
Chapter 4
Average Incremental Cost

4.1 Future Project Duration
A cc o rd in g  to  th e  O p era tio n  and M a in te n a n c e  D iv is io n  o f  th e  R ID  cen tra l 

office , N o n g  W ai I rr ig a tio n  S ystem  do es not have a d e te rm in ed  p ro je c t life tim e . In  
o th e r  w o rd s, th e  sy stem  is a ssum ed  to  be in o p e ra tio n  fo r u n lim ited  y ea rs  w ith  n ec e ssa ry  
im p ro v em en t and m ain ten an ce . O n th e  o th e r hand, th e  s tu d y  re p o r t on  c o s t re co v e ry  
o f  th e  N o n g  W ai P io n ee r  A g ricu ltu re  P ro jec t, w h ich  w as c o n d u c ted  as p a r t o f  th e  N o n g  
W ai I rr ig a tio n  P ro jec t F eas ib ility  S tu d y  by S anyu  C o n su ltan ts  Inc. in 1976, se ts  30  y ears  
as th e  lo n g est o p tio n a l pe rio d  o f  co s t reco v ery  fo r th e  c o n s tru c tio n  o f  N o n g  W ai 
I rr ig a tio n  S y s te m ’. T h is can  be  in te rp re ted  th a t N o n g  W ai Irr ig a tio n  w a s  p la n n e d  to  
o p e ra te  fo r th e  m in im u m  o f  30 years. T he  1997 A nnual R e p o rt o f  N o n g  W ai I r r ig a tio n  
P ro jec t, w h ich  is th e  m o st recen t annual rep o rt o f  th e  p ro jec t ava ilab le , co n ta in s  a  re c o rd  
o f  w a te r  d e liv e ry  fo r th e  past 22  years  (1 9 7 6 -1 9 9 7 ). In  1997 th e re fo re  th e  N o n g  W ai 
I rr ig a tio n  P ro jec t w as  ex p ec ted  to  reach  th e  m in im u m  o p era tio n  p e rio d  o f  30  y ea rs  a f te r  
an o th e r  8 y ea rs  ( re fe r  to  C h art 4-1). T his stu dy  th e re fo re  ad o p ts  8 y ea rs  as th e  
m in im u m  fu tu re  p ro jec t du ra tion , fo r the  ca lcu la tio n  o f  A v erag e  In c rem en ta l C o s t (A IC ) 
o f  N o n g  W ai I rr ig a tio n  w ater. T his s tu d y  em p lo y s  tw o  d isco u n t ra tes, 12 %  and  10 % . 
12 %  is th e  ra te  th a t R ID  n o rm ally  u ses  in its reg u la r  an a ly s is . 10 %  is c lo se r  to
10.5 %  w h ich  is th e  ra te  o ften  used  in p ro jec ts  re flec tin g  lo w e r d isco u n t ra te s  a f te r  th e  
rec e n t e co n o m ic  and  finan c ia l c ris is  in th e  country .

C h a rt 4-1 F u tu re  P ro jec t D u ra tio n  (t)

m in im u m  30  years  o f  o p e ra tio n
22  y ea rs  in op e ra tio n

1976 1997 2005

The report presents eight scenarios of tile constr uction cost recovery period: 10 year repayment period with 2 or 5 
year grace period; 15 year repayment period with 2 or 5 year grace period; and 25 year repayment period with 2 or 
5 year grace period. Tire longest recovery period suggested is 30 years (25 years for repayment plus 5 year grace 
period).
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4 .2  Increm ental Investm ent Cost
T h e  in c rem en ta l in v es tm en t cost in the  case o f  N o n g  W ai I rr ig a tio n  is th e  

in v e s tm e n t fo r  im p ro v in g  th e  irrig a tio n  system . R ID  N o n g  W ai P ro je c t O ffice  d ra fts  a 
f iv e  y e a r  w o rk p lan  fo r irrig a tio n  system  im p ro v em en t, and su b m its  it to  th e  reg io n a l 
o ffice  and  th e  cen tra l o ffice  o f  R ID  fo r b u d g e t app roval. A cc o rd in g  to  th e  w o rk p lan  
fo r  1 9 9 8 -2 0 0 2  (re fe r to  T able A - l) ,  th e  b u d g e t o f  sy stem  im p ro v e m e n t in c lu d es  th e  
fo llo w in g  co m p o n e n ts :

1. Im p ro v e m e n t o f  cana ls
2. Im p ro v e m e n t o f  w a te r  con tro l fac ility
3. Im p ro v e m e n t o f  d ra in ag e  system
4. C o n s tru c tio n  o f  d itch es
5. Im p ro v e m e n t o f  d itch es
6. In s ta lla tio n  o f  d ra in ag e  capstan
7. In s ta lla tio n  o f  e lec tric ity  g ea r  and  m o to r
8. In s ta lla tio n  o f  e lec tric ity  system
9. C o n s tru c tio n  o f  w o rk h o u se  and o thers
10. R o ad s  and  signs
11. C o n s tr ic tio n  o f  a cco m m o d a tio n

F o r  th e  p u rp o se  o f  c a lcu la tin g  AIC fo r irriga tion  w ater, th e  s tu d y  p ro p o se s  two 
o p tio n s  o f  in c rem en ta l co s ts  regard in g  sy stem  im p ro v em en t. O ne o p tio n  in c lu d es  the 
c o s ts  o f  sy s tem  im p ro v em en t d irec tly  re la ted  to  w a te r  d e liv e ry  a t all lev e ls  o f  the 
irrig a tio n  system . T he  o th e r o p tion  in c lu d es  the  cost o f  sy s tem  im p ro v e m e n t d irec tly  
re la ted  to  w a te r  d e liv e ry  o n ly  at th e  farm  level.

T he  f irs t o p tio n  co v ers  th e  fo llo w in g  8 item s ou t o f  th e  11 item s lis te d  in  the 
w o rk p lan .

1. Im p ro v e m e n t o f  cana ls
2. Im p ro v e m e n t o f  w a te r  con tro l fac ility
3. Im p ro v e m e n t o f  d ra in ag e  system
4. C o n s tru c tio n  o f  d itch es
5. Im p ro v e m e n t o f  d itch es
6. In s ta lm e n t o f  d ra in ag e  capstan
7. In s ta lm e n t o f  e lec tric ity  g e a r  and m o to r
8. In s ta lm e n t o f  e lec tric ity  system

T h e  an n u a l b u d g e t fo r th e  year 20 0 3 , 2004  and 2005  w as e s tim a te d  fo r  each of 
the 8 se lec ted  item s b a sed  on  th e  b u d g e t a llo ca tio n  w ith in  th e  p e r io d  of 1998-2002 in 
the five  y ea r  plan . A s sho w n  in th e  T ab le  A -2, on ly  c o n s tru c tio n  of ditches and 
im p ro v e m e n t o f  d itch es  are  likely  to  c o n tin u e  a fte r 20 02 . T h e  o th e r  6 items have 
n eg a tiv e  e s tim a te  f ig u res  fo r  years  b ey o n d  2002  based  o n  th e  d e c lin in g  b u d g e t
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a llo ca tio n  to w a rd s  th e  end o f  th e  five  y ea r  plan , in d ica tin g  th a t th o se  6 item s o f  sy s tem  
im p ro v e m e n t a re  likely  to  f in ish  by 2002 ,

T h e  secon d  op tion  o f  th e  in c rem en ta l in v estm en t co s t in c lu d es  o n ly  2 item s o f  
th e  fa rm  lev el sy stem  im p ro v em en t cost, nam ely  co n s tru c tio n  o f  d itc h e s  and  
im p ro v e m e n t o f  d itches. B ased  on th e  five  year w o rk  p lan  and  p ro je c tio n  fo r 
ad d itio n a l th re e  y ea rs  a fte r the  five  y ea r  p erio d , th o se  2 item s b o th  are  ex p e c te d  to  
rec e iv e  m o re  o r  less th e  sam e level o f  th e  ann ual b u d g e t th ro u g h o u t th e  p e rio d  b e tw e e n  
1998 and  20 05  (re fe r to  T able A -3).

Environmental cost
R ID  N o n g  W ai P ro jec t O ffice  c o n d u c ts  perio d ica l su rv ey s  o f  ir rig a tio n  w a te r  

ev e ry  3 -4  m on ths. T he  su rv ey  co v ers  w a te r  salinity , w a te r  p o llu tio n  and  g ro u n d  w a te r  
level. T h e  1997 A nnual R e p o rt o f  N o n g  W ai I rr ig a tio n  P ro jec t sh o w s th e  w a te r  in th e  
p ro jec t a rea  to  be in g o o d  con d itio n . A  o ffic ia l at th e  R ID  reg io na l o ffic e  in K h on  
K aen  p ro v in c e  assu red  th a t N o n g  W ai I rr ig a tio n  area  has no t ex p erien ced  w a te r  salinity , 
w h ich  is ra th e r  co m m o n  in th e  N o rth e a s t reg ion . N o n g  W ai Irr ig a tio n  P ro je c t d o es  n o t 
a llo ca te  a sp ec ific  b u d g e t to  co v er the  en v iro n m en ta l co st, bu t th e  im p ro v e m e n t o f  
d ra in ag e  sy stem  m en tion ed  in th e  sy stem  im p ro v em en t co s t can  be  in te rp re te d  as an  
in v e s tm e n t in w a s te w a te r  tre a tm en t as p a rt o f  th e  e ffo rt fo r en v iro n m en ta l im p ro v em en t.

4 .3  Increm ental Operation and M aintenance Cost
P JD  is re sp o n s ib le  fo r the  o p e ra tio n  and m a in ten an ce  o f  th e  p rim ary  and  

seco n d a ry  level o f  irrig a tio n  cana ls  and o th e r  fac ilitie s  o f  N o n g  W ai I rr ig a tio n . T h e  
an n u a l o p e ra tio n  and m a in ten an ce  co st o f  N o n g  Wai Irr ig a tio n  P ro je c t b o rn  by  R ID  is 
co m p rised  o f  th e  fo llo w in g  co m p o n en ts :

•  M an a g e m e n t cost ( in c lu d in g  sa la ry  o f  R ID  p ro jec t o ffice  staff)
•  M a in te n a n c e  cost
•  R e h ab ilita tio n  cost
•  O th ers
•  C o s t o f  m a in ten an ce  and im p ro v em en t o f  the  p ro jec t

R ID  d o es  no t m ake a long  te rm  w o rk p lan  fo r o p e ra tio n  and  m a in te n a n c e  o f  
N o n g  W ai Irrig a tio n . In s tead  th e  R ID  p ro jec t o ffice  req u es ts  b u d g e t fo r  o p e ra tio n  and  
m a n a g e m e n t annually . T h e  reco rd  o f  th e  o p era tio n  and  m a in te n a n c e  c o s t fo r  th e  p a s t 
te n  y ea rs  sh o w s th a t the  annual co s t o f  th e  o p e ra tio n  and  m a in ten an ce  o f  N o n g  W ai 
I r r ig a tio n  w as h ig h e r in som e y ears  and  lo w er in o th e r y ears  ( re fe r  to  T ab le  A -4 ). T h e  
g en e ra l tren d  o f  th e  o p e ra tio n  and m a in ten an ce  co st d o es  n o t seem  to  c o rre sp o n d  to  th e  
in c re a se /d e c re a se  in irrig a tio n  w a te r  delivery . It is q u ite  u n c e rta in  h o w  th e  o p e ra tio n  
and  m a in te n a n c e  co st w ill c h an g e  in th e  fu tu re  years , and  it m ay  n o t in c rea se  in 
p ro p o rtio n  to  th e  g ro w th  in w a te r  delivery . T h is  study, th e re fo re , w ill n o t c o n s id e r
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in c rem en ta l o p e ra tio n  and  m a in ten an ce  co st as one  o f  th e  co s t c o m p o n e n ts  u se d  fo r  th e  
ca lcu la tio n  o f  A1C o f  N o n g  W ai irrig a tio n  w ater.

O p e ra tio n  and  m a in ten an ce  o f  th e  farm  level irrig a tio n  d itch es  is  ta k e n  c a re  o f  
by  fa rm ers  w h o  b en efit fro m  N o n g  W ai Irriga tion . A cc o rd in g  to  th e  p ro je c t fe a s ib ility  
s tu d y  and  o th e r  p ro jec t re la ted  d o cum en ts , fa rm ers  in th e  ta rg e t a re a  o f  N o n g  W ai 
Irr ig a tio n  a re  d iv id ed  in to  w a te r  use rs  g ro u p s  th a t w o u ld  co lle c t w a te r  c h a rg e s  f ro m  
fa rm ers . T h e  co lle c te d  fees are  to  be sen t to  N o n g  W ai A g ric u ltu ra l C o o p e ra tiv e  
w h ich  o v e rsee s  o p e ra tio n  and  m a in ten an ce  o f  N o n g  W ai I rr ig a tio n  at th e  fa rm  lev e l.

A c c o rd in g  to  th e  f in an ce  sec tion  o f  N o n g  W ai A g ricu ltu ra l C o o p e ra tiv e , 
ho w ev er, it w a s  v e ry  d iff icu lt to  co llec t w a te r  fees fro m  fa rm ers , and  th e  c o o p e ra tiv e  has 
p rac tic a lly  s to p p ed  w a te r  fee co llec tio n  since  ten  y ea rs  ago . T en  y e a rs  ag o , th e  
c o o p e ra tiv e  co lle c te d  30  bah t p er rai o f  pad d y  fie ld  as w a te r  ch a rg e  f ro m  fa rm ers . 
A fte r  w a te r  ch a rg e  w as  s to p p ed , fa rm ers  m ain ta in ed  irrig a tio n  d itch es  in  th e ir  a reas  
ind iv id ually . T h a t is, th e  co st o f  o p era tio n  and  m a in ten an ce  o f  N o n g  W ai I r r ig a t io n  at 
th e  farm  lev el is b o rn  by fa rm ers  b en e fitin g  from  irrig a tio n  w a te r  th e m se lv e s . T h is  
study, th e re fo re , w ill n o t cou n t th e  o p era tio n  and  m a in ten an ce  co s t at th e  fa rm  lev e l in to  
ca lcu la tio n  o f  A IC  o f  N o n g  W ai irrig a tio n  w ater.

4 .4  Increm ental Volume o f Water
T he  1997 A n n u a l R ep o rt o f  N o n g  Wai Irrig a tio n  P ro je c t p ro v id es  th e  re c o rd  o f  

an n u a l w a te r  d e liv e ry  fro m  N o n g  W ai Irrig a tio n  H e a d w o rk  C o m p o u n d  f ro m  1979 to  
1997 (T ab le A -5 ). T h e  reco rd  sep ara tes  th e  am o u n t o f  w a te r  d e liv e ry  fo r  ra in y  se a so n  
and  fo r  dry seaso n . T h e  reco rd  fo r bo th  rainy season  and d ry  sea so n  fo r  th e  p a s t 22  
y ea rs  sh o w s th e  o v e ra ll tren d  o f  in c rease  in w a te r  delivery . B ased  o n  th e  p a s t re c o rd , 
th e  annual w a te r  d e liv e ry  o f  N o n g  W ai I rr ig a tio n  fo r th e  fu tu re  y ea rs  w a s  e s tim a te d  fo r  
ra in y  seaso n  and  d ry  sea so n  (T ab le  A -6). T he d iffe ren ce  b e tw e e n  th e  e s tim a te d  f ig u re  
fo r  a  fu tu re  y e a r  and th e  re co rd ed  figu re  fo r 1997 is th e  in c rem en ta l a m o u n t o f  ir r ig a tio n  
w a te r  u sed  in th e  A IC  c a lcu la tio n  (T able A -7).

4 .5  O pportunity Cost o f Water
In  ra in y  seaso n , w a te r  from  N o n g  W ai I rr ig a tio n  p ro v id ed  fo r  a g r ic u ltu re  is 

so le ly  u sed  fo r  p ad d y  c ro p p in g . In con trast, in dry seaso n  a sm all p o rtio n  o f  ir r ig a tio n  
w a te r  is u sed  fo r  g ro w in g  o th e r g ra in s and v eg e tab les  b e s id e s  paddy . T h e  fo rg o n e  
b e n e fit o f  th e  in c re m e n ta l am o u n t o f  d ry  seaso n  irrig a tio n  w a te r  w h en  it w a s  u se d  fo r  
g ro w in g  o th e r  c ro p s  th an  p ad d y  can  be v iew ed  as th e  o p p o rtu n ity  c o s t o f  in c re m e n ta l 
am o u n t o f  w ate r. T h is  v a lu e  IS in c lu d ed  as a co st co m p o n e n t to  A IC  c a lc u la t io n  fo r  
d ry  season .
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In  o rd e r  to  c a lcu la te  th e  o p p o rtu n ity  co st o f  in c rem en ta l a m o u n t o f  ir r ig a tio n  
w a te r  in d ry  seaso n , th is  s tu d y  has cho sen  soy bean  as an  a lte rn a tiv e  c ro p  to  paddy . 
S o y b ean  is o n e  o f  p o p u la r  cash  c ro p s  g ro w n  in th e  p ro jec t a rea . In th eo ry , the 
o p p o rtu n ity  co s t sho u ld  be  c a lcu la ted  based  on  th e  m ark e t p rice  o f  so y b e a n  an d  the 
m ark e t p rice  o f  p ro d u c tio n  in pu ts  u sed  to  g ro w  soybean . In th is  p a r t ic u la r  c a se  o f  
so y b ean  p ro d u c tio n  in T h a ilan d , b o th  the  fa rm e rs ’ se llin g  p rice  o f  so y b e a n , and  
p ro d u c tio n  in p u ts  such  as fe rtilise r  and  p estic id es , are  lik e ly  to  b e  su b s id ise d  by th e  
g o v e rn m e n t in v a r io u s  fo rm s. It is th en  very  d iff icu lt to  e s tim a te  th e  rea l n e t b e n e f i t  o f  
g ro w in g  so y b ean . M o reo v e r, th e  real net ben efit cou ld  b e  p o ss ib ly  a  n e g a tiv e  f ig u re  
g iv e n  fa llin g  p r ice s  o f  a g r icu ltu ra l p ro d u c ts  and, on  th e  o th e r hand, in c re a s in g  p r ic e s  o f  
a g ricu ltu ra l in pu ts.

A s an a lte rn a tiv e  to  th e  real net benefit, th is  s tu d y  u ses  fa rm e rs ’ re c e iv in g  
b en e fit o f  g ro w in g  so y b ean  as th e  o p p o rtu n ity  co s t o f  w ater. W h ile  th e  re c e iv in g  
b en efit f ig u re  is d is to r te d  by  sub sid ies , it is th e  actual c o n ce rn  o f  fa rm e rs  in  d e c id in g  
w h a t c ro p  to  grow . T h e  o p p o rtu n ity  co st o f  w ater, or th e  net b en e fit o f  o n e  c u b ic  m e te r  
o f  w a te r  u sed  in so y b ean  p ro d u c tio n  is ca lcu la ted  as fo llow s.

av e rag e  y ie ld  (k g /ra i)  X [ fa rm e rs ’ se llin g  p rice  (b ah t/k g ) -  p ro d u c tio n  c o s t (b a h t/k g )]

irrig a tio n  w a te r  req u irem en t (m 3/ra i)

A v e ra g e  y ie ld :
A cc o rd in g  to  th e  tab le  below , th e  average  y ie ld  o f  so y b ean  in  K h o n  K a e n  

P ro v in ce  in d ry  sea so n  (seco n d  c ro p ) is 216  kg/rai.



Table 4-1 Production of soybean in Khon Kaen Province and Northeastern Region of Thailand
P la n te d  A rea  (1 ,0 0 0  rai) P ro d u c tio n  (1 ,0 0 0  to n ) A v erag e  Y ield  (k g /ra i)

S o y b ean F irs t
C ro p

S econ d
C ro p

F irs t
C ro p

S eco n d
C ro p

T otal T otal F irs t
C ro p

S econ d
C ro p T otal

Khon Kaen 
Province 14,808 58 ,863 218 216 216 73,671 3 ,2 2 8 12 ,714 15 ,942
Northeast

Region 67,517 2 3 3 ,4 0 5 196 215 211 3 0 0 ,9 2 2 13,221 5 0 ,1 7 0 63 ,391

Source: Bank of Thailand Khon Kaen Branch, 1999
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Farmers’ selling rice:
N o n g  W ai A g ric u ltu re  C o o p e ra tiv e  has a b u sin ess  o f  b u y in g  fa rm  p ro d u c ts  from  

c o o p e ra tiv e  m e m b e rs  and  se llin g  th em  to  th e  m arket. S oy bean  is o n e  o f  th e  c ro p s  th e  
c o o p e ra tiv e  b u y s . T h e  1997 A n nu al R ep o rt o f  N o n g  W ai A g ric u ltu ra l C o o p e ra tiv e  
re p o r ts  th e  p u rc h a se  o f  rice  and  so y b ean  from  co o p era tiv e  m em b ers  as  sh o w n  in th e  
table below . I t  sh o w s th a t th e  co o p e ra tiv e  b o u g h t 81 ,933  kg  o f  so y b e a n  fo r  9 4 8 ,6 1 8  
baht, th a t is, th e  fa rm e rs ’ se llin g  p rice  w as a roun d  8.63 b ah t/k g  on  av e rag e . T h e  stu dy  
a d o p ts  8.63 b a h t/k g  as th e  fa rm e rs ’ se llin g  p rice  fo r soybean .

T ab le  4 -2  F a rm e rs ’ se llin g  p rice  o f  rice  and soy bean

A m o u n t (kg) S u m  (b ah t)
U n p o lish e d  rice 1 ,013 ,140 4 ,4 6 1 ,7 3 6

S o y b ean 51 ,702 4 4 6 ,2 3 6
B u s in e ss  d e v e lo p m e n t 

p ro jec t rice 269 ,233 1 ,5 9 5 ,4 0 0
S o u rce : 1997 A n n u a l R e p o rt o f  N o n g  W ai A g ricu ltu ra l C o o p e ra tiv e

Production cost:
T h e  ta b le  b e lo w  sh o w s th a t th e  av e rag e  p ro d u c tio n  co s t o f  so y b ean  is 7 .1 2  b ah t 

p e r  k g  o f  so y b ean  p ro d u ced .

T ab le  4-3 P ro d u c tio n  co s t fo r soy bean

V ariab le  C ost 
(b ah t/ra i)

F ix ed  C ost 
(b ah t/ra i)

T otal C o s t 
(b ah t/ra i)

A v erag e  C o s t 
(b ah t/k g )

S o y b ean 1,350 .13 159.32 1,509 .45 7 .12
S o u rce : O ffice  o f  A g ricu ltu ra E co n o m ics , M in is try  o f  A g ricu ltu re  an d  C o o p e ra tiv e s ,

1999

Irrigation water requirement:
R ID  ca lc u la te s  c ro p  w a te r  y ie ld  fo r  in d iv id ual c ro p s  fo r  each  p ro v in ce . 

A c c o rd in g  to  th e  cro p  w a te r  y ie ld  ta b le  fo r  K h o n  K aen  P ro v in c e  (T ab le  A -8 ), so y b ean  
re q u ire s  6 9 0 .0 6  m 3 o f  w a te r  p e r  rai th ro u g h o u t its c rop  life o f  100 day s. E ffe c tiv e  
ra in fa ll is m in im al d u rin g  d ry  season , so fo r the  sake o f  co n v e n ie n c e  ra in fa ll w ill n o t be  
co n s id e re d . I rr ig a tio n  e ffic ien cy  is e s tim ated  to  be 60 -75  %  d u rin g  d ry  seaso n . In  
o th e r  w o rd s , 2 5 -4 0  %  o f  irrig a tio n  w a te r  is lo st b e fo re  reach in g  c ro p s  in th e  fie ld . I f  
u s in g  60  %  as ir rig a tio n  effic iency , irrig a tio n  w a te r  req u irem en t fo r  so y b ean  c ro p p in g  
p e r  rai d u rin g  d ry  sea so n  is ca lcu la ted  to  be 69 0 .0 6  m 3 /  0 .6 , o r  1150.1 m 3. T h is  f ig u re  
w ill b e  u sed  as irrig a tio n  w a te r  req u irem en t fo r  soybean . A p p ly in g  th e  a b o v e  f ig u re  
fo r  each  c o m p o n e n t o f  th e  fo rm u la , th e  o p p o rtu n ity  co s t o f  o n e  cu b ic  m e te r  o f  irrig a tio n  
w a te r  can  b e  d e riv ed  as fo llow s.
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av erag e  y ie ld  (k g /ra i)  X [ fa rm e rs ’ se llin g  p rice  (bah t/kg ) -  production cost (baht/kg)] / 
irrig a tio n  w a te r  req u irem en t (ทา3/ra i)  =  [216 kg /ra i X 1.51 b ah t/k g ] /  1150.1 mVrai =  0.28 
b a h t/ ทา3.

T h e  ta b le  b e lo w  co m p a re s  th e  net b en e fit and th e  opportunity cost of water for 
secon d  rice  (d ry  seaso n ) and soybean . It sh o w s th a t secon d  rice  b r in g s  n e t income for 
fa rm ers  n early  th re e  tim es h ig h e r than  soy bean , w h ich  is lik e ly  to be the main reason for 
fa rm ers  to  g ro w  rice  ra th e r  th an  so y b ean  in d ry  season . T h is high n e t benefit makes 
the o p p o rtu n ity  co s t o f  w a te r  fo r  rice h ig h e r th an  th a t fo r soy bean , despite twice higher 
w a te r  req u irem en t fo r rice co m p ared  to  soybean .



Table 4-4 Opportunity cost of water for soybean and second rice
V ariab le C o s t 

(b ah t/ra i)
F ix ed  C o s t 
(b ah t/ra i)

T o ta lC o s t
(b ah t/ra i);

A v erag e  C o s t 
(b a h t/k g )

F a rm  P ric e  
(b ah t/k g )

N e t B en e fit 
(B a h t/k g )

Y ield
(kg /ra i)

N e t B e n e fit 
(b ah t/ra i)

S o y b ean 1350.13 159 .32 1509.45 7 .12 8.63 1.51 216 32 6 .1 6
S eco n d  R ice 1421.03 190.13 1611 .16 3 .4 0 6 4 .6 3 7 1.231 610 1 750.91

N e t B en efit 
(b ah t/ra i)

W ater
R e q u ire m e n t

(m 3 /ra i)

O p p o rtu n ity  
C o s t o f  W ater 

(b ah t/m 3 )
S oy bean 326 .16 1022.31 0 .3 1 9 0 4 2 1 6 9

S econ d  R ice 750.91 2500* 0 .3 0 0 3 6 4
In fo rm a tio n  on v ariab le , f ix ed , to ta l and  a v e ra g e  co st ad o p ted  fro m  d a ta  p ro v id ed  by T he  O ffice  o f  A g ricu ltu ra l E co n o m ics , M in is try  o f  
A g ric u ltu re  and C o o p e ra tiv e s”
* F ig u re  u sed  by R ID  N o n g  W ai P ro je c t O ffice

S ou rce : O ffice  o f  A g ricu lti ral E c o n o m ic s , M in is try  o f  A g ric u ltu re  and  C o o p e ra tiv e s , 1999

‘ Data were taken from the homepage of the Office of Agricultural Economics, http:// oae.hpcc.nectec.or.th
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A v e ra g e  I n c r e m e n ta l  C o s t  o f  I r r ig a t io n  W a te r
U s in g  th e  in fo rm a tio n  m en tio n ed  abo ve , A IC  o f  N o n g  W ai I r r ig a tio n  w a te r  w a s  

ca lc u la te d  at tw o  d iffe re n t levels: one  w ith  th e  system  im p ro v e m e n t c o s t only , an d  th e  
o th e r  w ith  th e  sy s te m  im p ro v e m e n t co st and the  o p p o rtu n ity  c o s t o f  w ater. A IC  o f  
ir r ig a tio n  w a te r  w ith  th e  sy stem  im p ro v em en t cost on ly  is a p p lic a b le  to  b o th  ra iny  
sea so n  and  d ry  seaso n . O n  th e  o th e r hand, A IC  w ith  th e  o p p o rtu n ity  c o s t o f  w a te r  in 
ad d itio n  to  th e  sy s tem  im p ro v e m e n t co st is ap p licab le  o n ly  to  d ry  sea so n  w h e n  fa rm ers  
g ro w  o th e r  c ro p s  th an  rice  u s in g  irriga tion .

T ab le  4 -5  A IC  o f  N o n g  W ai Irr ig a tio n  w a te r

O p tio n  1: Full sy s tem  im p ro v em en t cost

In te re s t ra te 2 (11+Rt-R0) / ( l+ r ) 1 ร (QrQoVO+r)1 A IC

W ith o u t o p p o rtu n ity  co st o f  w a te r
1 0 % 5 1 3 8 2 1 3 .3 4 6 3 4 5 6 7 9 5 .8 9 5 1.486
1 2 % 4 2 8 3 9 9 0 .8 0 4 2841811 961 1.507

W ith  o p p o rtu n ity  c o s t o f  w a te r
1 0 % 6 1 1 9 9 4 3 .3 8 2 3 4 5 6 7 9 5 .8 9 5 1.770
1 2 % 5091 06 5  401 28 41 8 1 1 .9 6 1 1.791

O p tio n  2: F a rm  lev e l sy s tem  im p ro v e m e n t cost

In te re s t ra te 2  (1 1+Rt-R 0) / ( l + r ) 1 2  (Qt-Q 0) /  ( l + r )  * A IC

W ith o u t o p p o rtu n ity  c o s t o f  w a te r
1 0 % 8 1 2 9 8 1 .2 5 8 5 3 4 5 6 7 9 5 .8 9 5 0 .235
1 2 % 6 7 7 7 1 8 .7 0 8 5 2 8 4 1 81 1 .9 61 0 23 8

W ith  o p p o rtu n ity  c o s t o f  w a te r
1 0 % 17 94711 .294 3 4 5 6 7 9 5 .8 9 5 0 .5 1 9
1 2 % 1484793 306 28 4 1 8 1 1 .9 6 1 0 .5 2 2

S ou rce : c a lc u la tio n  o f  A v erag e  In c rem en ta l C o st

T h e  o ffic ia l ir rig a tio n  w a te r  req u irem en t o f  p ad d y  u sed  by  th e  R ID  N o n g  W ai 
P ro je c t O ffice  is 1 ,600  m 3/ra i fo r  ra iny  seaso n  and 2 ,5 0 0  m Vrai fo r  d ry  seaso n . U sin g  
th e se  o ffic ia l f ig u re s , th e  e s tim a te  co st o f  w a te r  fo r each o p tio n  o f  A IC  fo r  ra in y /d ry  
sea so n  can  be  d e r iv ed  as fo llo w s.
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T able  4 -6  E s tim a te  co s t o f  irrig a tio n  w a te r

In te re s t
R a te

Im p ro v e m e n t
C o s t

O p p o rtu n ity
C o st

A IC

(b ah t/m 3 )

R a in y  S easo n  
C o s t o f  W ater 

(b ah t/ra i)

D ry  S easo n  
C o s t o f  W ate r 

(b ah t/ra i)
10% full co s t w ith o u t 1.486 2 3 7 7 .6 3715
12% full co s t w ith o u t 1.507 24 1 1 .2 3 7 6 7 .5
10% full co s t w ith 1.77 44 25
12% full co s t W ith 1.791 4 4 7 7 .5
10% farm  level W ith o u t 0 .235 376 587.5
12% farm  level W ith o u t 0 .238 38 0 .8 595
10% farm  level w ith 0 519 1297.5
12% farm  level w ith 0 522 1305

S ou rce : ca cu la tio n  o f  A v erag e  In c rem en ta l C o st

F o r  ra in y  seaso n , th e  e s tim a te  co st o f  w a te r ranges fro m  37 6  to  2 4 1 1 .2  b ah t p e r  
rai o f  p ad d y  fie ld . F o r  d ry  seaso n , on  the  o th e r hand, th e  e s tim a te  c o s t is 58 7 .5  b a h t at 
th e  lo w es t and 4 4 7 7 .5  b ah t at th e  h ig h est. I f  these A IC  fig u res  are  c o m p a re d  to  th e  n e t 
b en e fit fro m  g ro w in g  paddy , 189 .336  bah t/ra i fo r m ajo r rice  (ra in y  sea so n ) and  75 0 .9 1  
b ah t/ra i (d ry  seaso n ) as sh o w n  in th e  tab le  below , th e  e s tim a te  co s t o f  w a te r  in m o st 
cases  ex ce ed s  th e  net b en e fit. In  o th e r w o rd s, it is n o t rea lis tic  fo r  fa rm ers  to  b e a r  
100%  o f  th e  e s tim a te  c o s t o f  w a te r, becau se  th e ir  in com e fro m  g ro w in g  rice  is lo w e r 
th an  th e  full c o s t o f  w ater.

T able  4 -7  N e t b en e fit fro m  so y b ean  and  rice  p rod uc tion

V ariab le  C o s t 
(b ah t/ra i)

F ix ed  C o st 
(b ah t/ra i)

Total C o st 
(bah t/ra i)

A v erag e  C o s t 
(b ah t/k g )

S o y b ean 1350 .13 159.32 1509.45 7 .12
S eco n d  R ice 1421 .03 190 13 1611.16 3 .406
M a jo r  R ice 10 67 .79 189.96 1257.75 4 .9 9

A v erag e  C o s t 
(b a h t/k g )

F arm  P rice  
(b ah t/k g )

N e t B enefit 
(B ah t/kg )

Y ield
(kg /ra i)

N e t  B e n e fit 
(b a h t/ra i)

S o y b ean 7 .1 2 8.63 1.51 1 216 3 2 6 .1 6
S eco n d  R ice 3 .4 0 6 4 .6 3 7 1.231 610 750.91
M a jo r  R ice 4 .9 9 5 .634 0 .644 294 189.336

In fo rm a tio n  on  v a r ia b le , f ix ed , to ta l and  av e rag e  co s t ad o p ted  fro m  d a ta  p ro v id e d  b y  
T h e  O ffice  o f  A g ric u ltu ra l E c o n o m ic s , M in is try  o f  A g ricu ltu re  and  C oopera tives*  
S ou rce : O ffice  o f  A g ricu ltu ra l E co n o m ic s , M in istry  o f  A g ricu ltu re  an d  C o o p e ra tiv e s ,

1999

" Data were taken from the homepage of tire Office of Agricultural Economics, http://oae.hpcc.nectec.or.th

http://oae.hpcc.nectec.or.th
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T h e re  are  tw o  exceptional cases w h ere  AIC is a c tu a lly  lo w e r than the net 
b en e fit o f  g ro w in g  rice: the  option w ith  the  farm  level sy s tem  im p ro v em en t cost and no 
o p p o rtu n ity  co s t o f  w a te r  when applied to  dry seaso n  p ad d y  p ro d u c tio n  w ith  the interest 
ra te  o f  10 and 12 %. AIC figu res are 587 .5  bah t/ra i w ith  10 %  in te res t rate, and 595 
b a h t/ra i w ith  12 %  in te res t rate , w h ich  are  lo w er th an  750.91 b a th /ra i, the net benefit 
fro m  seco n d  rice  p ro d u c tio n  in dry season . E ven  in  th e se  cases, th e  e s tim a te  cost of 
w a te r  w o u ld  tak e  th e  m a jo r p o rtio n , n early  80 % , o f  th e  ne t b en e fit of rice production. 
O n e  co n c lu s io n  d e riv ed  from  th is AIC ca lcu la tio n  is th a t th e  full c o s t of irrigation water 
is too h igh  to  be bo rn  by fa rm ers  g iv en  re la tiv e ly  lo w  p ro d u c tiv ity  of paddy cropping.
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