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Economic Evaluation of Water Control in

the Greater Chao Phya Project of Thailand*

Leslie E. Small T

The Greater Chao Phya project is the lngest water contiol projedt in
Thailand, encompassing a total ol 910,000 hectares. First proposed early in
the 20th century, the projear became a reality during the 19505 and
carly 1960s. It was originally constiucted to “stabilize” wetseason rice
production by reducing the frequenay and severity of diamage caused
by excessive dlooding o drousht. With the subsequent canstiuction
ol two upstreinm storage dinns (Bhumiphol and Sivikit), the govern-
ment hoped toinaease production during the div season. In recent
vears, disappointment with the vate of expansion of divseason praduction
has led to criticisms of the project.

Objectives of the Study

In spite ol the controversy surtounding the project,. no swstematic
inmvestigation o1 the costs and benefits lus been made. The  fis
objective of 1le stdy, therelore, was to estimate the rate of return to
the existing ivvestment in water control adilities in the project area.
Since the swwime i designed primanily o inaease agriculunal pro-
duction, the ey duation was confined 10 an analwsis ol the effeas ot the
project on the o ca planted 1o crops gmainiy vice)y and on average vields.

A numbaer oF proposals tor improvements in the swstem have been
olfered in recem vems, Some ol these proposed changes would require
Fuge addivonal incestmenis. A second objective of the study was
to identily ahermative approaches for improving the swsem and 1o
evaluate these alternatives 1o provide some basis Tor vanking them with
respect to potential gains in velation to costs.

* The vesearch summanized in this article was underzahen as a joint project between
the Department of Agricultural Economics of the New York State College of Agricul-
ture and Life Scicnces at Cornell University and the Facalty of Eeonomics angd Business
Administration at Kasetsart University in Bangkok.,

1 Former waduate student, Department of Agricultural Feonomics, New York State
College of Agriculture and Life Sciences, Cornell University. Now assistant professor,
Department of - Agricultural - Industries, Souathern Hlinois  University,  Carbondale,
Llinois.
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Project Area

The analysis is based on that part of the Greater Chao Phya project
which is served by the networls of distribution canals which are fed by
the Chao Phya diversion dam at Chainat. This area (hereafter re-
ferred to as the project areal) -overs approximately 660,000 hectares,
of which voughlv 600,000 hectares are planted to rice during the wet
season. The southern portion of the Greater Chao Phya project (con-
sisting of about 250,000 hectares in the West Bank and Chiangrak-
Khlong Dan tacsy was built before 1950, Since this area does not
benefit directly from the dam at Chainar, it has been excluded from
the study.

Although vice is the only signiticant crop grown, the project area is

not a homogencous agriculowral region. In some places rice is arans
planted on Hiclds where vainfall is the only source of water. In other
places, floating varicties of rice are planted by broadeasting the sced
on fields that tlood 10 a depth of 2 to 5 meters. To identily and
measure the total effeas ol the water control svstem. it was first
necesiry to - deal with the problems crused by this heterogeneity of
agricaltural conditions. The project area was therefore divided into
six “agronomic” regions, cach of which iy relatively hamogeneous in
terms of major agricultwal  chiwaceristics.. The Loundaries of the
regions are shown in figuwre 1 Information on wetscason vice produc-
tion i cach of the regions is presented in table 1. The distinguishing
chivacteristics of cach region are as follows:
T U The project area is made up of the following 16 sub-projects: Pholathep, Tha Bot,
Sam Chuk, Sam Chuk Exwension, I'ho Phrava, Boromathar, Channasut, Yang Mani,
Phak Hai, Maharat, Noi-Maharat Extension, Manorom, Chong Khae, Khok Krathiam,
Roeng Rang. and Nakhon Luang.

Table 1. Agronomic regions of project arca

. . . Percent Avg percent Avg.vield

.\fl.'“-”“”_m ! ““”. ree vice arei 1};((! il:‘(‘;l l!lli;.‘?-i;)lil!l

CRIons ared broadoist harvested thary. area)
hectares hg/ha
NW o 109,000 RN Hil 24470
Wi 40,000 3 07 2240
Wiy oo 83,000 47 47 2,190
S 152,000 o ) 2170
CB oo 1-49.000 92 a0 1,860
Lo 61,000 16 07 1040
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Figure 1. Agronomic regions of the projcct area.
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1. Northwest mixed transplant-broadcast rice region (NW ). This
region has a complex pattern of higher land, where transplanted rice
is grown, and lower aeas where the seed is broadcast. Average yields
are the highest of all the agronomic 1egions.

2. Western transplanted rice region (WT). Being a relatively high
area with little flooding, the rice here is almost entively transplanted.
Dry-season cropping is more important than in other regions.

3. Western transplanted rice transitional region (WTT). Thisis a
heterogencous region in which there is a gradual wansition from the
characteristies of the WT region to those of the GB and SF regions.

1. Southern floating rice region (5F). Floating varicties ol rice are
arown thhoughout this wmea because deep ooding occis every vear,
Average vields e the lowest of all the agronomic regions.

5. Central hroadeast rice region (€CB). Consisting of the Chao Phya
River and its [ood plain, most of the 1egion is Hooded deeply every vear.
Rice, olten of the Hoating varicties, is planted by broadcasting through-
out most of the wea. Yields show Inge fluctuations from vear to yvear.

6. Eastern transplanted rice region (ET). This region consists of
thase parts of the tece along the castern edge ol the Central Plain
that are included in the Greater Chao Phyva project. Most of the rice
grown on this teirace is tnansplanted,

Returns to Past Investments in Water Control

Benetits from water convrol tacilities have heen mainly in the form
of inceased tice production in the wet season, although some in-
crease in drvacason production ol rice and other aopy has ocanred
as well. Becuse  weather  conditions Gause  vear-toven fluctuations
in both vields and the area planted. it was difficult 10 iolate the
effects of the project from seasonal Tactors and enderhving treads thai
would have persisted in the absence of the project: however, an
attempt was made 10 measure separately the ettedts of the project on:

I. the wrea damaged by either excesive flooding o ivadequate
wiater,

2. the proportion of the area transplamed rvather than broadeast,

3. average vields and the vaiability ol vields from year 1o year,
and

1. the area planted o vice and other crops in the dry seison.

The estimated increment in total production atributable to water
control structures was then converted into value units hased on past
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and projected prices. Subsequently, estimates were made of the costs
associated with construrting and maintaining the water control facili-
ties and of the increments in fam costs attributable to changes in
production practices or the area planted as a result of better water con-
trol. Finally, rates of return o 1otal costs were calculated  using
conventional benefit /cost procedures,

Reduction in damaged area

One of the major purposes in constructing the Greater Chao Phya
project was to reduce the frequency and severity of aop failures
aaused by unfavorable weather conditions. Because variations in weather
conditions resalt in Targe annual fluctuations in the amount of dan-
aged mreas an atempr was made (o separate the effects of anv
random differences in weather conditions trom the cllects of the water
control - system.  Regression techniques were used o this purpose.
with the ellects of the water control ststem represented by oo zero-
one dummy variable. Observations o vears hefore the svstem was in
operation (19551961 were assiviied a vadue ol zero, while observae
tons for the vears 19621969 were given a value of one. This pro-
cedure made it possible 1o estimate statistically the vealtionships existing
before and after the svstem was completed. The weather variables
included in the analwsis were devived from rainfall observations in the
arca and from water flow measimrements on the Chao Phva River.

The analysis indicated that since the project was completed, the
proportion of the planted area that is left anhirvested has decreased,
However, this change is not aributable 1o differences in weather
between the betore and alier periods. T1 decrease in unhanvested
ared has heen concenuated in those regions that do not Hood deeply
(the NW, WT, WTT. and LT agronomic regions). Little or no
decrease in the extent of damage has occanred in the nearly 50 per-
cent of the project area that i deeply tlooded cach vear (the CB and
SF regions). For the entire project area, the aversge portion damaged
annually is estimated to have decreased by approximately 17.000 hectares.
Consequently, the average annual production is estimated 1o have in-
creased by about 38,000 1ons of paddy, which iy cquivalent o 3.3 percent
of total production in the Project aea (table 9).

Increase in area transplanted

The relationship between the method of planting and yields is a
complex one. Esneriments have demonstrated that  under certain
management conditions the method of planting has no significam
effect on yields. Under farm conditions, however, there is an obsery-
able relationship between the method of planting and vields.
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Table 2. Components of the estimated avevage annual increase in wet-season rice
production attributable to water control facilities

Fst.avg,
Source of inorease ann. inerease
(1000 metric T

Touwl ¢,
production®

Reduction in damaged oeir oo 37.6 4.3
Increase inarea transplanted oo HABY 2.0
Net increase in vielddy oo 106.7 0.3

Totl increment ..o 167.5 16

* Based on average annual production (1965-1964) of 1,150,000 metric tons.

t Computed as a residual after taking account of changes due to weather, increased
usc of fertilizer, pesticides and herbicides, and improved management.

In localities that are subject o deep flooding or rapidly rising
waters, mransplanting is Jikely 1o lead 1o a complete crop failure.
Under such conditions, farmers consider broadasting 1o be the only
feasible planting method. On the other hand. in areas where trans-
planted vice is not (ireatened  with destruction from deep flooding.
farmers generally peler 1o tansplant, since they expect higher vields
than il they hoadani. The veason lor the expected  higher vi~lds
appears to lie in the improved management conditions  (especially for
water and weed control) that the farmer is able 10 achieve in conjunc-
tion with transplanting.

The percentage of the project area planted by the broadeast method
declined from 78 percent before construction of the project to 62
percent in 19649, This represents a shift from  broadcast to trans-
planted rice of about 96,000 hectares. Part of this shift might be a-
wibuted 10 the inereased availability of labor  (from  population
growth) rather than to the improvement in water contral lacilities.
To test this hypothesis. disuicts Iving outside 1the project area were
examined. Although populatien there had grown, no changes in water
control had been intoduced. There was no significant decrease in
the preportion of the area planted by the E wst method in these
districts. Furthermore, in those districts within proje:t arca where
farmers have the option of choosing between broadcasting and trans.
planting, no significant relationship was found between the popula-
tion density and the proportion of the area planted by the broadcast
method. This evidence supports the conclusion that the change in the
size of the area transplanted was due almost entirely to the improve-
ment in water control.

No completely satisfactory method exists for estimating the in-
crease in production that vesulted from this change in the planting
method. In most of the data on production, no distincdon is made
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between broadcast and transplanted rice. Furthermore, there is no
guarantee that the average difference in yield between transplanted
and broadcast rice reflects the difference actually obtained on land
where the method of planting has chareed. But in the absence of any
better infermation, the average vield differentials, as estimated from
the limited data available, were used to calculate the effect on total
producticn. On the basis of these calculations, the shift from broad-
casting o transplanting is estimated to have increased average annual
production by about £3,000 tons (table 2).

Net increase in wet-scason rice yields

Improvements in  water conditions unquestionably  have led to
higher average viclds in the project area, but the magnitude of the
increase is extiemely difticult 1o measure. The procedure followed in
attempting 1o estimate the net effect of the project was to use time
series data to determine vends and 10 adjust vield estimates helore
and after the implementation of the scheme for differences due to
weather.® From these figures, deductions were made 1o reflect changes
in input use that did not appear 1o be related to improvements in
water control. Deductions were also made for the effects of the water
coutrol project on damaged area and on the planting method. Thus
this third elffea atributed 1o the project is, in fact, a residual not
accounted for by other varviables that could be expected 1o increase
vields in the absence of improved water control facilities.

Regression techniques were used 1o estimate the change in vields
in cach of the agronomic regions hetween 1951961 and 1962-1969,
abier allowing for any differences in weather conditions in the two
periods. The production effect of increasad fertilizer use was sub-
tracted [rom total production in the project area, since a comparison
of the growtl, rates « lertilizer used in the project area with those out-
side provided no e dence that ineveascd fertilizer use was atiributable
to better water contrei. \ similar proceds e was lollowed for the use of
pesticides and herbicides, alithowel use of these chemicals is so limited
that their effect on production is nearty negligible. Examination of the
data from an area not included in the project but with similar soils
and climate showed that yields have risen partly because of improved
management techniques. The magnitude of this eflect was also esti-
mated and subtracted from yield increases in the project area. Finally,
the increase in average vields that was implied by the change in the

* Time series data used were from the Ministry of Agriculture and based on reports
from village leaders. Although the system by which these data are generated has
deficiencies, detailed investigation indicated that they can be be used 10 analyze trends
in yields and are more reliable for this type of analysis than any available aliernative
data. For a fuller discussion of these points, sce Small (4:155-168).
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method of planting rice and by the decrease in damaged area was
subtracted, leaving a residual increase in yields that was attributed
to improvements in the water control system.

The estimated net inaease in five of the six regions ranged from
about 190 1o 310 kilograms of paddy per hectare. In the SF region
no improvement could he detected. For the entire project area, the
rise in the average annual production resulting from this nct increase
in yields was estimated to be 107,000 tons of paddy, or about two-thirds of
the total increment of approximately 168,000 tons in wet-scason production
that was attributable to the water control system (table 2).

Changes in dry-scason production

Analysis of the data on dryseason aop production indicates that
the water control system has been an important factor in the pro-
duction of only three crops: rice, sugarcane, and watermelons. Pro-
duction of crops such as vegetables and perennials has not increased
significantly, For field aops such as mung beans and peanuts, the
results of regression analysis indicate that production is related mainly
to the amount of rainlall that occurs during the dry season.

Although some dry-season vice has been irrigated by large pumps
belonging to the Ministy ol Interior, there has been a pronounced
enlargement of the arvea for dryseason vice that is produced with
water from the Greater Chiao Phya project. Partly because new, high-
yielding vice varieties became available.  production  rose  sharply
between 1970 and 1971, In 1971, the area of dry-season rice that was
dependent upon the water control system was estimated 1o be 9800
hectares. Most of this production took place in the WT agronomic region.

The water control system also supports the production o about
2100 hectares of sugarcane, located in the northeast corner of the WT
region, near the sugar mill at Sam Chuk. Because sugarcane occu-
pics the land throughout the year, it replaces wet-season rice, making
the net increase in the value of production much smaller than the
value of the sugarcanc crop. Dry-scason watermelon production in the
area near Sam Chuk has increased markedly in recent years. The planted
area rose from virtually zero in 1964 to 1600 hectares in 1969 and o
4500 hectares in 1970. This high leve! of production glutted the market,
with a consequent sharp fall in prices. As a result, the planted area
dropped to about 800 hectazes in 1971.

Increased costs associated with changes in production

Both the wet-season and the dry-season production cffects that have
been reviewed involve changes iu input use as well as changes in
output. These changes were estimated from budgets based on farm
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management  data obtained  from  several previous studies. Most  of
the changes involved the increased use of family labor, espedially for
transplanting and harvesting the rice. It was therefore necessary o
impute a value 1o family labor in order to calculate the incremental
effect of the water control project on costs ol production.

Additional labor was valued at its opportunity cost. In the wet
season, additional labor is required during the periods of peak
demand, when the opportunity cost is certainly positive. But because
rice is virtually the only «rop planted in the wet season. the oppor-
tunity cost ol this marginal labor is the rice production that would
have ocawrred had this labor been available for other tasks, such as
more timely transplanting. Thus, the rice not produced is the real cost
of such Tabor and since this is already relleaed in the total produc-
tion figure, it would be incorrect to make an additional adjustment
by imputing some positive monetary value to this additional labor.3

In the dry seasorr . different situation prevails, since alternative
opportunities for productive use of labor are limited. Considered
from the point of view of sodety as a whole, the opportunity cost
of Tabor in the dry season is close 1o sero. For this reason no charge
for either family o0 hired Libor was indwled as a cost of production
for drvseason crops.

Valuing net production effecta

Having estimated bueth the gross production effects ol the water
control system and  the changes in the cost of production associated
with these imcremental changes, the net benelits of the system can be
determined once the product wrices are known. The only difficulty
invelves the appropriate price to use for paddy. Because of an export
tax known as the “rice premium™, the price that farmers have received
for paddy is much lower 1han the value of paddy o Thaitand. Tt is
therefore necessay 1o adjust the paddy price upward 1o reflect he
fact that increased paddy production has resulted in additional gov-
ernment revenue. I there were no marketing costs, the appropriate
price to use would be one rellecting the full value ol the exported
rice, Since 1 1on of paddy vields about 670 kilograms of milled vrice,
this would give an adjusted paddy price ol 67 percent of the average
export price of milled rice. In fact, of course, there are costs associated
with transforming the product from paddy on individual farms to
milled rice loaded on ships. These costs were first estimated  (5)
and then deducted [rom the export price. On the basis of these caleu-
lations, the minimum appropriate price to reflect the real value of

3 This assumes that the water control system has not appreciably reduced the emigra-
tion of labor from the project arca.
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paddy is 54 percent of the average cxport price of milled rice.
Using this figure, the average adjusted price of paddy for the period
from 1962 to 1970 was calculated to be slightly over $.07 per kilogram.
The 1970 figure was $.06, while the figure for 1971 was estimated to
be close 1o $.G3 per kilogram. !

Public costs

Total costs attributable to the project include those associated with
construction as well as operation and maintenance. Information on
these costs wis obtained from the Roval Irrigation Department. The
construction costs, which were incured over a period of manv years,
were adjusted to current value, using a b percent intevest rate.

Returns to public investment in the project

With estimates of both the net production henefits and the  costs
of the water control system, it is posible to calculate various measures
of returns to the public funds invested. Two of the commonly used
meastires are the benefit-cost ratio and the internal vate of return.
Both measures involve discounting to permit comparison al the costs
and benefits at a common point in time. For the benelit—cost mea-
sure, the analyst must sclect the discount rate to be used. The
calculation indicates the ratio of the discounted annual benefits to
the sum of the construction costs plus the disconnted annual opera-
tic:, and maintenance costs. The higher the discount rate selected,
the lower will be the benefit—cost ratio. Because it is often difficult
o determine the appropriate discount rate 1o use, an alternative
approach is to calcutate the discount rate at which the benefit—cost
ratio would have a value of 1.0. This rate is called the internal rate
of return.

Using various assumptions, a number of internal rates ol return
were caleulated. In general these ranged from 1 to 9 percent. The
calculations that are probably the most realistic are hased on the use of
a 25-year period analysis (1962-1986) , and on a paddy price of $.07 per kilo-
gram for 1962-1970 and of 3.06 per kilogram for 1971-1986. Wet-season
benefits were assumed to be at their average 19621964 level throughout the
period of analysis. while dryseason brnefits were assumed to begin
in 1969 at their 1971 level, and 1o remain constant throughout the
vemainder of the period. Under these assumptions  the estimated
internal raies of veturn range {from 6 to 9 percent. depending on the
method used 1o allocate the cost of the Bhumiphol storage dam.
The low estimate ol 6 percent results from allocating 25 percent of

4 The conversion from Thai to U.S. currency is based on the exchange rate of 20 baht
to the dollar.
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the cost of the dam to irrigation, which is the procedure used by the
U.S. Bureau of Reclamation. But because the dam has becn operated
primarily for power, it could be argued that it is not appropriate to
attribute such a large share of the cost of this dam to the water con-
trol system. If none of the cost of the dam is allocated 1o the
systeny, the estimated rate of return is Y percent. Lengthening  the
period of analysis 1o 45 vears incveases the estimated rate of veturn
hy ahnut one percentage point, while lowering the assumed value ol
paddy tor the period 1971-1986 to $.05 per kilogram causes the rate
of 1eturn o decline about one pereentage point. It ic is assuwmed that
dry-season benefits will double in 1971 and then double again in
1979, the estimated rate of retirn incremes by about on percentage point.

These figures suggest that, while the Greater Chao Phiva project
has provided an imporant element of stability in rice production in
the project arca. the overall returns 1o the investment in water con-
trol have been modest? Returps are relatively low. not because the
existing system failed 1o achieve its potential, but because the system,
as it was designed and built, had a limited capability for supporting
changes in techniques of production.

Alternatives for the F'uture of the Greater Chao Phya Project

Although the existing system has largely achieved its potential fon
increasing production, [urther gains could be vealized from new in-
vestments  that might transform the water control svstem into one
capable of supporting “modern™ agricultural techimology. The  most
important aspect of this techmology involves the use of new high-yvielding
varieties of rice with associated increases in the wse of fertilizer and
chemicals to control pests. With better water control these varieties could
be grown successfully in hoth the wet and the dry seasons. At the present
time, however, water conurol in the wet season is generally not adequate
for the use of these varieties. and the capacity of the system 1o support
additional production in the div season is severely limited. These rob-
lems have led to a number of reposals for improvements in the < enn.

Thre  broad types of alteinative approaches 1w the improvement ol
water control were comsidered: (1) investment to - improve  conditions
for wet-scason production, mainly by providing additional drainage:
(2) investment 1o promote dryseason rice production by improving
the distribution svstem: and  (3) investment to promote  dry-season
production of “upland™ crops (cvops other than rice). While each of
these alternatives conld be analyzed independently, it is somewha;

5 Note again that only the crop production henefits of the system have heen considered.

Although small by comparison, other benefits such as improved water transportation
have also accrued.
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more realistic to consider their effects if they are undertaken sequen-
tially. In each case, the marginal costs and benefits associated with
the sequential development ol the alternative ave considered. The
sum of the marginal costs (or of the marginal henefits) for each of the
three alternatives is thus equal to the total cost (or the total benefits)
of implementing the third alicrnative,

Even if no additional government investment were Lo be made,
wme increase in production in- both the wet and dry season would
occur. In the wet season o madest expansion in the use of the high-
yielding vice varieties and their complementary  technology would
probably take place. Based on data from a recent stucdy conducted
in the W region (1Y it is estimated that in the fowr agronomic
regions with relatively shatlow water conditions (NW, WT, WTT,
and ET). about 15 pereent ol the lr;mspl;mml aea could be profit-
ably planted 0 the new varieties of rice without further improvement
in water contiol, The total area involved would thus he 32,000 hec-
tares, which is 5 percent of the entive project e Assuming, again
on the basis of recent suvey daia (I3, that the average vield of the
new aarieties would be 30 percent higher than the ave.age for the
vaditional varieties. the total inaease in wetseason production would
amount to approximately 21000 tons of paddy per year.

In the dny season, production expansien would be limited by the
capability of the system 1o deliver water by gravity. Considering the
current level of pioduction i the WT region. it is estimated that in
the NW, WT. WTIT. and ET aegions, diyseason rice production
could expand to cover two-thirds of the area that can presently
receive water by gravity in o the dryseason. This impliss a otal
planted are ol 32000 hectares of divacason vice, Assuming that
only high-vielding vinieties e grown in the dry season. with an
average vield of 28 wons per heaare, dry-season production would
amount to approxinuely 90,0000 wons of paddy. This is an increase of
about 62.000 tons over current drvseason production. Taking account
of both wet- and dry-scason production. the total increase, even with-
out any further investiment in waer control, could thus amount to as
mudch as 81,000 tons of paddy per year.

a

Allernali\:c 1

Betier hainage is the main requirement for improved conditions
for wetscason rice production (alternative ). Improved drainage
does not appear 1o be feasible for most of the CB and SF regions,
since it is impossible to discharge the excess water that annually
floods these areas. In the remaining four agronomic regions, additional
drainage facilities would make possible a further expansion of the area
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planted to the high-yielding rice varieties, although very little inlorma-
tion is available for estimating the magnitude of s expansion. Pre-
sumably, arcas that were transplanted before the water control system
was constructed would have the mosi favorable conditions for the new
varieties after improved drainage facilities are provided. By asum-
ing that these varieties could he grown on all of the Lind originally trans-
planted, it can be estimated that under this altermative approximately
128,000 hectares, or abour 20 parcent of the project area, would be
planted o the new varieties. This is an increase of 96,000 heaares, which
would vield an inaement in production of 63600 tons of padds per vear.
No further increase in dry-season production has heen assumed, although
it is possible that an improved diainage svstem would facilitate the pro-
duction of diyseason tice in some parts ol the project area as well, After
subtracting the inarease in costs asociated with the additional wet-season
production, the net benefits of alternative | are estimated 10 be 88,70
per hectare aa paddy price of $.05 per kilogrim, or S10.90 per hectare at a
price ol $.06 per kilogran of paddy. Capitatized at 10 percent, the value of
these net be elits would be $87 and S1049 perheaane. respectively (rable 8) .

Table 5. Comparison of additional costs and returns for alternative
approaches to improvement in water control®

[ncrease in costs or returns
from implementation ot:

Ttem alter altern. 2 altern, 8

native following following

1 ltern. ) altern. 2

1. Net cash returas at paddy price of (8 per ha developed)

S.05 per kg

wel season Lo oo S 870 S S 120

drvseason oo 0 1350 460

total oo 870 13.50 17.80

capitalized (10°7) value of total N7.00 135.00 17800

2. Net anh returns ar paddy price of

SA16 per kg

WOLSCINOn L A AL S0 S 16.00
dry oseason oo 0 17.50 290
total ... o 10.90 17.50 2100
capitalized (107} value of total 10400 17500 21000
3. Construction cost ... o . RN E RRAN 187.00

Alternative 11 Investment to improve wet-season conditions.
Alternative 2: Investiment to promote dry-season rice production,
Alternative 3: Investment to promote dry-season upland crop production.

F Assuming total area of NW, WT, WTI'T, and T regions (296,000 ha) is developed.
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Using information from a recent engineering study (3), the drain-
age facilities requived under this alternative are estimated to  cost
approximately $55 per hectare. Increased drainage, however,  would
result in more Hooding in the lower reaches of the Chao Phya River,
induding the Bangkok-Thonburi area. To prevent this, an additional
expenditure ol not more than 63 per hectare (of land benefiting
from the diainage) would be required o raise the height of the pro-
pored Hlood contiol dikes surounding the city ol Bangkok (3). The
total cost for alternative 1 is thus estimated to be between 855 and
SHS per hectare. Under the assumptions used, modest net returns
could theretore be expected from an investment in-additional drain-
age that would enable farmers o narease wetseason production.

Alternative 2

To increase the production of rice in the dry season (alternative 2),
it is necessmy o improve the distribution of water by augmenting the
existing canal svstem and to aveid the inundation of low-Iving areas
by the consnuction of additional drainage fadilides. Because of deep
tflooding in the CB and SE vegions in the wet season (which would
destros amy structures built for drvseason water distribution), s
assumed  that implementation of this alternative would be limited
to the lor- remaining agronomic regions. 1 the improvements in
drainage are asumed 1o be identical with those considered  under
alternative 1. the wetseason effeas ol these two alternatives would
be the smme, The ditference between these alternatives thus centens
on the production inaease in the diy season, and on the costs of the
improved delivery system. Considering the limited amount of water
that will be availtble even atter the Sivikit storage dam is completed
in 1972 or 1975, it is estimated that under alternative 2 only 25 percent
ol the area could be planted o divseason vice. This implies a total
drvaeason planted ea ol 7L000 hectines. or - about 12,000 hectares
more than under alternative 1, and results inan estimated  inarease
in production ol about 120,000 tons of paddy per vear. Capitalized
at 10 pereent, the value of the estimated increise in net benefits would
be S135 per hectie at a paddy price of S.05 per kilogram. or 3175
per hectare at a price of .06 per kilogram (table 3). Since the cost of
the improved delivery system is estimated 1o be only about $23 per hec-
tare (8}, it is obvious that the marginal returns associated with adding
alternative 2 to the proposed first alternative are very high.

Alternative 3

Proposals to increase  diyseason upland - crop - production (alterna.
tive 3) have rcceived the greatest attention from policy makers. This
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emphasis on upland crop production reflects a long-standing effort
to promote agricultural diversification as well as a more recent con-
cern about the long-term prospects for rice exports. Four pilot proj-
ects have been established in the NW agronomic regions to gain in-
formation and experience regarding upland crops. All of these projects
involve land levelling plus the construction of additional facilities o
deliver irvigation water 1o individual farms and 0 remove excess
water from them.

In spite of the fact that the physical improvements made in the
pilot arcas were designed to promote upland aops, a kuge proportion
of the increase las hean in the produiction of rvice. A major reason {or
this is the nature ol the soils in the project area, which are mostly
heavy clays that are dificult 1o manage for upland crops. On the
basis of a recent land suitability study (2). it is estimated that only 11
percent of the cultivated land in the NW, WT, WTT, and I'I regions
is either hest suited for upland craps or equadiy suited tor vice and upland
aops. Another 17 percent s considered nanginally suited for upland
araps, but hest suited tor rice. The remaining 72 percent s cassitied
as suitable only for vice. Experience 1o date has shown that even on
many ol the soils dlassitied as saitable tor inigated upland crops,
it is diflicult to produce such crops profitably. To grow upland crops on
these soils requires exceptional water management skiils, Inoaddition,
upland crops requine more Tabor per hecioe, particadarly {or weeding,
than does vice. Under existing conditions, i Lamily with the equivalent of
three adult workers can cultivate only 0.8 10 0.9 hecare ol upland
carops, whereas the same Eanils could probablv handle 1.5 hectares ol
rice. A third reason for the predominance ol vice in the pilot areas is
tat the veturns hom upland arop production in recent vears have
been velatively low, This is pantly snibutable 1o low vields relied 1o
the unfavorable soil conditions. and partly due o other  technical
production problems that are as ver unsolved. Given the magnitude
of the returz it s estimated thar even e a paddy pice of SO per
kilogram, a tarner counld expear to earn as much or more from aboun
1.2 hecrares ol vice as he could from the production of 0.8 10 0.9
hectare of upland aops.

Although the purpose of the improvements in water control under-
tiken in alternadve 3 s the promotior of upland crops, it seems more
realistic, considering past experience, to base the andysis on what s
likely to happen 1o rice prodaction. Considering the labor constraint
on the production of upland crops and the magnitude of the retuims
involved. the benelits of rice production ae probably ac least s grem
as those that might bhe derived from producing upland crops.

With additional investment in improved water distribution facili-
Hes and Lnd levelling, some inaease in wetseason vields could be
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expected. Using data from the pilot pro, cts, it is estimated that
yields of the taditional varieties would rise by about 350 Kilograms ol
paddy per heclare, whereas those of the new varieties would be
about 20 percent higher than that. Production could also be expected
to incease in the div season. On the basis of experience in the pilot
projects, it is estimated that the average vields of rice in the dry
season would be at least 3300 kilograms per hectare, which is 500
more than those assunied in measuring heneliis under alternative 2.
Although the more elticient use of water that would presumably vesnlt
from land levelling might make posible a lager planted area than iy
available with alteinative 2, there is no satisfactory basis for estimating
the magnitude of the inaease. TEthe planted avea were the same as in
the previous plan, the capitalized value of the marginal net benefits
hom alternative + would be $178 per hectare at a - paddy price of
S.05 per kilogram, or SI87 per heatare at a price of S.06 per kilogram
of paddy. 11 as seems likely from experience in the pilot projects, the
average drvseson vields we higher than 3300 kilogrims, or it the
area planted in the diy season is larger than for aliermative 20 then
the increase in benetits would be even greater.

The marginal cost involved in the development ol alternative 3 s
estimated to be approximately SIS7 per hectare, most of which is for land
levelling. There is, however, some evidence tha the cost of huid levelling,
might be reduced by as much as S34 per hectare where the land is pre-
parved only for rice production. A comparson ol these costs with the
estimated net benefits demonstrates that, while favorable retuns may
be possible from the sequential implementation ol alteiative 3. the
anticipated rate of retuin s comsiderably lower than for alternative 2.

Development strategies

Although the estimates presented for cach ot the thee alternatives
are necesarily arude, it iy possible that Favorable veturns could be
obtained from all three policies involving additional imvestment. The
inmediate implementation of alternative 5 throughout the  project
area would be the prefened strategy from an elficiency standpoint.
But because funds are limited, it would be umealistic 1o expect sim-
ultancous implamentation over the entire area. Insiead, implementa-
tion of aliermtive 3 would result in hiinging benelits to some areis
but not to others. Such a strategy would  therelme result in consider-
able inequities anong Lanmers within the project area.

The preterred stategy rom the standpoint of equity would be the
sequential development of the tloee alternatives, Under this strategy,
drainage facilities would e constructed st (alrernative 1)y and fol-
lowed by investments made 1o increase dryseason rice production
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(alternative 2). Finally the land levelling would be done and the
water distribution improved, as proposed under alternative 3. But
because the analysis indicates that the highest average returns are
likely 10 be associated  with alternative 2, (his strategy would  be
economically inelficient,

A compromise strategy would be o implement the second  alterna-
tive as rapidly as possible throughout the arca, and then follow with
investments in water distribution and  land levelling  (alternative  3).
This compromise would result in relatively minor efficiency losses as
compared with the most cfficient strategy and in relatively minor equity
losses as compared with the most equitable approach.

Summary and Implications

The study vevealed that while the largescale water control facilities
in the upper part of the Chao Phyvie project of Thailand have resulted
ina sabstantial inacease in tarm incomes, the rate of retmmn o the
public investment in these facilities has been