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Economic Evaluation of Water Control in 
the Greater Cliao Phya Project of Thailand* 

Leslie E. Small T 

The Greater Chanw I'la pl<@( is ihe IaiC,,t waler onllml proict(I ill
 
Thailand, emlnlmassin. ;I Iial (dl 10.0l)(i(ht'I list l)ilmsed earlv' in
 
tie 20th t'111uirx, file lric i bca ic a '.,lit\ dhuino1l, the 1!950s, and, 

early l!i)0,. was ll\ Ill
li , nriiln mlit in fell tdab1ili/e" Wt'-','t'iil rite 
pl titinUtlion I ii Ihc Itc tt+i ,t'\ ,)i ( ll.sedland t <Iu ;Iti 

CXyx s'(k' m 4 \\'i h I Stisi inil 14 llilll diillgil. lli (ltl1t m 1,,it ltin

<i )I t ip sl'tiCUlil st{)mglc (h mN+ (lihumiphild andt siikit). tilt(, -,mern
1,1 I1t1 1 )Ctd 11 IllIH) ilI(IC+;ls+t+ 10l )(111 l1 ,I ll illI OhW (11\ St~i,,(Mn. ft'e 1,l 
\calrs. disappq~)ilitnltcilt w ith Ilh l 1.11l( ( c mp,II;ioI ill <h \-st',Ii, n ])(111t tion, 
hais led to)(I ititisnm, (di the pio()t t. 

Objectives of the Study 
Ill1, ,,}ilC (dll file' { lll Vt' s s i lrl m lld(ill". tilt+- p i (tl. lif( ",\slttl,1;, it 

il1\esiIil~l ()I (the (<JSs' Mfidl benefits hias hbcc+'l 11,natlte. let Ill,, 

d HlititI it'., was. t4ljli (li 44l tl ' ,dtl\. 11)t.filliaie tie l 4)I retlin t)4 
lie t' i.lill- il llld)(l l lmweli ] l11 ilitics the Iill (iiil i tlvo alea.-'ii1tc lhife xtm is dIimcdl l\ 11)tl~inlm C: m .L,.1 itlituilA ipi 

illation, le diltion aesI n) l .t' n11:\a is Ill icini ll wilt'C\ wu' l 5 ml c ts 
r)ejiet I 1)I filte ;i ca planted I (rat, i4 llaillk Ii(tv) :111d (m Ixcl;lc \iel . 

' ijliilii111)t+l ltiIiI ls I im illll file ,\sci h1;1\e blgeenp, ll 
0lll.l e f ill It(tt'I \fil". Sf t]('{ t r lt' hi r4Cdl N sics( , WM hi Irtlttil 
Ihlo l tiditiSnal, l ih, 1,,nCel,,. .\ , () tbI) ti\c () the std\ wasIto ide.,lfil\, illiclla~tiko. aiipI) m he'(I, fill iumpli ng the' \S,,lm. a ld ml 
CVI\:II .'l llt'c c al]Itllallit', w< p rim i ',lc basis lm ianl1,,kiw- them1, with 
1,esp(I 1() ]l il] ,,'~ l I)ma.1 -aills ill 11 m t., 

I fic It'ctaI h S1,t111nl nd ill 111is a lIi(h ,c,%as tlllt-1t'litll i, AI joint pr'ojt(tI het,1,-Cttl 
tilte D)ta]fil cll't Ill" \gl'i( ul1utot l Ftuntom its of the' Nt'w York Still(- Cotllege of .. griw.l
tillre(and Life' Slitflit'.s at (C(llll'lit 'lsi F ".anld tiwt ofl~lFm llollli( and Bus',inet.ss 
..\ mInistralimil at1 K;is~sc irl U'niwi-rsil\ ill Bantlgkok. 

I:ol'Il l 'l ltl lialt. sltldt'Ill, |)t'}arl t'i of .'gr'it'lll 'rIl ].to ionm its, Nt'%% Yol++lk S ta1te 

Colle'ge of .\gritilllre aIndl Llch Sc'iences, Cournell Uniktrsitv. Now assistant professor. 
lDtlalfn C l (if .\grit till ral Ild itritcs. +"iutht'tl Illinois tn \.~ ;t, , (a h m ~ c 
Illinois. 

http:Bus',inet.ss


Project Area 
The analysis is based on that part of tile Greater Chao Phya project 

which is served by the networL of (listribution canals which are fed by 
the Chao Phya diversion dai at Chainat. This area (hereafter re
ferred to as the project area') -aveis approximately 660,000 hectares, 
of whih Ioi ghlv 600,000 le(tares ale planted o1(rice diming the wet 
season. The sotthern portion of the (;reater (hao Phya proje t (con
sisting of ab(it 250.000 hertares in the Vest Bank and Chiangrak-
Khilong l);ii (tt,) was built before 1950. Sime this area does not 
benefit diicctl\ from th dam at Chainlm, it has Ieeh excluded froi 
the stud\. 

Although li(n i,, thw i)Itl, sigilii(alit (ro)p giown, tile project area is 
1ot a hl),tlogeillo ll s (gi IIi(llitil legion. In somitte ploes rice iszlias

planted oil liclls wICte ainfall is tile oilvk soutre of water. II other 
platc'.,, float ing \alictics of ie aie lplanted by Ib)oad( asting the seed 
)n fields that flood to a deplth of 2 t() 3 meters. To identify and 
Illeasilie lie total eliit(is of Ihe wate(r (tOlmr l s\steiit. it was filst 

e es,,ars to deal with tie pltbhle,, (;ls. b\ this hlemelogeneity of 
agri(Iitl-ral u(illitiol,'. The iloje(I aat a' thelelute divided into 
six "almioihluit" regitst. Callth of whidh is iclat is'eh h)oiogeiteons ill 
telms of )itajoll agri( ltni al thiaat;tclaisti(s. The boundaries (f the 
regions;. shown ill ligiit, II.iifotliliaioti (on wet-season tile lrodlu( 

tion iti cmal (d thele.inois is Jlteeited ill table 1. The (listinguishing 
ltt(th1 itis of (.;I tl)legioti aie a'. follows: 

I The project aia is madeiil ) of tile following 16 sult-proj.tt is: ltholathep, Tha tot. 
Sam (thuk, Sam Chuk Extension, lho ihraya, toromfiathat, Channasnti, Yang Mani, 

hak lai. Maiarat. Noi-tahiarLExtinsion, Manorom, Chong Khae, Khok Krathiam, 
Rocig Rang. and Naklion Luang. 

Tlbh' I. Agronomic regions of project area 

AIolo ll(i'. r .\\ . l,(.rent .\%g. id'h-(culgl I a )i a c I9 -19W) 
rt' i()tl ;~) 'l hi adt;i ;sl ha i ttd 0hatI\v. atI'va) 

l1evlar4t kg/l.a 

N\ . ................ 1.0.. :15 2.1710
9,000 99 

W I ................ .10,000 6 97 2,.210
 
W I I .............. 3,0)011) 97 2,190
,8,I .17 

.S1. . ................ l12.00(0 99. 9) 2,170)
 

(B ................. .. 119.011)0( 92 91 1,86i0
 
I: I ...... .......... .. . 6H ,) ) t; 97 1,910
 

http:sult-proj.tt


Region Boundary 

Rivers 

0 10 20Chainat 

KKOMETERS 

ET 

NW 

Singburii 

Lopburi 

CB 

WT 

WTT Ang Thong ET 

Suphanburi 

Ayutthaya 
SF 

FigureL Agronomic regions of the project area. 
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1.Northwest mixed transplant-broadcast rice region (NW). This 
region has a uoinplex p)attern of higher land, where transplanted rice 

is grown, atiti lower at eas where the seed is broadcast. Average yields 

are the highest of all tile agronoiiii" legions. 

2. Western itransplanted rie region (IVT). Being a relatively high 

area with little lloodill-, the rite hiete is altitos entiely tratnsplame(l. 

l)rv-season crotlin. is nlore inyl)rtillit titan illother regions. 

3. J["estern tranflsplanted rice transitional region (JJ"TT). Thi's is a 
tile
heterogeneous Iegil illwhich Ihet e is :lgradllal trallsitiol fronl 

chalattelstits (4 tilcVT legion to Ihtose of tile CB and SF regions. 

.t.Southern floating rice region (.F). Floaitig \:aiet iCs of ri e are 

gOOWm thtlouglt'ul Ithisvac et atise OtMUl e\et\ v'ear.a deelpI lixdin 
..\erle \ihlts .Ite the lowesl of all the gtIotlllic regiOis. 

5. Central broadcast rice region (CII). (.omditing ot tihe (liao Phya 

River atln it-IhoI plaii. intst of the It'gioti is Iloodeh dotmly e\ery year. 

Rite, olelln ot the Iaotinlg Nalietics. is Jltllted b roadt asitig through

outl ltit I alt lge l(tutltitisoll" eat" to Near.the ca. Yields show bolll 

6. Eastern transplanted rice region (ET). This region tonsists of 

those jmts o the t.ttate along tileeasietlI edge oh tile Cental Plain 

that ate i ltled illlilt,-c1ater (hiao lh\a roliect. Most of the rice 
glowI oil thIisltletal t is tlall)ilalltc . 

Returns to Past Ivestments in Water Control 

Benetits tlmtl watel ontlrol tat ilities hae beel Itailil illtile I'oll 

of ittti lite plIttltlion ill tile \wtl seasoill. althollghl solle ill

tle se it:(it\-seatsiill }hlmtImllt iiiol of tileli d tthe thlmlos has o(llred 

as well. Be(allsv wealte illlditiolls mulse \elt-to-\eat fIlillations 

in botli \iehls tIme a it di lliut to theaiitI (t httei, was ii isolate 

effe(ts of 1litt seasonl L tots ulltlelll ldstha;(Itme t tflill ll atild iiglte 

wouIld have lit sisted illthe abstii(e of the piOjett however, all 

attellpt was Illade Io lletsttt'e "cpalatel\ ilte ettle(is of Ihte il,ojet ol: 

I.tie alea (ilage b\ either ext esi\e ttoohill., M ittadeqtate 
\Vlllel,
 

2. the ptopiortion ol the area titttsmaneitel tailtc thtan broadcast, 

3. avetage sanlld he \atiabi lIitN oh \ields troni \ear to year, 

-I. the atea platimtet to ii(e tttd(l other (lolls illtile dry seasotn. 

The estiniated iti rctnent illtotal todttction attributable to water 
control strttctures was then converted into \aute units based oil past 
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and projected prices. .Subsequently, estimates were mnade of the costs 
associated with ,olistrt itilg and maintaining tile water control facili. 
ties and of tile ill(ellIcits ill lal ii (Costs attril)utable to changes in 
PrOdu(tionl pra(ties or(Ihie area planted as a restuh of better watertrol. Finally, cotrtles of ret urn to total (oss were (alcllated using
conventional beneilt/(ost prihCellies. 

Reduction in damaged area
One of the m;ijoi purposes ill (mst,'uiting tile Geater (Jhao Pha 

pioje(t was to ,edlue tile IleCyeV alid severity of (l0op tailues(:aised l) tnlavoralble weather Be(auseonditions. %.iriationsin weauter 
conditions teult ill large ;ulil al fIIl ltiontll ill the allotllt of (:1,,i
aged ;ta. atl attIet IjI.t was ,la(e to sepa tle the elle( I, of ally
iaildilt dillefee s ill weatlel milditiojs Iriil the elletts theof water

control system. Regressiot te htniqtes were used lot this p~urpose.
will tile ellc(ts of the walIl (oilttl tell,%S, ta,-eelll(I biv ;ic, o(nc dutnnv vaailble. ()bseiv.tiois lot veas befre tle s\steoI was iil 
opei atim (1955-16!1iI wete ;isined a vaiLl ul of/er. while ohservatiois for the %e;,as 1962-1691I9 were ivena \,talue of olte. This pro.
cedure male it possible to estimate sIatisti(all the lealtioillips existitt
before and afte, tile ssstem was mnlpletel. Ile weitliet vatI ia 11cs
included in the allIsi, were de ived fomtailltall olmseatiols itl the 
area and fron water flow it';sultellents (it tl (Jtao l'hva Rive. 

The analysis indi(ated that siloe tile propt was moipleted. the 
propoltionlt the pllitd area tlt is hef1 ut;alvested has de teased.Howeser. this Ilhage 5is i(t Attribtitable 1todifeleleles in wealiel
between tie beloh e alnd al peliods.t TI detrease in Itillavest.d 
area has beett (touelotelad ill legiontsthIs that do( ttmt flood deeply
(the NAV, WT, \VTT. and FT atgI0o0t1Mlti Iegitls). Little ot no
decrease ill tile extent of damag has omitIef ill tIle tie;lv 'I per(etlt (of [Ie prti(-( ata: th;lt is deeply Hooded eah \Iear (tile CB and
SI- regions). I'or the entire liii.( Iatea. the avel';i'e ptimn datmaged
annually is estimated to have de( reased by applr\xitatelN 17.000 htectaes.
Consequently, tile attutoalaverage pliu(till is estittiated to have ill
creased by abot 38,000 tons of paddlv, whili is ctiivaltnt to 3.3 petcelt
of total podu(tion ill the proijet atea (table 2). 

Increase in area transplanlted 

The relationship between tile iethod of planting and yields is acomplex one. L-~periments iave lelm(Inst-ated ihat tinder certain 
management conditiois tile meth1od (f planting has no significant
effect on yields. Under farm o, ditions, however, there is an observ
able relationship between tile method of planting atnd yields. 
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wet-season riceTable 2. Components of the estimated avcerage annual increase in 

production attributable to water control facilities 

Is. mvg. Total 
. oill-C' c l illmItast, ant]. ill( la+t, + 

l ord l t io ll( 1 l t t Ir ic :"1 " 

Redmi('ion itn dalmagt'd artva ........... 37.6;:1:
 

Increase in arca tran) lantrd .......... 23.2 2.1)
 

Net intreat in viId. ................. 
 16It.7 9.3 

Total im rte nt ................ .. .... . Iii75 1.6
 

t'ragc an)mal prottuction (1965-1969) of 1,150,000 metric tons.•Bascd oi1a 

t Computed as a residual after taking accontn of changes dtue to weather, increased 

use of fertilizer, pesticides and herbicides, and improved management. 

risingIn lo(alities that ate Stlbjett to deep flooding or rapidly 
aWatels, transplanting is likely to leal to) (ou)lete (rop failure. 

17(1Ic stillh ()nlitiolts. arnici (rnisider ioa(ltasting to )e tile (ll\ 

Oil the other hand, in areas where transfeasible plamiu, method. 
p)lante( life is Ittt Ilieatetiel witih lestitit t rtlom (feel) flootditig. 

tley higher yieldsfautters getlciall ileler to rants1 dlliti, sime expect 
higher 'i.Idsthtan it tile'\ hiath(l)ast. Ile reasot fotr the exp(ted 

tmnuiagt.ement (onditioms (especially fora)pearsI ) lie itl tile imp imed 

that lefarner is al)le ) Ittlhiee ilt tontitjnwtatel and weed minml) 

tion with tanslltnting. 
metho)dThe percentage oil the proje t arca llantedl b\ the bIoad(ast 

the projett to 62declined ftoim 78 pertenl before tont tion of' 

)ereit ill 1969). This represents a shift fromt) brlal(ast to tranis

planted rite of tbout 96,000 hettres. Part olf this shift might be at

tril)uted if) the itneasel :vailabilit\ of, labor (fron popjulatioun 

grtowth) rather than tot the imlprovenwrit in water o(ontrofl [ailities. 

To test this liy thesis. tlisliits lying )ttsile the )r()ject atea vere 

gromn, no changes in waterexamined.lithough popu)lat ion there had 

dtuted. There was no significant tie(trease in(ontiol had been i tt 
the lutoltioll of the area planted by the L; 'tst method in these 

distri(ts. Furtlthertore, in those districts within proie:t alea where 

-arllersh;ive the option of (hoosing between broadcasting and trans

planting. no signilimat relationship was found between the popula

of tile area planted I) tihe )roa(casttiotn lensit\ and the 1)rj)t)ortiot 

methll. Tlhis evidence stp)l))rts tile (ovdusioa that the change in the 
intlovesize of thle alea transplanlted was due almost entirely to the 


inent ill w;tter (ontol.
 

No contpletely satisfactory method exists for estimating the in

re.Ited from this (hange ill the plantingcrease in proluction that 
method. In1 most of' the datla oil p)r(lduction, no distin, ion is made 
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between broadcas, and transplan ted rice. Furthermore, there is no 
guarantee that tile average difference illyield between transplanted
and broadcas rie reflects tile difference actually obtained oil land 
where tie inethod of plantting has haltla'rd. But illthe ab.,e-ce of any
better ini'ritation, the average yield differentials, as estimated from
the litntf.:d data available, were used to ta.letilate the effect oil total 
prodi(lticn. Otl tile basis of thItese thecal(ilations, shift from broadcasting to iransplantini is estinlaled to havelt leased average annual 
produclion by abott 23,000 tons (table 2). 

Net ii'.,rease inwet-t-season rice yields
 
Iltprovetnents illwaler 
 Conditions untluestionablv have led to

higher average Nitlds illthe projiect area, but the Itagnitide of the
inrelease is exttetoelv tliffihtlt to measuie. The pioediure followed inl 
attenjpting to estimate tlte net etfet t of the P)oIje(t was toIuse time 
series data to detet ttine ettlds :il(] to adjitit yield est inates before 
and after tile implementation of the s(lheti for difleremtes (fle to 
weatler. From these tigitre,, dedti(tions were itade to reflet itanges
in inpit use that did not appear to be related to ilnprovetttents ill 
wate, -olltol. )edut tiols were also imade hr tile elfetis of the water 
Cotitrol projet ott datnaged aeai and ot tile planting nethod. Thus 
this third elle(t attributed to tile projet is, illf t, ;Iiesidual not 
acotntetd Ior Ibvothey vaiables that (ouhl be expetted to increase
 
yields in the absene 
 of itnpoved water cottrol facilities.
 

Regression teulniques wete 
 tised to estiate tile change itnyields
tht agronomititneath of t regions between I'95519il and 162-1969.
 

after allowiitg lot atl differelt,es it weather otditions 
 in the two
 
periods. Tle lptodition ellet of iuiea ,:d fertilizer use was subtracted l:oli ]itdlmtioi
total itt the pojiett area, since I comparison

of tile growtl, rates,, !ettili/er ised illthe projeI area with those Out
side proided no e dciiot that itire>. Ietili/er uIse was atribtttable
 
to beite, 
 water (ontri. \ similal protcl te was followed ot tiltetse of
 
pesticides and herbi(dtes, at ttue 
 Af Iltese htttticals is so limited
that their elffect on ploductioi, is teary negligible. Exatitination of the

data froit altarea ]tot included illtle pIojett but with similar soils
 
and cliiate showed that yields have risen becatse
partly of imtproved
managetient techmiq ties. The itagnittde of titis eflect was also esti
mated and sut btracted fron yield i tteases illtie projecti area. Finally,
the ittrease itt t'erage yields that was itiplietd by tile hange in the 

'Time series data used were from the Ministry of Agriculture and tascd on reports
from village leaders. Although the system by whict these data are generated hasceficiencies, detai!ed investigation indicated that they can he he used to analyze trends
in yields and are more reliable for this type! of analysis than any available alternative 
data. For a fuller discussion of these points. see Small (4:155-168). 
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methodl of planting rice and by tile iecrease in damaged area was 
ill yields that was attributedsubtracted, leaving a residual increase 

to improvements in the water control system. 
regions rangedThe estinated net increase in live of the six 	 from 

the SF region
about 1N0 to 310 kilograms of paddy per hectare. In 

entire project area, the 
no imliovemet (o1ll(I 	 Ibe detected. For the 

rise ill the average anmal tirodu(tion resulting fron this 	 net increase 
two-thirds of 

ill yields was estimated to Ie 107,000 toils of paddy, or about 
tols ill wet-season producttion

the total increment of approximaltely 168,000 

that was attributable to the water (ontrol system (table 2). 

Changes in dry-season )roduction 

Analysis of tile daia mn (h'.v-sea;son c i proodu(ctioti indicates that 

the water contirol s\,temi has been Ill iniportant fact'rl in the pro

rice, sttgaralie, and watermelons. Pro
dluction of only thliee rops: 

as veget lI)le, and cpereninials has not increased
dhu-tion of crops suci 

peatinuts, the
sigiiificalntl\. For fieldl (lops slii as inlig bealns and 

results of regression amal~sis iclii ate that pro(luction is related miainly 

o(lls(115ltritig tile ri' 	 seasol.to the anmtoullt of railfall that 
Alhough some dry-season riice has been irrigated by large pulmlps 

tihe Millistiv o1 Initeriot, there has been a plolioltiiedbelonging to 
prodhced with

enlaigeiemet oi1 the area lol dry-seasoti rice that is 
Part lv bet ause niew, high

WI.ter fti the Greater Chao h\'a irdje( t. 

yielding rice varieties be(ame available. prcduiction rose sharply' 

In 1971, the area of dry-seasol Jice Ihat was
between 1971) and 1971. 

tile wtter otntiol systei was estitmatedI to be 9800dependent u))n 
region.hectattes. Most of this l)i(dlductim took place in tile \V agiloiomi 

The water control system also sup)orls the production (A about 

2.100 	 ltetaves of sugatalle. hcii alecl in the iolthCast (crner [c1the \VT 

mill at Sam (htik. Bet ;mtse sugarcane ocuregicon, near the sugar 

pics the land thtroigliotit tie year, ii retilaces wet-scasoi riue, making 

the net increase in the value of podu(tlion much smaller than the 

value of the sugarcan, crop. )ry-seasoui Avaterl'ielon ptodu(tioln ill the 

area near Sam Chuk has increased markedly in recent years. The planted 

area rose from virtually zero ill 1964 to l(i00( hc(tares ill 1969 and to 

4500 hectares in 1970. This high Ieve! cf production glutted the niarket, 
the planied areawith a consequent shiarp) fall ill prices. :As a result, 

dropped to about 800 hecta:es ill 1971. 

Increased costs associated with changes in pi.oduction 

Both the wet-season and the dry-season production effects that have 

in use changesbeen reviewed involve changcs input as well as in 

output. These changes were estimated from budgets based on farm 
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managenment data obtained fronm several previous studies. Most of 
the changes involved the increased use of fainily labor, espeCially for 
transplanting and harvesting tile ri(e. It was Iherefore ne(essarv to 
imitte a value to fatily labor in order to (ahtulate the in( eicialal 
effec(:t of the waici (oitrol prole t on (osts of prodlu(tiou. 

Additional labor was valucd at its upportiuity (ost. II the wet 
season, additional labor is required during the periods of peak 
demand, when tile opplortunity (nst is (ertainly positive. But becatise 
rice is viriuallv the onlIx (top planted in tile wet seasol. hv oppor. 
tunity cost of this miarginal labor is the rice prodi(tioi that woul 
have occurred had tis lahor been available for oiher tasks, sud ais 
illoic liiiel tii spla lit g. "hils, ilie rie iiot p<lod (cd is IC teal (ost 
of stuh labor all(fsie this i, a hatclv rellet ed illiitile ttal lolnu
tion figure, it would be incorrect to make an afhlitional adll ustlent 
by imputing soie positive ionet aiv %alue to this a(litional labor.1 

In the dry seasoi, different sit oat ion prevails, situ e alternative 
opportunities for I use labor linited.ln' lutive of aie (:osidered 
from the point of view of soietv as a whole, tile oplxrtunity cosl 
,,flabl, illtle drx "eallsois (lose to /evo. Foi' this reason no thargc 
for" either fainil% o, llired labor was i Ill I a, a lost of ploductiol 
for drv-season crops. 

Vauinig net production effects 

Having estimatetd blIi the gross pridut tion effects of the water 
ontil s~stein and the ('langes in tile (ost of froduction associated 

wiit these ii(rcitlental (liales. ile tiet benelits ot the systeiti (all Ibe 
(leeriinied oit(c ( i it odtt uvi(es are known. 1 he only difficulty 
involves tile appropliae price to rise fotpaddy. Be(,Ill.e of an export 

'tIx known a:s the iii{ p) iiiitl' . the' pri(e that faruicis hae ie(eived 
for paddy is 1t101 lower itt tihe \;loe of paddy to "lihai:aid. It is 
therefoie ne(es.,at\ to adit~st lie paddy price tpwatd to feflect te 
fact that increasel paddy produi(tion has resulted in additional gov
ernnient revenue. If there were noi marketing (osts. the aliproliiate 
pri(e Itouse would Ile oie reflecting the full valtn of the exported 
rice. Sitce I ion iof pnhlx xields about i711kilograms of iilled lice. 
this would give ;Iti adjusted paddy prie oi ti7 peretii ofl tie average 
exlxirt prie of milled ri(e. In fatt, of (otirse. there are sis Issoci;Ited 
with transforming the product from paddy on indi\idtal farnis to 
milled rice loaded l ships. These (osts were first estimated (5) 
and then dedu(ted froit the export pri e. On tile basis of these .,ct
lations, the tiiittmuiiii aplropriate price to reflect the teal value of 

3 This assumes that the water control system has not appreciably reduced the emigra
tion of labor from the project area. 
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paddy is 54 percent of the average export 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 S.07 per kilogram. 
The 1970 figure was $.06, while the figure for 1971 was estimated to 
be close to S.65 per kilogram.1 

Public costs 

Total costs attributable to the project include those associated with 
construction as well as operation and maintenance. Information on 
these costs was obtaincd from the Royal Irrigation Department. The 

construction costs, which were incurred over a period of many years, 
were adjusted to current value, using a 5 percent intcrest rate. 

Returns to public investment in Ihe project 

With estimates of bIth the net productiotI benefits and the costs 
of the vatet omtrol system, it is po ,silile to (alhtulate variotus measures 

of retturns to the public funds invested. Two of the commonly used 
measures are the beuefit-cost ratio and the internal late of return. 
Both measures involve distotilting to ielenit to l01arison o1 the costs 
and benefits at a (ominon pioint in time. lot tile Ienefit-cost ntea
sure, the analyst in ust select the discount late to lbe used. The 
calculation indicates the ratio of the discounted annual benefits to 
the sum of the (onstruction (oss plus the distoutied annual opera
tic;. and Iltailte lame costs. The higher the dismotont tate selected, 

the lower will be the benefit-cost ratio. Because it is often diffictlt 

to detertine the appropriate disomunt rate to use. ati alternative 
alproilth is to taculate the discount tate at which the benefit-cost 

ratio wotuhl ha\e a valte of 1.0. This rtate is talled tle internal rate 
of return. 

U.silig \aliots assullipttolls, a tIItlIt)Cl (if illtemal rates of letlrll 
were cahlated. li general these ranged from 4 to 9 pelcent. The 

calculations that are probably the most realistic ate based on the ise of 

a 25-year perititd analysis (1962-1986) , a.nd otn a laddy price of S.07 per kilo
grain for 1962-1970 and of S.06 per kilogram lo 1971-1986. Wet-season 

benefits were assumed to Ibe at their average 1962-196 level iltotighotit the 

period of analysis, while drv-season Inelitis were asstmted to begin 

in 1969 at their 1971 level, and to remain coltStlull throutghout the 

remainder of the period. Ulder these assutl~jions the estimated 
interlnal rates of retttur range from 6 to 9 peicent, depending on the 

method tised to allocate the tost of the Bhumil)ol storage dam. 
Tile low estimate of i percent results from allocating 25 percent of 

4The conversion from Thai to U.S. currency is based on the exchange rate of 20 baht 
to tile dollar. 
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the cost of the dam to irrigation, which is the procedure used by tile 
U.S. Bureau of Reclamation. But because the darm has been operated 
primarily for power, it could be argued thiat it is not a proprite to 
attribute such a large share of the cost of this darn to !he water coni
trol system. If none of the (ost of the dam is alloated to the 
system, the estimated raitc of ieturn is 9 percet. lenI,lhening the 
period of ,iultlsis to 1.5ve;irs imiiieases the estimnated tate of Ietur'l 
hy ahnut one per~ent;ige point, while lowering tile assumed ;liie of 
paddy tor the period 1971-1986 to S.05 per kilograin (atses tile rate 
of teturl to decline about onte pmecentage Joint. If it is asstilied that 
dry-season benefits will doluble ill197-1 and then double again ill 
1979, the estinmiated iraeof ret illleases b albout oil- p- ellltge poitit. 

These figures suggest that, while tile Grceatl Chao Phva froiiect
 
has provided an ilipotaut cleiment of stability illriCe plrodiu tion in
 
the project areal. lie overall rettnlls to tie iiiestrnelll illw;atel (on
trol have been Inlo(ltS1.5 ],etlr'lls are lelativefy low. IIotbe(allse tile 
existing system failed to achieve its potential, btt because tie system, 
as it was desigled lldl built, hld ai limited apabilit v lr suttol ting 
dianges iltecimiques of pliodl(i ion.
 

Alternatives for the Future of the Greater Chao Phva Project 
Although tile existiti, svstem has large l ied its potential fol 

increasing prodtlction, luriher gains (ould be lealilcd from new ill
vestments tha miiilit ti.ansf[ill llewatel (olttrol systen into one 
capable of supporting "imoderm" aoigii lftral ichifnohbgv. The most 
imolrtallt aspect of this tecliologp involves the use of iew higi-ielding 
varieties of rice with associated inlcIses illthe use of fertili/er and 
chemicals to control pests. With belter w;ter (olllol t lese varieties (otld
be grown successfully iii both the wet and tile dry seasotis. At the present 
time, however, water ontlrol illilie wel seaSn is'genrlllh llriot M,(uate 
for the use of these varieties. aind the ,apacitv ofI the svstem to stup])oit 
additional piroduction i in tlie ,v season is severcly limited. These "to])
lems have led to a number oI ,ioposal for imiroi-eits in the ,ti. 

Thirf broadtles of altcin:ttive afplfioa( lies to tile imlploemileit of 
witer colntrol were tiosideled: (I) in"Ivllitilu t to iltlio'e 1olidlious 
for wet-season production, maildv by providing :ldditiolml dia inlge: 
(2) investment to plnltote dry-selso lie lodi(ltionl \ inliproving 
the distributioi svs tem: and (3) imyestitletit to ploiote dry-season 
produclion of "tuplaind" (rilis ( tops othe thai rice). WVhile each of 
these alterumi'ives uouhl be alal\/ed iidependently. it is somlewvla 

,
Note again ihat only the crop prodution heit-its of the systen hawe been considered. 
Although small by comparison, other benefits such as improved water transportation
have also accrued. 
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consider their effects if they are undertaken sequenmore realistio. to 
the marginal costs and benefits associated withtially. In each case, 

the arethe sequential development ol alternative considered. The 

tile narginal (osis (o r of the marginal benefits) for each of the 
sum of 

total (or ile total 1eneilits)
three alternatives is ilts eqttal to the (list 

of itiple teuting the thuid alternatixe. 

Even if no additional government investlent were to be made, 
would

sot1C iieai 	 e i l) lodlitiotn itl botI tile N'el ar(d dr\ seasolt 
use of tle high-

Ill tle wet s ta ) ;I ill del expansion i tihe
oc(ur. 

and c(otpletnental,recent teciiolop. would
rice varieties thelir a stuINt (mlitctedyielding I.-ke Ba,,,(d (to dam~ fromprobal\ p~late. 

in Ilte \VT regioo (I), it il estlitated that ill the foit ag loolic 

regions with i (I i\el\ shallow wltct (onditimits (NV. WT, W\T T, 

F-T). abot 15 Iltcett the tratnspluted at allld( he pt0lil
and 

plaMted to lhe Iew a\\ eelis od rice witltoot luilier improvetttenl
ably 
in Watel M1itt0l. 'llw toal iea ittvol'"t-d would thus he 32,000 hec

of the ettie proie t ea. \ssuming. agailt
tares, whi h is 5 permit 

of tite
oil tte1 si oaskI( ttll stll\ \'C dtta (1,. that the average "ield 

new \:nitteis bsottl:Mt Ii-ler tileIe ltrcnit tlt:tt ae.age ot tile 

wet-sC soil pl utl(t ion would 
tr l i itiotal \a ili jes. I lie tot i(i ie1ise ill 

aiioint to appioximiacl\ 21,0)) tonshd paithl\ per Neat. 

In tlie tiiN scasmn, l ou otim C\patsiett would be limited by tie 

system t dclivel water b\ gravity. Considering the
Capalbilitv of the 

ICe\l of I (mli(to ill the \WT regiolt. it is estitmated that in
citrreill 

\T. and tegi-ios. v-seasol tile piodutliltile NW, WTT. Eli' d 
)1 tit alea that (all presently

could expand to (over iwo-thirds 
" 

lihe td scasolt. This hittt a totalre(CMeite r ra ity l 
12.000 he(tates oh dl)-seso itte. .\ssuiiig thti

plai d at;: oh 
wit season. with an

On hit, -\i hlli, i\t tl ies ate gl ill tie dry 


:lvera-e Niekl 2.8 tmts iet t;lie, dl\-SeasonThis anl
plodu(lilt 	 wouldo1 per o)l'"padd.\. is inmlease of
amount I,) aly,,oximzlialk 9)(1,000()lon 

tleli (r\-sesoii production. Taking mm((unt
alboltt 6i2.(000 (),Ie (tnoe 

with
of !boil wel- and (I -SCasot) piodu(tion. the total increase, even 

t(o as
(tit .111V tIlhet iitestilleill in water OntiOtrl, (ouli tihus amontntt 


niltt ias l .0(ns ()I* "paddy per year.
 

Alternative 	1 

letei ii ainage is the main requirement for itipru)ved conditions 

for wet-season rice plrolctition (alternative 1). Inptoved drainage 

lu most of the CB and SF regions,does not appeal to be feasible 
annually

since it is 	 impossible to discharge the extess water that 

areas. In the remaining four agronomic regions, additionalfloods these 
a further expansion of the areadrainage facilities would make possible 
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planted to tile high-yielding rice varieties, although verv little infortnation is available for estimating the magnitude of ti;s expalisii,. Pre
sumably, areas that were transplanted before the w (alte s'stei(otrl 
was constrti (telwoulI ha e the ilosi favorabI)le (nditions fo the' newVarieties aIfter lilplo\ved drainage fatcilities me lovide-d, l1% alsutnl
ing that these v'aicties (oultl be gi owt oti all if the kind orig0ia;llv trals
planted, it (aIlI be estilliaed II;h[t uilltr this alttllti t :1pjdo~illl:ltCl\
128,000 hetaies, of ,abit '20 ipcicenl t iltl( ijei mca, beat wouhld 

planted to the Inew %arielics. This is all IIl(csc of tli.)00t tales.
lie( whichwould yielhl aui iic tecit ili pr iu li.t.;t) o ufu ped\ear.(it til S oIon u t 
No huiitelicl easc ill dlt\-season ll lodliollnitlai lbttl assuiiiied. although
it is ij)ssible that al iipit \scttII oili ateIIovd d iaiilag would tu Ile por
(fLU tiolt otfI \-seasoli tic ill some pia is of Ilie prjcil ta ;I s well. After 
subtra( tixig [lie iliIc(.st ii (oSIS ;Issmim(ttle with thc :iuldilioal w'el-scasonl 
lrodutioll, flilenet bicift of1 iltct llitia. I die (si m t+l to hit S8.70 per lii tatc;tt I aiihlk pie t+S.05 pct kihloIiam. S10 .9lt pct hic(t atc at ;I 
prict oI .. 1tipt kihoglaiM of ImohhH.(Oipitpaliicilat 11pci ,ilt \,dIt of
dtsenI1tl t Is wothl be .S87 alnd >109pcil I tI;le. Iclel il t blt 3) . 

Tabhe . Co1parison of additional cos s and retuirn s for alterna lke 

ap(lproachies to iopro , dentIn water control 

' 
Ill( 14q , ill{|Sis| or1 w h l[,l+ 

fllolllillduh lltlllit l I : 

Itilill altiil Alt 'i. 2 ilii ll.i
 

I ; lcir. aliltoH. 2 

1.Net (;ishrto hllis dl p price of)h (8pl.lr halto eloped ) -


SI.5 per kg
 
wet s asull ....... .............. S 8.711 41 t
S .211 
dry seaoin ...... ..................... t 
 .1.60t 
to tal .......................... 8. 711 1.t7.80 
capitiliit'd (t)1;) lhtoofit tll 87.1111 135.liii 178.1) 

,
2. Ntel(;iI l tititrls v;it padd,, In it of 

SA;.16ipcv kg 
\\vetst'-asoll .................... 
 10 9 4Lit 0+ sI,Ii{! 

ith1\sic s ll ......... .............
...... D 17.511 1 
ottl ....... ....................... I 11.!11 17.-m At.9i 

t lit (10"") I )AM.llli'' \;Ilt'( of totll 177.001 21().Of i 

. (ons[ItI lji oo t.................. . ". l ":.1111
23 187.1111 

Alternative 1: Ileontoeilii 1o illprov, wt-stStOll tloitions.
 
Alternative 2: 
 investmllt IIo rom tt drv-seasi' lic pi t -lioi(ti.
itc'lil;It|V| 
 .cstiollUpllandt31:Invetmlent to proo(te (11.). tolp pr<+thutlioll. 

.Assumingtotal area of' NW, WT.WtI , 
and EF rcgions (296;.00 I1) isdeveloped. 
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Using information from a recent engineering study (3), the drain

age factlit ics ieqiied tider this alternative are estimated to cost 

approximtatelv $55 per heIa ire. Itreased drainage, however, would 
result ill 11111' lh (Ilillg ill ihe lower lealies of the (hao Phya River, 

in luding the Bangkot,-Thnbitmi are:a. 1" prevent this, an additional 
Si per heclare (of' land benefitingexpe(diliUre ol not Illoie than 

frt tehue dt:iImge) would lhe me(tti'ld to raise the height of tihe pro

po IdmII lol dikc's tn1dili the ofBankok Thellu (( Siii (it ul (3). 
andtotal os lot- ateritit iv 1 is ilitis ci ,liiated to he between $55 

SI I, pel letaite. U11d(1 tile a suiup1i Used. iiiodes I111 IeIrlttllSs005 

(ol Ificich)tc be expelled Irml all ill\stlllcll ill ,additional dainl

]c.l liclis to i1l tease wCt-Seaso' i)pl(duti()lOn.;1e laitl w hl d a 

Allernative 2 

Io i1c1 a lel(,piotli l of rile illtiledry semtson (ahernative 2). 

it is 1lc(2esaI\ if) i1111)1 Illc (list rib)utiilt of wacl b\ augmenting the 

exiliig iibil s\slti aniod tO)at\id the intlatlion oh low-lying areas 

b\m the i'l ti1otl oaddition;l diaiiulue fh iliiics. Beoltse of deepixtI( 

loioding il tile (B atil SI vegiolls ill the wei ,easoll (whih wouhl 

hiestimx amx Si110 ires biiilt fo div-scasoii watl distribution). it is 

assititied that implementation of this alieita ix e wotld be limited 

to ile I'll ' I (Il'i:lill ;l-l'ollollli( it' i is. It the iml'io\ sicieii in 
draill:wc t' c a stumd to, bet ide' imal with those" (o,,idcled ltHider 

.littl ti\e I, il' wel-slit' l i(' (1its f tihesej [I' all i lics wo5Iltl 
be 1h1C S;1111C, lhIC dilIC.ICH(C I)C'l\,tCH I11,",t alltCHlaI xt's iltls telltls 

the i01 ,CI iil t' (oil Ile (10)"s ()it Ile 

impr'ved deliverv systemi. (osidIting lthe lilliled ailtlolill (If watet 

that will Ibe ;\i!,ilt'('\( altter ih Sirikit sto ;ige (lada is (olipleted 

in 1972 or- 1973. itis estimated thai mit(Ii :ilte tiive 2 ()il 25 peteti 

oil t' 111 li)l io (ill\ ,t;asozll. aid 

o (ie area ooo([t Ill(' aliied 1o oli\-sca';Isoll li c. This iil)lies a total 
dl\'-Sca;sol pdtlam 'd mc ,t 4d 7-1,000l ht'C l11C". W 1;boul .12,00i0 lie(larl'ts 

1ore ttlii illder illtliali\e 1, aill tesolts in all estim ted ill lease 

iii p 1 ilo 121t.0010 pet Capiiali,edi 1oo obut 1ons Ipddy 
at 10 o](Citl, the \ l (lo iht' siimlited ilveae il nel benleils wouhl 

be S I hml at a p lddy IIill ol SIY- pi kiloail, wr S175 

per Ilel at a pril ' ofI .ltthe) kilogiani (table 3). Silike the tost of 
the improved deliver systetl is estiaIed to be )ill about $23 per hc

tare (3',. that relurns assoiiated with addingitis oibvious the marginal 
alternative 2 to the proposed liust alernative' are very hi gh. 

Alternative 3 

PIroosals lo 111teast' d\-Seasol uptnd rop prodlitliol (altelna

tive ;) lime te, eived tile gteatest attention from ixli(%y makers. This 
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emphasis on upland crop production retlects a long-stanling eftoit 
to promote agricultural divetsiti(ation as well as a more recent on
cern about the long-term l)rslie(ts lor rliceeXpJOitS. Four pilot pioj
ects havel been estaiblishced iiithe N\V a-onomil: reciolos Io gaill ill
formation and experience regarding upland (lops. All of these projects 
involve land levelling plus the constrution of additional facilities to 
deliver irrigation watci to indi\'idViw latms attd to ,eilime emxess 
Ivalel, frloml Ilileli. 

Itt spite of the faot itht tht' physical irniovemients iade ill [lte 
pilot areas wet, designed t) proiot' uipland lops. a large proporlioni 
of the is )Cnt inl lc of major (lill(lease ith (ltatioll tile. A teaioll 

ialto. h atre:l.this istile of soils illthe lcit(t whith arc iInoll' 
heavy clays that aie difliclt to manage for upland clops. Ol tile 
basis of a recent laud suial)ility studs (2). itis estiuateld tit ollk II 
percent of the tultivated land ii t lie N\V. WT. \V'I. arnd l regions 
is eitIer bust suited fol )csuland (lI, ciqloafs sil ill Iclice atic! upland 
crops. .\Attc ] 17 fcitcm is(cillsic lcl t;in,,irtll ,s tited hccwulatnd 
t s,i,t best stiitel h)i icie. 'Ile ttt in it g,7- f ic(tc it is Ilassilitd 

as suitable onls lotlite. Expcrict( to date has shown that eVen (I1 
ritan\ cI ie. soi,is cldassiliccd as stcit:bhIc lot irli-at cclUltipld Itops, 

it is diffictilt t itocltice sid)ItIcs lcofita hI. To glow uland crops on 
these soils icc.lnit water skiids cxc fctict;il t ailrtagetlletcill. Il ;tfhili u. 
tt )htrl l , Ictflii Iif htc tat c. ticlarl Ir weedii.u,(d( cic c, cc fcat ci 
than (os litc. r wits th efquivalent otfIndekr cxikltu- citt ious, a Iamil ft 
thiree atiti wcLetis car mcctll ltc0.9 Itctale ()Iiplaitdltat 0.8 
l(ps. ,+rercas thfci : 1 f% mild c I .I t(tarts oflc , tc I i f1:1alht 

rice. A third1 ieas lotl the cicfccrtitlantic. cl ric illthecpilot :rcres is 
t al t t . It li;trd il p )(oIc tl1its cm (cf )cf c li lli1i i cc (nt' llt s blse 
beeti r at is l hcI . 1Icisis ict tl\ ti ibcllabl tc lotss \ilis related lo 
the Ittf ;)fl cleoil mci t, cu. ;ttrll (filetc t lhel htitcal, ric1 
p clcilicn as \tituIn\ced. Gisec itglitaitce]nceils thamtic elie t 
of, thre tetin'., it is tiautec 1t at tfit; e\sln a Ipaiflh itc fl S.0t pe'r 
kilccrar, .a f itici cclc c xpc lf t )t.cea lli is 1ric1hft lcil I i ll ibcll 
1.2 hctns cl itic' as lie cc l Iicctlliei utoduc ti o cftl .8 o 0.9 

hec tlre (i upland clops. 
Although the pUl)tisc of the impr< v'teentts itlwater (ontrol ider

,
taken iinaltritatis 3 is tc imotimv o uplarnd crcps. it seens rtore 
realistic. tonsidcfring past expetic ie. toibase the atafl\'sis ccIi what is 
likelh it hcicacct'c ricc iolcdu tiot. Cctisiderin tie labct mtsitlaiin 
cut til cccliotill 01 tjltlnd (tufs aitd 01itttdthe t0ri rsthe cit 
involved. tiehcbtnclits of ric pclttction ame probabl\, at least ;!s great 
as Ilose that Icight roi lutcling upclarnl rcps.li\ licd rt 

\ith addliticral investrtnit in itltlpt cl water tlistlilbution I;tili
lies anti lad levelling, silte ilc tease illwet-stc:stot \iclds icild be 
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ex pected. Using data from tile pilot p,.'-ts, it is estimated that 

yiells of the ,ditional varieties woiuld rise by about 350) kilograms of 

paddv lcrp hctare, whereas those of the new varieties would be 

al)oti 20 piei( it Ihet thain that. Plrdlction (outd a'so be expected 

ito iit icit, itt tilt'(it seasitit. ()t the basis of experience iinthe pilot 

Jtjcict(s,it is .stimatted that lillet lige yields of tile int the dry 

seasoniWoitll te al least :130)l) kil(gaitis p)el . itmn, whih is 500 

lo' sittiillll ill lieasuliti liteliis itider alternative 2.tIot t Il 
itoie elitii int tst01 wller that would prtsllullal)lV resuitAltholgh the 

fromt lInd le ight a laigci thian islhlliliul ikc possible plarineld area 

altiiatie 2. thler saiisla(i t basis ot estiiiiiaingmisailatble with isito 

wete sattiCe in
ile ttatillid tie i in ti.; 11e.I t Ite 1)lateil areau the asit o 


the }iet\i l Ilt tple \alite ttet
at. ;iit;ili/ed ohilt( targintal benefits
 

Iroti alllitli\ I \vOitld lie S178 It Ieetate at a 1I~adldp'ile of
 

05ltier kil ti, iii lS7 it liettaie at a tite of SM.0per kilgran
 

ii padi\. 11, tikcl\
asseetvisilt ho lieicile itlile pilt plije ts ile 

\eil,,'c dh-Seoll \ield alie hi.hei thanl 3,3( kilogrtits. or ifthe 

area ilai"! in tlhe ci\ sea5ttt is larger titain lotaltiiliati\e 2. tlhen 

the itnit.ease intlietiis wilmd be men greter. 

l itl td ,lie dt\eil f tll;iti\e3 islie illigini i (ost si\ in )llitt IIlit 


estiiated to be atlj)ioxilitelv ' SIS,7 pier Irtie ,tn1st of which is hlt land
 

e thiat Of levellittg
the iost ONillevelling. "lteic is.litweei, srtife eli luvii 


uighit he redimed b) liuth ais C tI lantd is
as .'ltper eietia htfiere pie

palid oil\ for Tite lpiiduti it.. A (oita:itisoil iit Ihese ists wilIt 
 te
 
nliav
est~imated tet bIe dtillOtstlrates while la\rtableltit llIs 


be Ixissil)le ftitit tihe uciititial 

nefits thtat. 

itici)lcit'lictitiiii ilte tiative 3. the
 

antitipatetate Af reti istutsidtrbly lowetr t fiatl ltettatin v 2.
 

Developmtent wl tegict 

hut (li of tiltetftte ilitativesAltihouglh tite estiiates luescltd 


ateltdC( iialis 1ilc, it is isiblt lii ta teltttts he
laolabe iti(ld 


obtaitned hotn all ihce Ioliiics invokling additional ill\csilelit. The
 
the plioje(t
irtnitedile illi~luiicttt ll oo lfellili.t ltrioughlut 


alllcllitiiic.. stintdpoint.
area would he Ithe pitlicid sltllttc ili 

Biut beaiuse lutds ate linitied, it would he ittlietI istikto exue tlsilt

ulltcollis impllemnitat tiltn the at el. Iilnsead, itttjletittamti ctitiire 


lion of ,tl:eiitis 3 woulid es I it hi ligini, letielits o sollie retas 

btt not to ithis. Sutit strateg woulidf tet cloie istlt itt onitsilet
alulc illt'ifhi itsatitilttglli tielt'switihiil itt llit' ile ~ie. 

The ptelerteid stitaieg, riti ihle staniidpoint 01 ciil\ wolh teitlhe 

oif the tIhre'e stiatlegy.Set(iii detliittill alteiisies. I'lidel his 


dliainagei t ilities wotld lie (osttili tei fitst (tlihtellitive I) itd lul

pi tlo tiott
lowsed Iys iltlslestttteis ittaude to inlease dl\-scason timc 
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(alternative 2). Finally the land levelling would be done and tie 
water distribution improved, as proposed under alteriative . But 
because the analysis indicates that fhe highest average relurns are 
likely to l)e asso)imied with alterinative 2. ihis strateg would be 
ecohiolli(a;llh ifielfitieti. 

A compronise strategy wouhl be to imtplemtent the seonl alterna
live as rapidly as pissiml e thoughomti lie area. and then follow with 
investments illwatel distrib~ution ald !and levelling (alterllalive 3).
This Comlroilise wioildl testi in relatively innior efliriency losses as 
compared with the oitst (fli, strategy elaltivelv llinor equityienl atid ill 
losses as compared with the lost equitalble ap)pioaei. 

Summary and Implieations 
The sttdv veealed that while lie large-stale water (oltmiol fSAilities 

lp]e a tain the H':,of the (Clm Phin ] ic~jittof liailand have resulted 
in a S'.,lthsta li;;iil)eac,ill ilrl i nl(otlles. tle rl e iof leltint to the 
ptublic inlxl,,t,111( ldilites lasbeetn imodest. ta oging inl theillthese 
neighlorhtnlol1 t to) lc leeltt. Tlhe gains. whihi have been (0lcen atled-
ill those liars f1 fle :ale;t that dlo io) litiiiallll]v eJperietn e dep 
lh ditig l Iteel iedc tiililv . redonin lie ol wet;ie l 0 lclai ig risk 

seasOll (t p] isseas lti;ited with1loth ilildt'tli;lt' w;llel ;ltlextessive
 
flooding,. ] etll watel 
 t iti l illthese ale;as his ilso nlade it iossible 
to ilctte 111c ;ml-a o[ li~c t lalp llitcd ratt ril 1 ll Ibromha(sl. whi(l:. 

finder t1ie \vt'r iiiInagtiiIll 1ditljolls pe\ alenl illheIreai , has led 
a1lease 

prlOductliohI, espetially of rit, 

io sonewhia I highi vieliIs. It addi tion. som 1e illdrv-seasottl 
has to tIlrted as a t tI oft Ie pIoijet I. TuIIIs

far, tle l)roje( has had little elt't iln the lodtiatI iot tl topland (iois in 
tlhe (iv seasontt. ;intll te tl sllt e disal lltiil lle tI gtts ellillieill o)i(ials.

)eep Ilotdil still ((ii ii , nltu;llv tlit htitliotll at r<xilti:ielv hall 
of the alca' sllidietd. I-atltslc' ill these alas h;ts letreii\ed lew lete
fits fronm fhe waler t ntltl fat ilities. Velv large exltetdilres wtuhld 
be requiired Iltot nletely (otn l the inlsive IlitOnitiIls tf Wvlet t hat 
imove throlgl the i isetl s\,tIcll dillill, (liltw%'etstCasiti. illlakilng it ec o l i ;al l i nf ] ,ti.m ict al 1 1 ) ail lc llpt I t x ' l t11 c l l nllllo o(d i ng- o f 

tliee areas. it tintts ill i iwe aitcs aite Iltis titnlikelx to gailt sulhstln-Iially- Ifllin ttn1ther ifl~p m\cifl Is ill the \%alef (olmo"l Imlililies. 
Better W-atel Ittiil helis to tleate iniellsiloittlelll ill whih tle 

benelits (d ill agi iit irh let loilihxittimcitnlts 11.1 tanl be realli/ed, 
)llIlits tat. INle t-Xistel(e of water t tIm ililies tllier(tllil illtile 

region fI ( ;lat iljelithe (i eater pht;t has not ledI t) spe(tattlar 
(hanges iul ldiiilogy. The niajiti dilli iltvl allleals itobe tht tlhe 
crucial elenent tI the lew leholihigv in liteiprodll tioti - the high
yielding varietics - requires better draiiiage han geierally exists ili 
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the area studied. This suggests that high priority should be given to 

improved drainage: however, the (onstruction of drainage canals, 

while iniproviiig the ittlalion iii sonie areas, la l) calse increased 

flooding i-i ollichs. lhis plobleni stisttiiiially reduces the let bene

tits il at lbe ic )l4 iiv\'endiieni Io) iill)Oxe (raillage.(;ii t.\Jt'(tcd l ;ii1 

T]he ); o)ilH (li,(ti sugg(sts iliat tie new ritc iechilogy has 
, 

ill( ic(ist'd ih' ielati c a i aiitage of ri(c ail li: t 41) no1liiveh 'aditn

age prublem'm. Ihu thUt' (hM) Ilhi\i aie;a o1 Thailanid, whiih has irafi

oilllipt ' advantage in the )rodii(uitio of ice, maylioiall\ hiad Iai
hlime lost pall of this, mtxalitage Ib\. the (I\Chqlol' llo a tedhtnolop) 

ilit is hlto itadil\ toijjible1 l1c alea. lhis also ,IugLsts that the 
(Chao 1 , .a ,atc;1 w ou hldI( apq Ialr"c benef its, Ihoi :1 tre;akilhiol ,h in 

l(R,11 ( l h ltts to l de c l'h l h igd h- yic 'ld illg \ a ir ici ', I huit wou ld th 'i \ 're 

u nl ldel lon d itio l l loX l d r;li ullace an. d lilol aw'll( d l(]ihs o 1 slltan ing 

water. Slidh a (evelo)mnl t would again increase tihle (ot)llipartive 

a(kaiitage ( WlIhis iibiil njod.(liilog ;aia oh Hiailanlh. alll wl1 

imt'nu ol taie of larc in.vesi ilcinls to . .o e (raillage.greatl\ redti(ce 

14i s\'SiCiii to sull rlt dr\-seasoi
Thc ip l):)ilitit', of ihe wi lel ton 

prodluttion ha\t i;il11ci( ollsklil( l been overeslhiiiattd. Recenit ex

pei ien( ini pilot linit'ii , (leIi ".tiraies thait the oligillal iil\estiin-It
 
ini wv l l tild Imtilitic,, li;t\ hlia\c bet nt ol , hol oue-lhild to one

totl;1 i si iiie lquilt'l t pl\idi tilt' dcg ee fit water 
(tt)1rol '4esmt for the widesprea~d piod(tioi ofi ilOlis iii the dryhal 1 tiof CS it he 

season. Tit' study suggt4,s tha i It it(' [ii ini impino',C'ltq inred en.siillt 

(daiilage aid distilitioti. iaid poisibly also in liind h l\elliti'. 1ouhl 

yield lavol;iblcI (ciizi". But Ihc aIIgU iIIll sillictiiiies put holwarid, 
ihllm thet o)iigina~l iln\tint cill hli I(cawt d lelt I )tclilil l l : I lalge 

ill(rease ini}lriti(ti(on 1hould a \Cl smiall investmenltt i' tihled, is 

11111c li l i( .
Bo(th lilt Tlhai go( i ll lcilll andl( intlltllli()lml itall2o~~ \t ,elillh 

sied im p ol.O"u 11.le ;tt' .(olilol .,\ stc.' l llthe Illpo',c of ',ulpoll

lilt Ihlle }p <ldm i<oil of di\-nt,cam (iop~s othethal~ ll tiieC. Butl the ltechni

tal p c 4 wih Ihi i e tsof iilliiti i h is iv et'lierallik'bi 5ill isly;ss)i'd i 

betin lliti, iuniiiilted. .\1ld while sonit' \ers iiselil isct:iti'li 41l the 

duiofu bleioliiis hias beei nlifertakenlechii(c.al tii fd-season (i<if)iopig 

in reuni ii yeais, to(glh piiol)leis ieiiiaili tI) inake ih, itui s to tile plrodti

tioli oft ilialls (fh-r-sasoilli 4 ips low an 1111(luli iiFi Fnliellire, the (iitOll

teristi(s of the soils anid the laloi requirtiit'nis suggst that ;nily' increase 

ill dll-Selso)p oduction is 1ioc Cikel\ to lie iii ihe o1i f1 ri(e than 

il)llip l (lops. RieLuilis ti iesotites invested riiilyti io iili(re se ithe 

output oh uphaitl in Plhia reuion aic likely to be low.nols the (:mii 
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