j e c t s ,  w h i c h  a r e  e c o n o m i c a l l y  

i n d e p e n d e n t  o f  o n e  a n o t h e r  ( i . e .  t h e  s e l e c t i o n  o f  

a  p a r t i c u l a r  p r o j e c t  d o e s  n o t  p r e c l u d e  t h e  

c h o i c e  o f  t h e  o t h e r ) .  W h e n  t h e  a l t e r n a t i v e s  a r e  

m u t u a l l y  e x c l u s i v e ,  t h e r e  c a n  b e  r e v e r s a l  o f  

r a n k i n g s .

A l t e r n a t i v e s  a r e  m u t u a l l y  e x c l u s i v e  w h e n  t h e  

s e l e c t i o n  o f  o n e  a l t e r n a t i v e  e l i m i n a t e s  t h e  

o p p o r t u n i t y  t o  i n v e s t  i n  a n y  o f  t h e  o t h e r s .  M o s t  

p r o b l e m s  i n  d e v e l o p m e n t  p r o j e c t s  n o r m a l l y  f i t  

i n t o  t h i s  c a t e g o r y  b e c a u s e  a  s i n g l e  c o u r s e  o f  

a c t i o n  i s  s o u g h t  t o  s o l v e  a  p a r t i c u l a r ,  o f t e n  

u r g e n t ,  p r o b l e m .  W h e n  t h e  b e s t  a l t e r n a t i v e  i s  

d e t e r m i n e d ,  t h e  p r o b l e m  i s  t h e o r e t i c a l l y  

r e s o l v e d  b y  i m p l e m e n t i n g  t h e  i n d i c a t e d  c o u r s e  

o f  a c t i o n  [ 1 3 ] .

I n  c h o o s i n g  b e t w e e n  a l t e r n a t i v e s  ( i . e .  d i f f e r e n t  

r e s o u r c e  u s e s ) ,  t h e  c r i t e r i o n  i s  t o  s e l e c t  t h e  o n e  

t h a t  m a x i m i z e s  E coN P V . F o r  i n s t a n c e ,  a n  

E coN P V  o f  R s .  Z  m e a n s  t h a t  t h e  P V  o f  t h e  

a l t e r n a t i v e  ( r e s o u r c e  u s e )  i s  R s .  Z  g r e a t e r  t h a n  

o n  a n  i n v e s t m e n t  o f  s i m i l a r  s i z e  t h a t  p r o d u c e s  a  

r a t e  o f  r e t u r n  e q u a l  t o  t h e  d i s c o u n t  r a t e  o r  t h e  

M i n i m u m  A c c e p t a b l e  R a t e  o f  R e t u r n  (M A R R ) .
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A  n e g a t i v e  P V  m e a n s  t h a t  t h e  a l t e r n a t i v e  d o e s  

n o t  s a t i s f y  t h e  r a t e  o f  r e t u r n  r e q u i r e m e n t ,  a s  

M A R R  r e f l e c t s  t h e  o p p o r t u n i t y  c o s t  o f  c a p i t a l .  

I n  o t h e r  w o r d s ,  t h e  p o s s i b l e  r e t u r n  t h e  

e c o n o m y  w o u l d  o b t a i n  i s  l o w e r  o n  t h e  s a m e  

a m o u n t  o f  c a p i t a l  t h a n  i f  i n v e s t e d  e l s e w h e r e  a t  

M A R R , a s s u m i n g  t h a t  t h e  r i s k s  a r e  s i m i l a r  f o r  

b o t h  i n v e s t m e n t  a l t e r n a t i v e s  [ 1 1 , 1 2 ] .

2.2 Financial Analysis

T h e  s t a r t i n g  p o i n t  o f  a n  e c o n o m i c  a n a l y s i s  o f  a  

r e s o u r c e  u s e  i s  t h e  f i n a n c i a l  a n a l y s i s  o f  t h a t  

r e s o u r c e  u s e .  T h e  f i n a n c i a l  a n a l y s i s  m e a s u r e s  

t h e  r e c e i p t s  ( b e n e f i t s )  a n d  p a y m e n t s  ( c o s t s )  

r e l e v a n t  t o  t h e  i n v e s t o r s  o r  o w n e r s  o f  t h e  

r e s o u r c e / p r o j e c t .  I t  i s  a  t o o l  t h a t  p r o v i d e s  

i n v e s t o r s  w i t h  t h e  i n f o r m a t i o n  r e q u i r e d  t o  

d e c i d e  w h e t h e r  t o  u n d e r t a k e  a n  i n v e s t m e n t .  

H e n c e ,  t h e  o b j e c t i v e s  o f  t h e  f i n a n c i a l  a n a l y s i s  

a r e  t o  d e t e r m i n e ,  a n a l y s e  a n d  i n t e r p r e t  a l l  

f i n a n c i a l  c o n s e q u e n c e s  t h a t  m a y  b e  r e l e v a n t  t o  

a n d  s i g n i f i c a n t  f o r  i n v e s t m e n t  a n d  f i n a n c i n g  

d e c i s i o n s  [ 1 1 ] .

T h e  f i n a n c i a l  a n a l y s i s  o f  a  r e s o u r c e  u s e / p r o j e c t  

i s  t y p i c a l l y  c a r r i e d  o u t  a t  m a r k e t  p r i c e s  

p r e v a i l i n g  a t  t h e  t i m e  o f  t h e  a n a l y s i s  [ 7 ] .  T h e  

e s t i m a t e s  f o r  c o s t s  a n d  b e n e f i t s  ( r e c e i p t s )  a r e  

t h e r e f o r e  i n  t e r m s  o f  p r e v a i l i n g  m a r k e t  p r i c e s .  

T a x e s  a n d  s u b s i d i e s  ( t r a n s f e r  p a y m e n t s ) ,  

f o r e i g n  e x c h a n g e  d i s t o r t i o n s ,  m o n o p o l y  r e n t s ,  

a n d  e x t e r n a l i t i e s  i n f l u e n c e  m a r k e t  p r i c e s .  

M a r k e t  d i s t o r t i o n s  c a u s e  m a r k e t  p r i c e s  t o  

d i v e r g e  f r o m  e c o n o m i c  p r i c e s  [ 7 ] .

2.3 Economic Analysis

A c c o r d i n g  t o  J e n k i n s  a n d  H a r b e r g e r  [ 7 ] ,  f o r  

i n p u t s ,  m a r k e t  p r i c e s  w o u l d  r e v e a l  t h e  

p r o d u c t i v e  v a l u e  o f  a n  i t e m  i n  i t s  n e x t  b e s t  u s e .  

T h e  m a r k e t  p r i c e s  o f  a n  o u t p u t  w o u l d  s i g n a l  

t h e  l e v e l  a t  w h i c h  t h e  c o n s u m e r ' s  m a r g i n a l  

W T P  f o r  a n  i t e m  j u s t  e q u a l s  t h e  c o s t  o f  

p r o d u c i n g  t h a t  i t e m  ( m a r g i n a l  c o s t ) .  I n s t e a d ,  

m a r k e t  d i s t o r t i o n s  c a u s e  m a r k e t  p r i c e s  t o  

d i v e r g e  f r o m  ' ' e c o n o m i c  p r i c e s . "  F o r  e x a m p l e ,  

t a x e s  i n c r e a s e  p r i c e s  a n d  r e d u c e  d e m a n d .  T h e  

e f f e c t  o f  s u b s i d i e s  i s  o p p o s i t e  [ 7 ] ,  [2 ] .

T h e  f i n a n c i a l  a n a l y s i s  r e l i e s  o n  c a s h  f l o w  

t e c h n i q u e s  t o  c o m p a r e  a n d  a n a l y s e  t h e  

e s t i m a t e d  r e c e i p t s  ( b e n e f i t s )  a n d  c o s t s .  A n  

e c o n o m i c  a n a l y s i s  i s  o f  e x a c t l y  t h e  s a m e  n a t u r e  

a s  a  f i n a n c i a l  a n a l y s i s ,  e x c e p t  i n  t h e  c a s e  o f  a n  

e c o n o m i c  a n a l y s i s ,  t h e  b e n e f i t s  a n d  c o s t s  a r e  

m e a s u r e d  f r o m  t h e  p o i n t  o f  v i e w  o f  t h e  

e c o n o m y  [ 7 ] .  I n s t e a d  o f  r e l y i n g  s o l e l y  o n  c a s h

f l o w  t e c h n i q u e s  t o  m e a s u r e  b e n e f i t s  a n d  c o s t s  

a s  i n  t h e  c a s e  o f  t h e  f i n a n c i a l  a n a l y s i s ,  e c o n o m i c  

v a l u a t i o n  r e q u i r e s  t h e  u s e  o f  e c o n o m i c  

t e c h n i q u e s  o f  m e a s u r e m e n t .

T h e n ,  t h e  m e r i t  o f  a  r e s o u r c e  u s e  i s  a s s e s s e d  

w i t h  r e g a r d  t o  t h e  i m p a c t  t h a t  u s e  h a s  o n  t h e  

e f f i c i e n c y  o f  t h e  e c o n o m y  a s  a  w h o l e  [ 7 ] .  T h e  

m a r k e t  p r i c e s  a r e  a d j u s t e d  t o  r e f l e c t  t h e  

o p p o r t u n i t y  c o s t  ( o r  s h a d o w  p r i c e )  o f  g o o d s  

a n d  s e r v i c e s .  T h e n ,  t h e  c o s t  t o  s o c i e t y  o f  t h e  

p r o j e c t  i s  m e a s u r e d  i n  t e r m s  o f  f o r g o n e  

m a r g i n a l  p r o d u c t s  o f  i n p u t s ,  h a d  t h e y  b e e n  

u s e d  i n  t h e  n e x t  b e s t  a l t e r n a t i v e  t o  t h e  r e s o u r c e  

u s e .  T h e  o u t p u t s  o f  t h e  r e s o u r c e  u s e  a r e  v a l u e d  

b a s e d  o n  t h e i r  d e m a n d  p r i c e  i n  t h e  a b s e n c e  o f  

m a r k e t  d i s t o r t i o n s  [ 7 ] .

I d e a l l y ,  t h e  p r i c e  o f  e v e r y  i n p u t  a n d  o u t p u t  

s h o u l d  b e  a d j u s t e d  s o .  t h a t  " s h a d o w  p r i c e s "  c a n  

b e  a p p r o x i m a t e d .  O n c e  t h e  s h a d o w  ( e c o n o m i c )  

p r i c e  i s  k n o w n ,  a  c o n v e r s i o n  f a c t o r  o f  t h e  r a t i o  

o f  t h e  e c o n o m i c  p r i c e  t o  t h e  m a r k e t  p r i c e ,  i s  

u s e d  t o  f a c i l i t a t e  t h i s  a d j u s t m e n t .  W h e n  t h e  

c o n v e r s i o n  f a c t o r s  a r e  a p p r o x i m a t e d ,  c o m p u t e r  

s p r e a d s h e e t  p r o g r a m s  e a s i l y  f a c i l i t a t e  t h e  

t r a n s f o r m a t i o n  o f  t h e  f i n a n c i a l  a n a l y s i s  t o  t h e  

e c o n o m i c  a n a l y s i s .  I n s t e a d  o f  r e p l a c i n g  a l l  

f i n a n c i a l  v a l u e s  w i t h  e c o n o m i c  v a l u e s ,  f i n a n c i a l  

v a l u e s  c a n  b e  m u l t i p l i e d  b y  t h e  c o n v e r s i o n  

f a c t o r s  t o  y i e l d  e c o n o m i c  v a l u e s  [ 1 1 ] ,  [4 ] . T h e  

c o m p l e x i t y  o f  f i n d i n g  t h e  e c o n o m i c  p r i c e  

d e p e n d s  o n  t h e  n a t u r e  o f  t h e  g o o d  o r  s e r v i c e  

b e i n g  c o n s i d e r e d .

T h e  t h i r d  s t e p  o f  t h e  ' E d u c a t e d  T r a d e - o f f  

f r a m e w o r k  u s e s  t h e s e  r e a s o n i n g  t o  e s t i m a t e  t h e  

e c o n o m i c  v a l u e  o f  t h e  w a t e r  i n f r a s t r u c t u r e  

p r o j e c t .

2.4 Extended Economic Analysis

A  n e g a t i v e  o u t c o m e  o f t e n  l i n k e d  w i t h  t h e  w a t e r  

r e s o u r c e s  d e v e l o p m e n t  i s  t h e  e n v i r o n m e n t a l  

d e g r a d a t i o n  t h a t  o c c u r s  d u e  t o  t h e  e c o n o m i c  

a c t i v i t i e s  [ 1 0 ] .  I n c l u s i o n  o f  s u c h  c o s t s  ( a n d  

b e n e f i t s )  i n  t h e  w a t e r  i n f r a s t r u c t u r e  p r o j e c t  i s  

t h e  b a s i s  f o r  t h e  ' E x t e n d e d  E c o n o m i c  A n a l y s i s . '

I t  i s  i m p e r a t i v e  t o  v a l u e  s u c h  i m p a c t s  t o  t h e  

e n v i r o n m e n t  i n  r e l a t e d  d e c i s i o n  m a k i n g  [8 ] , [9 ] , 

[ 6 ] .  B i r d  et al. [3 ] d e f i n e s  t h e  r o l e  o f  e c o n o m i c  

v a l u a t i o n  t e c h n i q u e s  i n  t h e  d e s i g n  o f  e f f i c i e n t ,  

e q u i t a b l e  a n d  s u s t a i n a b l e  p o l i c i e s  f o r  w a t e r  

r e s o u r c e s  m a n a g e m e n t  i n  t h e  f a c e  o f  

e n v i r o n m e n t a l  p r o b l e m s .
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T h e  n e t  e n v i r o n m e n t a l  c o s t  o f  a  p r o j e c t  i s  t h e  

d i f f e r e n c e  b e t w e e n  t h e  e n v i r o n m e n t a l

( i n c l u d i n g  s o c i a l )  b e n e f i t s  a n d  t h e  s o c i a l  a r i d  

e n v i r o n m e n t a l  c o s t s  o f  t h e  o t h e r  u s e s  d u e  t o  

t h a t  p r o j e c t .  I t  m u s t  b e  n o t e d  t h a t  n e t  s o c i a l  a n d  

e n v i r o n m e n t a l  c o s t s  r e f e r r e d  t o  h e r e  a r e  t h o s e ,  

w h i c h  a r e  e i t h e r  n o t  q u a n t i f i e d  o r

u n d e r e s t i m a t e d ,  i n  t h e  e c o n o m i c  a n a l y s i s .  T h e  

f o u r t h  s t e p  u s e s  t h e s e  r e a s o n i n g s  t o  e s t i m a t e

t h e  e n v i r o n m e n t a l  a n d  s o c i a l  c o s t s  o f  t h e  w a t e r  

i n f r a s t r u c t u r e  p r o j e c t .

T h e  f i f t h  s t e p  o f  t h e  ' E d u c a t e d  T r a d e - o f f '  

f r a m e w o r k  e s t i m a t e s  t h e  c o m b i n e d  v a l u e  o f  t h e  

w a t e r  i n f r a s t r u c t u r e  p r o j e c t .  T h i s  i n  f a c t  i s  t h e  

n e t  p r e s e n t  v a l u e  o f  a  s c e n a r i o  o b t a i n e d  b y  

p e r f o r m i n g  t h e  e x t e n d e d  e c o n o m i c  a n a l y s i s .

Figure 1 -  Ma Oya river basin

3. Case Study: Yatimahana Multi­
purpose Balancing Reservoir 
Project

3.1 River Basin

M a  O y a  r i v e r  c o m m e n c e s  i n  t h e  c e n t r a l  h i l l y  

r e g i o n s  a n d  f l o w s  t o  t h e  I n d i a n  O c e a n  t h r o u g h  

n o r t h  w e s t e r n  S r i  L a n k a .  T h e  r i v e r  d r a i n s  a  

c a t c h m e n t  a r e a  o f  1 5 2 8  k m 2 a l o n g  i t s  t o t a l  

l e n g t h  o f  1 3 0  k m  [ 5 ] .  ( S e e  F i g u r e  1 ) .

T h e  r i v e r  f l o w s  a r e  m a i n l y  u s e d  f o r  s u p p l y i n g  

d r i n k i n g  w a t e r  t o  1 7  m a j o r  p o p u l a t i o n  c e n t e r s ,  

t w o  m a j o r  i n d u s t r i a l  z o n e s  a n d  a l s o  s o m e  

p r i v a t e  w a t e r  s u p p l y  s c h e m e s .  T h e  n e x t  m a j o r  

u s e  o f  t h e  r i v e r  f l o w  i s  a s  a  p o l l u t a n t  c a r r i e r  

( a b s o r b e r )  f r o m  a  n u m b e r  o f  c i t i e s  a s  w e l l  a s  

p r i v a t e  d w e l l i n g s  l o c a t e d  o n  t h e  r i v e r b a n k s  a n d  

f r o m  a  n u m b e r  o f  i n d u s t r i e s  l o c a t e d  i n  t h e  r i v e r  

v a l l e y .

H i g h l y  s t r e s s e d  s u r f a c e  w a t e r  r e s o u r c e  

s i t u a t i o n s  a r e  e x p e r i e n c e d  d u r i n g  t h e  6 - 8  w e e k s  

o f  t h e  d r y  s e a s o n  [ 5 ] .  T h u s  d u r i n g  t h e  l o w  f l o w  

p e r i o d s  t h e  t w o  m a j o r  u s e s  ( w a t e r  s u p p l y  a n d  

p o l l u t a n t  c a r r i e r )  a r e  c o n f l i c t i n g  w i t h  e a c h  

o t h e r  a n d  r e s u l t s  i n  c r i t i c a l  w a t e r  s t r e s s e d  

s i t u a t i o n  b o t h  d u e  t o  i n a d e q u a t e  q u a n t i t y  a n d  

p o o r  q u a l i t y  [ 5 ] ,  [ 1 9 ] .

T h e  N W S D B ,  a  k e y  s t a k e h o l d e r  o f  t h e  r i v e r  

b a s i n  h a s  p r o p o s e d  a  m u l t i - p u r p o s e  b a l a n c i n g  

r e s e r v o i r  i n  t h e  u p p e r  c a t c h m e n t  a t  Y a t i m a h a n a  

( S e e  F i g u r e  1 )  a s  t h e  b e s t  o p t i o n  i n  a n  a t t e m p t  

t o  m i t i g a t e  t h e  e x p e c t e d  s e v e r e  w a t e r  s h o r t a g e s  

i n  t h e  n e a r  f u t u r e  d u e  t o  t h e  i n c r e a s i n g  

d e m a n d s ,  [ 1 5 ] .

i ' *

T h e  o b j e c t i v e  o f  t h i s  r e s e r v o i r  p r o j e c t  i s  t o  s t o r e  

t h e  e x c e s s  f l o w s  o f  t h e  r i v e r  d u r i n g  r a i n y  

s e a s o n s  a n d  t h e n  t o  r e l e a s e  t h e  r e q u i r e d  f l o w s ,  

u n d e r  c o n t r o l ,  d u r i n g  t h e  d r y  w e a t h e r  p e r i o d s .  

T h e  p r o p o s a l  a c k n o w l e d g e s  t h e  i m p o r t a n c e  o f  

I n t e g r a t e d  W a t e r  R e s o u r c e s  M a n a g e m e n t
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( I W R M )  a n d .  h a s  c o n s i d e r e d  i r r i g a t i o n ,  i n d u s t r y  

a n d  h y d r o p o w e r  s e c t o r s  i n  a d d i t i o n  t o  t h e  

w a t e r  s u p p l y  a n d  s a n i t a t i o n  s e c t o r .  

H y d r o p o w e r  i s  p r o p o s e d  m a i n l y  a s  a  s t r a t e g y  

f o r  a c h i e v i n g  t h e  e c o n o m i c  v i a b i l i t y  o f  t h e  

r e s e r v o i r  p r o j e c t  [ 1 5 ] .

3.2 Baseline Scenario

T h e  r e s o u r c e  u s e s  a n d  i s s u e s  o f  a  r i v e r  s h o w  a  

s i g n i f i c a n t  v a r i a t i o n  s p a t i a l l y  a n d  t e m p o r a l l y .  I t  

i s  t h e r e f o r e  v i t a l  t o  e s t a b l i s h  t h e  b a s e l i n e  

s i t u a t i o n  a n d  t h e  p o s s i b l e  i m p a c t s  b y  t h e  w a t e r  

i n f r a s t r u c t u r e  p r o j e c t  p r i o r  t o  e n g a g i n g  i n  

e c o n o m i c  a n a l y s e s .  T h e  b a s e l i n e  s i t u a t i o n  

s h o u l d  b e  e s t a b l i s h e d  b y  c a r r y i n g  o u t  

s y s t e m a t i c  s u r v e y s  c o v e r i n g  t h e  e n t i r e  a r e a  t h a t  

i s  e x p e c t e d  t o  b e  i m p a c t e d  b y  t h e  p r o j e c t .

A  m a i n  - f e a t u r e  o f  t h e  ' E d u c a t e d  T r a d e - o f f '  

f r a m e w o r k  i s  t h e  e s t a b l i s h m e n t  o f  t h e  b a s e l i n e  

s c e n a r i o  w i t h  r e g a r d  t o  t o t a l  v a l u e  o f  t h e  

r e s o u r c e  a g a i n s t  t h e  c u r r e n t  p r a c t i c e  o f  l i m i t i n g  

t h e  a n a l y s e s  m o s t l y  t o  d i r e c t  u s e  v a l u e s .

T h e  f i r s t  s t e p  o f  t h e  ' E d u c a t e d  T r a d e - o f f '  

f r a m e w o r k  i s  d e v e l o p e d  o n  t h e  p r e m i s e  t h a t  

t h e  e s t a b l i s h m e n t  o f  t h e  m o s t  a c c u r a t e  b a s e l i n e  

s i t u a t i o n  f o r  i d e n t i f y i n g  t h e  r e s o u r c e  u s e s  i s  

t h r o u g h  t h e  b o t t o m  l e v e l  ( g r a s s - r o o t )  

s t a k e h o l d e r  c o n s u l t a t i o n s .  T h e  m e t h o d o l o g y  

u s e d  f o r  t h e  i d e n t i f i c a t i o n  o f  s t a k e h o l d e r s  a n d  

i s s u e s  w a s  t o  c o n d u c t  s a m p l e  s u r v e y s  a l o n g  t h e  

r i v e r  b a n k s  a t  t h e  s m a l l e s t  a d m i n i s t r a t i v e  u n i t  

( G r a m a  N i l a d h a r i  D i v i s i o n  -  G N D )  l e v e l .

I n  t h i s  c a s e  s t u d y ,  t h e  s a m p l e  c o n s t i t u t e d  o f  4 2 7  

s t a k e h o l d e r s  f r o m  1 4 5  G N D s  a l o n g  b o t h  r i v e r  

b a n k s  f r o m  r i v e r  e s t u a r y  t o  A r a n a y a k e  ( a  

l o c a t i o n  u p s t r e a m  o f  t h e  p r o p o s e d  r e s e r v o i r ) ,  

r e p r e s e n t i n g  a l l  s e c t o r s  h a v i n g  a  s t a k e  i n  t h e  

r i v e r  i n c l u d i n g  p u b l i c  a d m i n i s t r a t i o n ,  p u b l i c  

a n d  p r i v a t e  i n s t i t u t i o n s  i n  r i v e r  r e s o u r c e  u s e  

s e c t o r s .  I t  a l s o  i n c l u d e d  r e p r e s e n t a t i v e s  o f  

s o c i a l ,  p o l i t i c a l ,  r e l i g i o u s ,  a n d  e t h n i c  g r o u p s  o f  

p u b l i c  a t  g r a s s - r o o t  l e v e l .  A  d e t a i l e d  a n a l y s i s  o f  

t h e  d a t a  c o l l e c t e d  t h r o u g h  t h e  s a m p l e  s u r v e y  i s  

p r e s e n t e d  b y  T h o r a d e n i y a  [ 1 7 ] ,  a n d  

T h o r a d e n i y a  a n d  R a n a s i n g h e  [ 1 8 ] ,  w i t h  r e g a r d  

t o  t h e  r e s o u r c e  u s e s  a n d  s t a k e h o l d e r s .

T h e  m a j o r  r e s o u r c e  u s e  s e c t o r s ,  w h i c h  c o u l d  b e  

s i g n i f i c a n t l y  i m p a c t e d  b y  t h e  p r o p o s e d  w a t e r  

i n f r a s t r u c t u r e  p r o j e c t ,  w e r e  i d e n t i f i e d  i n  t w o  

g r o u p s .  F i r s t  a r e  t h e  s e c t o r s  w h i c h  a r e  s p a t i a l l y  

w i d e s p r e a d  s u c h  a s ,  w a t e r  s u p p l y  s c h e m e s ,  

i n d u s t r i e s  u s i n g  r i v e r  w a t e r ,  d u g - w e l l s ,  r a i n -  

f e d  a g r i c u l t u r e  a n d  i n d u s t r i a l  w a s t e  d i s p o s a l

s e c t o r s .  S e c o n d  a r e  t h e  o t h e r  u s e  s e c t o r s ,  w h i c h  

a r e  m o r e  l o c a l i s e d  i n  n a t u r e ;  s u c h  a s  r e c r e a t i o n  

a n d  t o u r i s m .

U s e  s e c t o r s  l i k e  h y d r o p o w e r ,  t o u r i s m ,  s a n d  a n d  

c l a y  m i n i n g  h a v e  c r e a t e d  l o c a l i s e d  a d v e r s e  

i m p a c t s  t o  t h e  e n v i r o n m e n t  a n d  l o c a l  

p o p u l a t i o n s .  A l r e a d y  d o c u m e n t e d

e n v i r o n m e n t a l  a n d  s o c i a l  i m p a c t s  b y  t h e  

d i f f e r e n t  u s e  s e c t o r s  r a n g e  f r o m  d r y i n g  u p  o f  

s p r i n g s  u s e d  f o r  d r i n k i n g  a n d  h o u s e h o l d  n e e d s  

o f  t h e  v i l l a g e r s  a t  u p s t r e a m  l o c a t i o n s  t o  d r i e d  

u p  w e l l  a n d  a b a n d o n e d  p a d d y  l a n d s  [ 1 2 ] ,  [ 1 9 ] .

A n  i n t e r e s t i n g  f i n d i n g  o f  t h e  b a s e l i n e  s c e n a r i o  

w a s  t h e  c u r r e n t  s i t u a t i o n  o f  t h e  i r r i g a t i o n  

s e c t o r .  T h e  p r o j e c t  e c o n o m i c  a n a l y s i s  

c o n s i d e r e d  t h r e e  i r r i g a t i o n  p r o j e c t s  d o w n  

s t r e a m  o f  t h e  Y a t i m a h a n a  r e s e r v o i r  a s  

c o n t r i b u t i n g  e c o n o m i c a l l y .  H o w e v e r ,  Y a k a  

B e n d i  E l a  s c h e m e  i s  s t i l l  a  p r o p o s a l  w h i l e  t h e  

o t h e r  t w o ,  P a n n a l a  a n d  M a k a n d u r a  l i f t  

i r r i g a t i o n  s c h e m e s  a r e  a b a n d o n e d .  T h e  

e c o n o m i c  a n a l y s i s  a s s u m e d  a n  a n n u a l  i n c o m e  

o f  R s .  1 0 0 ,0 0 0 ,0 0 0  f r o m  t h e s e  t h r e e  i r r i g a t i o n  

s c h e m e s .

T h e  s t a k e h o l d e r  c o n s u l t a t i o n s  a t  g r a s s - r o o t  

l e v e l  r e v e a l e d  t h a t  t h e  r e a l  r e a s o n  f o r  

a b a n d o n i n g  t h e  t w o  l i f t  i r r i g a t i o n  s c h e m e s  w a s  

n o t  t h e  i n a d e q u a c y  o f  w a t e r  b u t  t h e  i n a b i l i t y  o f  

f a r m e r s  t o  m e e t  t h e  c o s t  o f  e n e r g y  f o r  l i f t i n g  

w a t e r .  M o r e  i n t e r e s t i n g l y  i t  w a s  f o u n d  t h a t  

p a r t s  o f  l a n d  u n d e r  t h e s e  s c h e m e s  h a v e  b e e n  

r e a l l o c a t e d  u n d e r  t h e  p o l i t i c a l  v i s i o n s  o f  t h e  

a r e a  f o r  o t h e r  p u r p o s e s  s u c h  a s  h o u s i n g  

m a k i n g  i t  d i f f i c u l t  t o  r e h a b i l i t a t e  t h e  s c h e m e s .  

T h e r e f o r e ,  t h e  a s s u m e d  i r r i g a b l e  a r e a  u n d e r  t h e  

t h r e e  s c h e m e s  o f  4 5 3  h a . ,  i s  i n  r e a l i t y  a  f a n t a s y .

A n o t h e r  f i n d i n g  w a s  t h e  i n a d e q u a c y  o f  t h e  

p r e s e n t  h e a d  w o r k s ,  w h i c h  a r e  i n  a  d i l a p i d a t e d  

c o n d i t i o n ,  f o r  l i f t  o p e r a t i o n s  a s  t h e  r i v e r  w a t e r  

l e v e l  h a s  d r o p p e d  b y  a b o u t  5  -  6  m  s i n c e  t h e  

t i m e  t h e s e  s c h e m e s  w e r e  a b a n d o n e d .

4. Economic analysis of the 
Yatimahana project

4.1 Feasibility Study

T h e  p r o j e c t  f e a s i b i l i t y  s t u d y  [ 1 5 ]  i d e n t i f i e d  

e c o n o m i c  b e n e f i t s  o f  t h e  p r o j e c t  f r o m  p o w e r  

g e n e r a t i o n ,  i n c r e a s e d  w a t e r  s a l e s ,  c r o p  

p r o d u c t i o n ,  l a n d  v a l u e  i n c r e a s e s  a n d  

g e n e r a t i o n s  o f  n e w  b u s i n e s s  a c t i v i t i e s  ( T a b l e  1 ) .
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T a b l e  1  -  P r o j e c t  B e n e f i t s  ( i n  R s .  M i l l i o n s )

C/3 u
p

Ye
ar i

H
yd

ro
po

w
er

W
at

er
su

pp
ly O . o 

^  a

2  £u  s - Bu
si

ne
s

se
ct

or >
T3
C

hJ
1 230 0 100 130 120
2 114 4 100 130 -

3 101 28 100 130 -

4 146 42 100 130 -

5 192 2 100 130 -

6 103 43 100 130 -

7 75 73 100 130 -

8 149 22 100 130 -

9 141 17 100 130 -

10 145 18 100 130 /) - '
11 163 3 100 130 -

12 228 0 100 130 -

13 196 1 100 130 -

14 187 0.5 100 130 -

15 182 3 100 130 -

16 88 13 100 130 -

17 22 37 100 130 -

18 98 21 100 130 -

19 134 15 100 130 -

20 80 15 100 130 -

(Source: SWECO GR0NER, 2004)

T h e  e c o n o m i c  c o s t s  o f  t h e  p r o j e c t  w e r e  d u e  t o  

c a p i t a l  c o s t s ,  w h i c h  i n c l u d e  c o n s t r u c t i o n  c o s t s  

o f  t h e  d a m  a n d  t h e  p o w e r h o u s e ,  r e f u r b i s h m e n t  

c o s t  o f  e l e c t r i c a l  a n d  m e c h a n i c a l  c o m p o n e n t s  

a n d  l a n d  a c q u i s i t i o n  c o s t s  a n d  r e c u r r e n t  c o s t s  

( T a b l e  2 ) .

Table 2 -  Project Costs (in Rs. Millions)
Year Item Estimated

Cost
- 2 C a p i t a l  c o s t s ,  

o p e r a t i o n  a n d  

m a i n t e n a n c e  c o s t s ,  

r e s e t t l e m e n t  c o s t s  a n d  

c o m p e n s a t i o n  c o s t s .

1,352

- 1 2, 028

10 R e h a b i l i t a t i o n  c o s t 33
1 - 2 0 A n n u a l  o p e r a t i o n  a n d  

m a i n t e n a n c e

9

(Source: SWECO GR0NER, 2004)

(Note: In Table 2, Year - 2 and -1  indicates the time 
before the project implementation or the 
construction period).

T h e  e c o n o m i c  a n a l y s i s  o f  t h e  b e n e f i t s  a n d  c o s t s  

y i e l d e d  a n  E I R R  o f  1 5 . 2 %  c o n s i d e r i n g ,  a  p r o j e c t  

l i f e  o f  2 0  y e a r s  [ 1 5 ] .

T h e  a b o v e  a n a l y s i s  c o n s i s t e d  o f  f o l l o w i n g  t h r e e  

d e v i a t i o n s  f r o m  t h e  n o r m a l  p r a c t i c e  ( a ,  b  a n d  c )  

a n d  t w o  k e y  d e f i c i e n c i e s  ( d  a n d  e )  f r o m  t h e

r e a s o n a b l e  e c o n o m i c  a n a l y s i s  f o r  s u c h  w a t e r  

i n f r a s t r u c t u r e  p r o j e c t s :

a )  P l a c e m e n t  o f  c o s t s  a n d  b e n e f i t s  o n  t i m e  a x i s  

o f  c a s h  f l o w  d i a g r a m .

T h e  r e a s o n a b l e  a p p r o a c h  t o  p e r f o r m  

e c o n o m i c  a n a l y s i s  f o r  a n  i n f r a s t r u c t u r e  

d e v e l o p m e n t  p r o j e c t  i s  t o  c o n s i d e r  t h e  

o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t s  (Cn, Ci, 
Q + i )  t h a t  w o u l d  i n c u r  d u r i n g  a  s p e c i f i e d  

t i m e  u n i t  ( u s u a l l y  1  y e a r )  a t  t h e  b e g i n n i n g  

o f  t h e  p e r i o d  a n d  t h e  b e n e f i t s  (Ri-i, Ri, Ri+i) 
a t  e n d  o f  t h e  p e r i o d  ( F i g u r e  2 ) . " "

Ri-2 R n R i

i k i k . i L

i - 1

r
i

r ’ i
i + 1  r p .

r  T u n e

0-1 C i
n  ( Y e a r s )
G i+ i

Figure 2 -  Reasonable approach for costs and 
benefits in the cash flow diagram

R i-i R i R i+ 1

t
i i i k

i -1 i
T 1

i + l
r T i m e

C m Q C i+ i
( Y e a r s )

Figure 3 -  Approach used by the project 
consultants for costs and benefits in the cash 

flow diagram

E v e n  t h o u g h ,  r e a l i t y  w o u l d  b e  t o  c o n s i d e r  

c o s t s  a n d  b e n e f i t s  a s  t h e y  o c c u r  i n  t i m e ,  t h e  

a b o v e  p r o c e s s  p r o v i d e s  a  r e a s o n a b l e  

a p p r o x i m a t i o n .  H o w e v e r ,  i n  t h e  e c o n o m i c  

a n a l y s i s  b y  t h e  p r o j e c t  c o n s u l t a n t s  [ 1 5 ] ,  

b o t h  c o s t s  a n d  b e n e f i t s  f o r  a  s i n g l e  d u r a t i o n  

h a v e  b e e n  c o n s i d e r e d  a t  t h e  e n d  o f  t h e  

d i s c o u n t i n g  p e r i o d  ( F i g u r e  3 ) .  T h i s  i s  a  

c o m m o n  m i s t a k e  t h a t  h a p p e n s  w h e n  

c o m p u t e r  p a c k a g e s  a r e  u s e d  t o  e s t i m a t e  t h e  

I R R ,  w h i c h  y i e l d s  a n  o p t i m i s t i c  e s t i m a t e .
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b) Use of annual tariff increments

The economic analysis should be on 
constant values of the year on which the 
analysis is done. This is to overcome any 
over/under estimation of benefits for one 
alternative against another. Then, the 
comparison between alternatives or "go or 
no-go" decision is based on constant 
values.

In the study by the consultants [15], water 
supply sector annual financial income was 
estimated on the assumption that 80% of 
the water is sold for domestic purposes and 
the balance 20% is sold for commercial 
purposes.

The tariffs for the first year had been taken 
as the constant (2004) tariffs, which were 
Rs. 2.90 and Rs. 42.00 for the domestic and 
commercial - sectors, respectively. 
Thereafter annual tariff increases of 20% 
and 16% had been used for the domestic 
and commercial sectors claiming that these 
assumptions are based on past experience. 
This yielded a significant overestimation of 
the benefits.

The tariff used for electricity sales is based 
on the 2004 rates used by the Ceylon 
Electricity Board in purchasing bulk 
supplies from private sector. The rate 
applied during the lean period of the year 

_ (February, March and April) is Rs. 5.70 per 
kwh while a rate of Rs. 4.95 is applied 
during the rest of the period considering it 
to be the wet period. In the analysis these 
basic rates were then increased by 10% per 
year for annual price escalations, which 
again resulted in overestimation of benefits.

c) Project life

The project life of civil structures such as 
dams is usually taken as 50 years for 
economic analysis. The cost incurred by 
such massive structures cannot be 
recovered during 20 years, which is a 
relatively short period. Since the selection 
of project life has been organisation 
dependent rather than the project and its 
components, there is an underestimation of 
benefits.

d) Inadequate effort to include the values, of 
full range of social and environmental 
impacts.

The economic analysis has not captured 
important environmental (including social) 
costs (or benefits) due to the project impacts. A 
key cost that has been missed was from 
recreation sector while key benefits from 
tourism and industrial sectors have also been 
missed. In addition, a key benefit that is missed 
is the avoided social and environmental costs 
by the beneficiaries of the future water supply 
schemes as a result of Yatimahana reservoir.

e) Lack of a systematic approach to establish 
the baseline situation

In estimating the economic benefits from 
the irrigation sector, the economic analysis 
for example does not provide for the cost of 
new infrastructure required for the 
rehabilitation of existing schemes and the 
construction of the new schemes as 
discussed in section 4. Thus, lack of a 
systematic approach to establish the 
baseline situation has led to the total 
income from crop production to be 
considered as a benefit for the Yatimahana 
reservoir project when in reality there was 
no reported water deficiency for the 
irrigation sector.

There is a dilemma on the acceptable value of 
EIRR. One school of thought is that EIRR for 
public utility projects could be very low (even 
negative). The underlying argument is that 
such projects have an immeasurable social 
value (benefit) to the public over time [14]. An 
attempt to value the cost of alternative source 
of water for project beneficiaries (e.g. use of 
bottled water for drinking) could have 
captured at least part of this benefit.

4.2 Improved Analysis

The application of the third, fourth and fifth 
steps of the 'Educated Trade-off' framework 
developed by Thoradeniya [17] to the case 
study rectified all of the above deviations and 
deficiencies except one: the avoided social and 
environmental costs by the beneficiaries of the 
future water supply schemes as a result of 
Yatimahana reservoir. This was because of non­
availability of data of all the water supply 
schemes that would be enhanced by 
'Yatimahana' project and lack of time and 
resources to carry out such a study.

The normal approach that should be used for 
costs and benefits in cash flow diagram as 
explained in Figures 2 and 3, brought the EIRR
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down by 2% from 15.2% to 13.2%. Once the 
corrections were applied for undue annual 
tariff escalations, the EIRR became 8.29% for a 
project life of 20 years (see Table 3).

Table 3 -  Economic Indicators
1% EcoNPV B/G PV

Envio
Benefit

Comb
NPV

B/C

1 0 -412,627 0.871 +12,946 -399,680 0.875
8.34 -15,003 0.995 +15,003 0 1 .0

8.29 0 1 .0 +17,695 +17 695 1.004

An attempt was made to use longer durations 
for project life considering the fact that the 
major cost component of the project wa$ for 
civil constructions such as the dam, which has a 
life span more than 20 years. A forty year life 
span with additional refurbishment costs for 
electrical and mechanical components at 10 
year interval increased the EIRR by 2.34%.

Stakeholder consultation survey carried out in 
step-1 of the 'Educated trade-off framework', 
contributed in two ways: First, the stakeholder 
consultations revealed the ground reality 
regarding the irrigation sector as discussed in 
section 4. Accordingly, the removal of irrigation 
benefits brought the EIRR down by 3.79% to an 
estimated value of 4.5% for the EIRR.
Second, it identified stakeholder concerns in 
five use sectors which were expected to be 
impacted by the project; Recreation sector, Rain 
fed agriculture, Dug-well sector, Industry uses 
and Tourism sector. Detailed studies on these 
sectors concluded as follows [17]:

i. In the recreation sector the annual loss by 
the inundation of a water fall by the 
proposed reservoir is estimated as Rs. 1.2 
million per annum.

ii. The impacts to the rain-fed agriculture 
and the dug-wells depend on the 
variation of river water levels during the 
dry season which in turn affects the 
ground water level in the vicinity. The 
analysis in the step-2 of the framework 
indicated the variations to the river water 
levels in the down stream areas in the dry 
season due to the project has a marginal 
positive impact which is insignificant to 
be estimated in economic terms.

iii. The industries are expected to benefit by 
the flood mitigation effect of the 
proposed reservoir due to the reduction 
of turbid water. This positive impact is 
valued at Rs. 0.45 million per annum.

iv. The upper river bank houses a tourist 
attraction where *an elephant orphanage 
is operated at Pinnawala. The high flows

(floods) do not permit the elephants to 
use the river for bathing due to the 
possibility of small elephants being 
washed away. In this instance the 
impacted sector are the business 
enterprises which cater to the tourists 
and situated along the route taken by the 
elephants from the orphanage to the river 
and not the orphanage itself. The benefit 
by the proposed balancing reservoir due 
to reduced flood days to the tourism 
sector is estimated at Rs. 2.59 million per 
annum.

The total Environment (including social) 
benefits of the project is therefore Rs. 1.84 
millions per annum which raise the EIRR by 
0.05%.

The fifth step of the 'Educated Trade-off' 
framework facilitated the estimation of a 
combined value for the project scenario by 
adding the economic value and the 
environmental costs (e.g. Combined NPV for 
the project after corrections discussed under 
(a), (b) and (d) was Rs. - 399,681 with an EIRR 
of 8.34%. See Table 1). Further, analysis 
indicated that an additional annual benefit of 
Rs. 48.3 million over 20 years would bring the 
project EIRR to the MARR of 10%.

An important benefit that could have 
contributed to the proposed project at the 
fourth step of the framework is the avoided 
social and environmental cost to the people 
who would be supplied with water under the 
proposed reservoir project. The estimate of 
these benefits were not possible at the time of 
the study as the project reports of all the water 
supply schemes that would be enhanced by 
'Yatimahana' project were not available. 
However, this is an important benefit that 
water infrastructure projects especially in the 
water supply sector should estimate.

5. Conclusions

The economic analysis of the proposed 
Yatimahana project on the Ma Oya basin 
highlighted deviations and deficiencies from 
the reasonable procedures for economic 
analysis due to lack of knowledge, negligence 
or on purpose.

The application of the 'Educated Trade-off' 
framework enabled identifying the baseline 
situation and performing the extended 
economic analysis with the inclusion of values
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of a range of possible environmental (including 5. 
social) impacts from the Yatimahana project.

From the experience gained in the case study 
the following conclusions with regard to the 
economic analysis of water infrastructure 
projects can be drawn.

a) The timing of costs and benefits should
be properly used for the economic 
analysis when computer packages are 7.
used to estimate the IRR.

b) Economic analysis should be on
constant values. Unreasonable 
escalations of annual tariff over g
estimates the decision parameters, and 
gives optimistic Tesults for decision 
makers.

c) Use of the 'Educated Trade-off' 9.
framework [17] in water infrastructure 
development projects is recommended
for its multiple advantages. In an 
economic analysis it facilitates the 
establishment of baseline situation and ^
identifies the use sectors that could be 
impacted by the proposed project.

d) The economic analyses should include 
the avoided social and environmental 
costs to pdople who would be 
benefitted by the water infrastructure

J  11
development project.
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