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DETERMINANTS OF PUBLIC INVESTMENT: IRRIGATION IN INDONESIA 

XNTROOUCflON 

The rata of accumulation of public and private capital is a key 

factor" in economi c growth. A numbor of studies have oxami ned the 

determinants of private investment 1n developtng countries. but with the 

exception of early work by Ha~'am1 and Kikuchi (1970) t thoro has t eon 

little systematic analysis of the determinants of public investment. 

which accounts for a largo share of capital formation. Analyses of 

private investment behavior' havo troatod public investment as 

exogenously determined. and have examined whether public investmont 

affects private investment positively, by reducing private costs of 

investment or increasing ttl", productivity of private 1nvestmont; or 

negatively. by crowding out prtvate investment (Gandhi, 1990; Tun Wa1 

and Wong I 1982 i Sundarajan and Thakur, 1980). Th 1 s paper 1 ns tead 

examines tho detorminants of public investment betH.vior, using the 

example of government irrigation 1nvestmcn· in Indonesia. Irrigat,on 

investment accounted for mora than one-half of public expenditures in 

agriculture in the 19805, and publicly-fundod irrigation accounts for 85 

porcent of 1: rigated area and 75 percent of rico production in Indonosia 

(Sudaryanto, at al., 1992; Rosogrant, ot 81., 1987). 

Do governments act as rational social planners, allocating public 

resources so as to maximize net social roturns? This question 'Is 

explored in this paper, Which analyzes public investment behavior in 
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irrigation in Indonosia using a behavioral modol adapted from Mundlak 

(1988), which tn turn 1! a variant on Jorgenson's (1967, 1971) 

neoel ass ica 1 investment model. Tho fH1POt" f1 rst· dosert bos tronds 1 n 

irrigation invostmont in Indonos1a; presents the thooretical invostment 

modelt specifies tho empirical mode'. data. and ostimation procedures; 

and then doscribos tho results. followed by a summary and conclusions. 

TRENDS IN IRRIGATION O£V£LOPNENT 

Annual irrigation devolopment cxpondituros and aroa comp'Joted by 

type of investment. 1969/10 to 1988/89. are shown i~ Figuros 1 and 2. 

Tho annual data is summar1l0d by fivo-year dovelopmont plan (Rcpel1ta) 

In Tables 1 and 2. Tho government irrigation budget is divided into 

four mal" categories: new Irr1gatio~ construction, which includos 

1nvestment 1" now rtlservo1r and diversion irt~1gatton systoms; 

rohabl11tatlon of oXlsttng irrigation sYltoms~ swamp and tidal 

1rr1gatlon. which aro small systems with rolativoly few water control 

structures that rely on natural flooding or tidal movcmont for water; 

and r1vor and flood control. As shown 1n tho figures and tablos. tho 

lrrigatlon investment program grew dramatfcal1~ durlng tho first throo 

Repcl1tas. Real expenditures in tho third plan were more than fout" 

tlmos larger than in tho f1rst plan. Howovor, expenditures declined by 

almost 20 percent betweon Repolila III and Repol1ta IV. 

Rehabllttatton received the largost share of expendituros in the 

flrst plan, over 40 percent of the total. Although declining in 

rolative 1mportanCO f rohab111tatton exponditures incroased substantially 
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in absoluto ter'fllS through tho third plan, but dropped by 32 percent in 

tho fourth plan. Over the course or the first throe plAns. expandttures 

on construct ton of new irrigation systems increased rapidly and received 

the largest aggregate sharo of expenditures. avoraging 38 percent of 

expenditures during the ftrst three nepol1tas. Roal oxpenditures on now 

construct 10n increased noar1y ton-fold bot.ween the first and third 

plans, beforo declining by 12 percent in tho fcurth plan. Tho swamp and 

tidal irrigation development program, which rOCttvod nearly 30 percent 

of expenditures tn the first Ropel1te. has d~cl1nod in relative 

importance to about 5 percont. but rec~tvod 4 nearly constant 1evel of 

expenditures through tho first throe plans. like tho other programs. 

swamp and t1dal irrigation invostmont doclined sharply tn tho fourth 

plan, by 31 percent. After a small initial program, rho)" and flood 

control receivod about 30 percont of expend1turas over tho l~$t throe 

plans, with ft declino in oxpendlture of ovor 9 percont in tho final 
perlod. 

Tho completion of physical areas by type of develQpment over tne 

first four Rcpe11tas 1. shown in Table 2. Area rehabilitated totaled 

950,000 ha in the first plan. and decl1ned steadily th~roaftor to 

150,000 in tho latest Repo11ta. Complotions of new irrigated area mora 

than doubled between the ftrst and third plans. to 436.000 hat ~e'oro 

doclining to 198.000 ha tn the fourth plan. Swamp and tidal trrtgat10n 

peakod at 450.000 ha complotod in the third plan, before also declintng 

sharply. Areas brought undor river and flood control in the fourth plan 

wore less than half tho totals in tho th1rd plan. 
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A numbor of faetor$ have blum hypothesized to cause the lat~ge 

roduction in the irrigation 1nvostmunt program in the fourth plant 

including declining 011 prices and a slowdown in growth in gross 

national product (both of whtch reduce govornmont rovenu~), and 
doclining world rice prices tlnd increlsing costs por hectare of 

h-r1gatton invostment. which reduco tho social profitabiltty of 

invostment in irrigation (RosIgrant. at al., 1987). To what oxtont havo 

those f 4ctors causod tho reduction in irrigation investment? The noxt 

section develops a model of public invQstmont bohavior which attcmpt$ to 

oxplain changos in Irrigatton 'nvestment ovor timo. 

THEORETICAL INVESTMENT HODEL 

The model of public invostment bohavior is based on the assumptton 

that tho governmont acts to maximtzo not social returns ovor timo. 

first, deftne tho multi-poriod not returns to .nvostmont: 

(1) 

whore tho outpUIo of tho invostmont 15 represontod by a production 

function F(v. K). v is a voctor of var1able inputs and K is tho voctor 

of capital. p i$ tho output price. w is tho vector of input prices, q 15 

the vector of pricos of capital. K is tho tlmo derivative of capital K
t 

g 1$ the rate of doprociation, and t donotes tho timo period. 

Tho decision 1$ formulated as an tntortomporal optimization problem 

in whieh tho governmont select$ tho time path of invostment that 

maximfzes tho expocted present value of tho stream of not returns R
t

• 



If r il the discount factor and vt and Kt arttht vlriab'e Ind capital 
input allocatfof)s) the problem tsto 

(2) 

subject to the initial ccmdft10n 1«0) .. Ko and tho transversal tty 

conditton lim [e~'tR(t)J II 0. £o(Xj 1$ tho oxpected value of X 
t ... 

conditional on the informatton set It t-O. Assuming certainty 

equivalence and an interior solution. first order conditions for v
t 

indtcato that along tho optimal path. tho quantity or input allocated to 

each technique at t does not affect revenues in subsequent periods. 

Consequently, the problem can be sulvod recursively; the f1r&t step is 

to determine optimal input lovflls Vt*\:1V(St), whero St lit (Pt. '''tt Kel. the 

voctor of stato variablos. Because of the rocu~'s1ve natur\o of the 

problem. tho first stage solution for v,' is dot.ormined using standard 

singl0 portod-proflt maximization proceduros equattng each input's value 

margtnal product to its r'oal price in each period. 

lonoer run 1nvo5tmcnt decisions are doterm1ned 1n the second stage 

of the opUm1zation by choosing K
t 

to maximize: 

(3) 

wharf! W(5) t# PtFt""Wtv,\ subject to tho constraints of (2) and conditioned 

on the first stage solution for variable inputs. Suppras&ing it's 

den~ndenc~ ~n sand t, tho Eulor equation for this problom is: 



(4) 

whore ~ is tho time derivativ~ of q. This equa~ton states that. at 
optimal capital lovols, marginal productivity of capital is equal to 

usor cost. Solving (4) gives tho optimal time path of capital I(*-K(z). 
where :-(s. r. q, fl. g), the relevant exogenous state variables for the 
invostmont decisions. Optimal or desired demand for 1nvestmont is tho 

difference bob/can the optimal level of capita1 and that currently 
BV! 11 able: 

1*( z) • (K* .. K) (6) 

IUU.ru:IJli!J.f!11QO gf a~tY.Dl. lDygst,maQl. 

The framework descr 1 bed abov~ det-1 ves the opt ima 1 or des 1 rod 

Ctap ita 1 stock as til funct ion of tho spec i f1ud state vari abl as. Tho 

actual stock of capital. however, does not in general adjust 

instantaneously to changos in the dosired stock. Instead. changes in 

desired capital aro transformed tnto actual investmont through a partial 

adjustment process (McGuirk and Mundlak, 1991; Gandhi, 1990; Clark, 

1919. Jorgenson. 1971, Koyck, 1954). 

In the partial adjustment modol of in'8stment, it fs assumed that 

capital is adjusted toward its desired level by a constant proportlon of 

the differenca between desired and actual capital t or more 90ncrallYt as 

a weighted average of past levels of desired capital. Using the same 



notation as above, but restoring the time subscripts, • ttlneral par-tia', 
adjustment mode1 can be defined as fonows: 

(6) 

or 

(7) 

where 't ts actual invostment, and f(Qt} 16 a function representing the 

adJustmont process tn moving from desired lovols of capital stock to 

actual levo1$ of capital stock. 

A number of theorios have btu). advanced to explain the parttal 

adjustment modol of invostment. tisner and Strotz (1963) first 

suggested a theory based on tho Irltt rnal costs of adjustment to tho 

f1rm. In thts theory, firms pay a ponalty for having a capital stock 

difforent from tho desired levol, Rnd incur adjustment costs tn 

attempting to move to that level. The actual investment is that which 

mintmizes the total costs 1n the trado-off between having less or more 

than desired investment and the costs of adJustmont (Clark. 1919). 

Internal adjustment costs include the physical lags in tho planning and 

implementation of desired capital investment. 

McGuirk and Mundlak (199), 1992) and Gandht (1990), on the other 

hand, stress the importanco of external adjustment costs, such as tho 

availability of rosources to tho firm or to the govornmont. Extornal 

rosourco constraints may bo important for both public investment, which 

relies on tax and othor rovonues to finance no\'J investment, and for 

prtvate firms. In developing countries, in particular, the availability 



of loanable funds may not be fully refloctod in the interest rate. With 

imporfect capital markttts t loanable finane'tal resourcos may be rationed 
at prevailing 1nterost rates, 

The modol ut 11 i zed hero decomposes the adJustmtlnt costs f(tl
t
) into 

tho intornal costs and the external costG or resourr~ constraints. The 
intornal costs of adjustment, which induce physical lags in 

implomentation of dosirod investmont. are represented by a distributed 

lag operator. The distributed lag process describes the structure and 

poriod of tho transformation of desired investment into actual 
investment. 

Thts procoss of 1mplomanttng desired invostmont. howover. 1$ also 

conditionod on tho availabtlity of external resources. The impact of 

oxternal rosource constraints on actual investment take place within tho 

sarno pOt"iod, and are assumod to bo prollort1onal to tho desired or 

optimal laval of now invostmont (Gandhi, 1990; Blejer and Kahn, 1904, 
Coon. 1968). Thus, 

(0) 

whore the c, ara the resource constraints and L(.) is a distributud log 
n 

oporator such that L[Xt(z)] a L /Jult .. ,. Tho rosource constraints can 
IPO 

include variables such as gross national product or governmont revenues. 

if the doc1sion milker is tho govornm~hti or commercial bank credit to 

agriculture and rural savings, if th farlTl is the deCision maker. 

Substituting equation (0) in 0 (7) provides the relationship 

between actual nnd desired tnvestm nt: 
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(9) 

The modol thus statos that actual investment is a function of tho 

availability of financial resources, and of tho lagged valuos of tho 

exogonous dotorminants of dosirod investment. 

EMPIRICAL SPECIFICATION 

For tho omptr1cal estimation of the dotorminants of irrigation 

investment in IndoneSia, investmont is dis8ggrogated into tho fou~ main 

categories of now irrigation construction, rehabilitation, swamp and 

tidal irrtgation, and river and flood control. Invostmont functto, ~ arp 

ostimated for total 1rrtgatton invostmont and by type of investmont. As 

tmpl1ed 1n tho thooretical model of public investment behavior, 

investment 1n each typo of irrigation is estimated as a function of tho 

not profits generated by the investmont relativo to net profits of other 

sectors, the costs of invDstmont in irrtgation, and the avaflability of 

public resources for invostment. The investmont modol is o"t imated 

using two alternativQ dof1n i t1ons of profitablltty of irrigation. Tho 

measures of profitability of 1nvestmont in irrigation arc based on the 

relativo profitabiltty of rico production. which accounts for over 80 

porcent of 1rr.gated area. Tho altornative dofinitions of profitability 

usod are the wOI"lrl price of rico doflatod by tho manufacturing unH 

value index; and net rice revenuos per hectaro (world rice price Limos 

rice yield per hcctnro loss fertllizor and labor costs por hectare) 
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doflatod by tho indox of val~o added POl" capita in the non-agricultural 
Boctor, Tho latter measure is a proxy for tho profitability of 

rosourcc£ utilizod in tho non-agricultural sector. 

For tho total investmont functton. the cost measure is tho area. 
weightod ronl average cost POl" hectare across the four typos of 

irrigation development, whilo tho investment functtons by typA of 

invostment utllize the roal eost POl" hoctaro for each typo of irrigation 

developmont. Tho proxy variables for the avp.~labflity of public 

rosources arc tho rca' gros, national product per capita; and the real 

world price of oil. Tho lpttor var1abl0 is includod becauso of its 

largo impact on governmont \revenuos, and on ftva11'lb111t,y of foro1gn 
I 

exchango. Tho modal is specllfted in gonoral form as follows: 

n 
IRRCXP It g 0'0 ... 0" GNPC, ... tlv2 POlL, ... r Pit WPRICE

t 
.. 

,..0 

n 

... i 0 Ie COST/lA, t"1l ... 11t 
Gil() j 

(10) 

whoro lRR£XP, is the expenditures on irrigation of type it GNPC is the 

per capita gross national product, POlL is tho roal world price of oil. 

WPRICf is tho real t'lOrld prier:1 of rico. tOSTI/AI 1& the real cost per 

hectaro of irrigation dovolopmmnt of typo i~ and ~t is the stochastic 

orro~ term. Alternativoly. REVRICE. tho not rico revonuo per hoctaro 

deflated by tho indox of valuo addod per cap' tft in tho non-agricultural 

soctor, is utilizod tn placo of WPRICE as tho lnoasl:ro of returns to 

irrigation. 
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The general form of the distributed lag cannot be effectively 

estimated becauso of tho loss of dugroos of freodom and 

multicollinoarity botween tho pytico and cost Vth'1ablos in time t and the 

lagged valuos of thuse vlH'1ablost Itl order to make tho problem 

tractablo, a s~ructuro is imposod on tho distributed lag based on tho 

construction process of irrigation projocts, 

Tho actual specification of the lag structure 1r; an empirical 

questton. Among tho lag structures widely used in the literature are 

rational. Koyck. and polynomial dIstributed lags. In the analysis hero, 

the lag structure can be determlnod basad on observation of the actual 

physical implementatton process for irrigation systems. Tho lag process 

in irrigation construction suggests n polynomial distributed 1ag of 

degree two. Lags in tho irrigation devulopmont process include lags 

botwDen project appraisal and approval, botween approval and initiation 

of construction, and betwoen initiation and completion (Svendsen and 

Ramirez. 1990). As a result of this process. expenditures on a projoct 

genorally follow a quadratic polynomial dlstrtbution, with relatively 

small but increasing expendituros 1n the early years; large oxpendituros 

in tho m1ddle years of construction, as the handworks and matn canals 

arc c~n5tructed; and then decl ining expenditures as secondary and 

tertiary canals arc comploted (Figure 3). In order to estimate 

investmont modols conSistent with tho stylizod facts of the irrigatton 

construction process. tho Ph and 0'1 in equation (10) are therefore 

rostrtctod to be on a polynomial of degreo two and length n. 

Suppro~s1ng the subscript ( for type of irr1gati(\n for clarity of 
prosentation. 
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$ ItI 1, . ••• n 

Substituting (11) and (12) into equation (10) gives 

or 

n 

... I (cO+C tS+C2S2 ) COSTllA t "'$ +lJt 
• .0 

lRREXP Cl Qo ... Ct t GNPCt ... Q2 POI Lt ... bo ZWPRICEot 

(11) 

(12) 

(13) 

... b, ZWPRICE'tt ,.. bz ZWPR/CElt ... Co lCOSTHA
Ot 

(14) 

... c, lCOSTlIA't ... (:2 ZeOST/IAlt ... Ilt 

where 

n 

Z'''PRIC£Ot a r WPRICE t '1l t 
8"-.) 

,. 
ZWPRICE2t Itt r S2 WPIUCE t '1l' 

1r.(J 

n 
ZCOSTlIA 1t a L S WPR I C£ t '1l ; 

&-.0 

n 
ZWPRICE,t 0 L S WPRICEt~; 

Ic() 

n 

ZCOSTHAOt Cl r COSTHA t "8 ; 

1110 

n 
ZCOSTHA2t c r s 2 COSTlMt"'S 

uti() 

Thus, irrlg tltion expendituros (IRRlXJ\) are estimated as a function of 

the constructed variables ZWPRICcjt and lCOSTHAJp and tho resulting 

estimates of bJ and cj are utilized in equations (11) and (12) to compute 

estimates of Po and Os' 
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Lags ~n irrigation construction vary from project to project 

depending upon the size and type of the prOject, locat1on~ and 

effiCiency of the construction process. The final step tn specification 

of the empirical mode' is determination of the length of the lag. Use 

of F-Tests for goodness·of~f1t introduces a substantial upward btas 1n 

lag length (Maddala. 198a). Tho Schwarz posterior probability criterion 

for model selection is therefore uttlized instead of the f.tast. The 

Schwarz criterion incorporates both a measure of preciSion of the 

ost imat.u and a measure of parsimony in model purtlmetoY'izatlon and 

therefore eliminates the upward bias in choosing the lag length 

(Ramanathan, 1989; Judge, at al .• 1980). Based on the Schwarz 

criterion. a lag length of ftve yoars is utilized for ric! price and 

revenue in the total investment. new irrigation construction, 

rehab111tation, and rivor and flood control investment equations. and a 

three year lag length is used in the s\l/amp and tidal investment 

equation. for the capital cost variable. a flve ytar lag is utilized in 

the swamp and tidal irrigation 1nvestmont equation, and six years in all 

other equations. 

DATA AND ESTIMATION PROCEDURES 

The variables utilized in the various specifications of tho 

regrosston modol are defined in Table 3. The sources for the basic data 

are as follows: (3) Directorate General for Wat~r Resource Development 

(OGWRO), Ministry of Public Works for real annual expenditures on now 

irrigation construction and real capital costs per hectare for 
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irrfgation development; (b) Central 8ureau of Statistics (CBS) for real 

gross national product, net revenue per heetare for rice. and the index 

of value added per C'f Ita in the non-agricultural sector (e) the Worlrl 

Bank for tho real world price of rice and thB real world price 0' oil. 
The data covers the period 1964.aO. 

All estimated ~quations showod statistically significant sorial 

correlation. Estimation of the total investment equation was therefore 

undortakon using goneralized least s~ulre$ with correctitn for soria' 
correlation. Tho sot of equations by typo of investment l+lere 9!timated 

as a system, using Zel1nor:s generalized loast squares ost1mator for 

leomingly unrolated rogre5$ion~t with correction for scrial correlation. 

In each oQuation. rho was esttmalad using tho maximum likelihood 

~st~mator suggested by Beach and MacKinnon (1918). 

RESULTS 

ThO est 1mated eqUlJt 10ns for thft price and revenue model s are 

presentod 1n Tables 4·5, and th. estimated elasttcttiu5 of irrigation 

tnvestment w1th rospect to tho e~ogonous variables computod from thoso 

equattons arc shown '" Tables 6·7. Tho results bre 1n general 

o~col1ent. and conf1rm tho strong impact of relative profitability and 

resource or financial constraints on public investment in 1rrigat1on in 

Indonesia. Tho signs of tho estimated parumotars are in most cases as 

predicted by the thooretical madill and highly stgnificant, and the n' 

range from 0.34 to 0.98 (Tables '~5). Thero is little to choose from 

botween the price and rovenue models: the goodness-of.fit is virtually 
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the same, and thu estimated elasticitios are similar. While tho rQsults 

overall strongly support the hypothesized \tflcots. the results that 

differ from prior expectations al,o provide 1nteresting insights. 

For oxamolo. for the swamp and tidal irrigation equation undor both 

price and revanue formulations, most of the s"lgns of tho esttmated 

parameters and tho long torm elasticities are unexpected (Tables 4 and 

6). Per capita GNP, price of atl, price of rfco. and rice revenue .,1 

havo nogative long term offects on swamp and tidal irrigAtion 

investmont. A possible explanation for these results is that investmont 

in swamp and tidal irrigation is guidod motllt) by social wolfare goals 

other than by maxtmtzat10n of social ratu~n.. Swamp and tidal 

irrigation 1,)veatments havl boon undortaken m'~~ly in conjunction with 

the "transmtgratton U program, which looks to relocate rural families 

from the dons,}l,v populatod island of Java to oth&r hlantis. Tho 

government may be oporattng $0 as to maintain incentivos for 

transmtgrants by 1ncreastng swamp and tidal irrigation oxpenditure 

levols as compensation durtng portods of doclining rico prlcos or income 
lovels, 

The equations for total irrigation. new irrigation. rehabilttation. 

and river and flood control all show positive of'cct$ on investment tn 

t1me t of an increase in tho cost por hectare of irrigation during tima 

portod$ t and/or t .. J (Tables 4 and 5). This rolat10n&h1p looms 

countorintutttvo, but .5 in fact plausible. An incroaso in tho cost por 

unit of investment will have two effects: ftrst. the increasod unit cost 

of now projects w111 be roflected a1$0 in an Increased por unit cost of 

on-Qotng projocts, which will have tho effect of tncroa$ing tho total 
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\'xponcHtures in the on-gotng portfolio of construction; second. II 

pr~d1cted in the modol, thore will be In induced shfft out of trrtUltton 

and into more p.·of1tablo investments. The pOlittvt) impact 0' cost 

1nC:t'tf.H'~OS on expenditures tn the 1niti8l years indicates that the first 

efFect ~s dominant in those yoars. In t.he long run. though, the 

rollt ive profit4bil 'I ty e'flGct dominatos (Ttsbltl I) and 1). 

The negative ~ffoct of price in por1od t on tnvtltmont in period t 

in several of the equations is likely explained by the tendency thlt. in 

tho short run. a pr1to increAlSo will cause diversion of governmont 

expenditure, from fnvostment to consumption expenditures. Oue to the 

politiCttl Hnportance of stable rteo prices. tho 1nvnod1ate response of 

tho Indonesian government to • rtee price increaso may be to divert 

funds from h'r1gat ion {md othor long term invostmonts tu tho financing 

of r1co imports to ,'el iCVQ short torm price prfU$Uro. In tho longar 

run, tho expocted positive impact of the prtco increaso on investments 

dominates for tota' 1rrtgatton and new irrigation construction, but tho 

d1vcrs1on·of·fund5 effect dominates for rehabilitation. 

The olastte1ttos of 1rr19attoo investmont with respect to por 

capita GNP range from 2100 to 3.11 for total irrigation. now irrigation 

construction, and rehabilitation. and 4.81"(;'46 for river and flood 

control. While the elasttcities are larga, they do not soom excosstvo, 

since a small percentago chango fn per capita GNP generates large shifts 

in government rovonuos relative to trrfgatton exponditures. Tho impact 

of the world price of oil on irrigation invQstments ts also substantial: 

w1th the excoption of tho nogativQ ela$t1c~t.Y for swamp And tidal 

trrtgatfon (seo abovo). tho investment elasticitios w1th respect to tho 
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price of 011 rlnge from 0.38 to O~79 (Tabl" 6.7) for the diffcu'ent 
types 0' irrtgatton. 

The long run elasticity of response for new irrigation 

construction, river and flood control. and total irrigation investment 
to world prtcos are 1.00. 4.03,And 1.04. respectively (Tabla ~). Tho 

price eltsticitios are negative for rehabilitation and swamp and tidal 

irrigation. IS discussed above. The investment elasticfties with 

respect to revonues ire similar to the pr1ce elasticities: 1.02, 3.31, 

and 0.83 for now construction. r1vor and flood control, Ind total 

irrigation tnvnstmont, respectively; and negative for the other two 

types of 1rrig3t1on (Table 7). 

Finally, the long run elastictties of investment with respoct to 

tho capital costs of irrtgatton are nogative for all types of 

1rr1gat1lJn, in either modol Spocification. 'rho elasticity of total 

1nvestment with respect to capital cost is ~1.04 in the price model ~nd 

·1.05 in the revenue model. and ranges from -0.70 to -1.93 for different 

types of irrigation and different models (Tables 6-7). 

SUMMARY AND CONCLUSIONS 

ThiS paper presont0d a partial adjustment model of public 

investmont behavior based on tho neoclassical inve5tmpnt modal. and 

applied 1t to public trr1gation investmont in Indonesia. In the model. 

desired investment in irrigation is a function of tho profitab111ty of 

inve~tment in irrigation relativo to other investments; and actual 

investment adjusts over t1mo to deSired levels, cond1tionnd on the 



'" 18 l1li 

external (t05tS Llf adjustment roprlsentod by financial resource 

constraints. and the intormfi costs of ad3u$tment. which induce phys1r.al 
'19$ in the implementation of desired investment. 

The results are consistent with the hypothesis that the Indonestan 
government acts as a social planner. maximizing net socta' benefits in 

tho allocat ion of resources to irrigation invostment subj~ct to res()urce 

constraints. The govornmont 16 highly responsive to both economic 

incentives and rosource constraints in dotermining investment levels. 

Tho tong run elasticities of responso of total irrigation investment and 

new irrigat10M construction with respoct to world rice prices are about 

1.00. and with respect to capital costs of irrigation are -1.04 to 
.1. 35. 

It has been argued that such a strong public investment response to 

rice prices could lead to a costly cycl1cal process in prices and 

production: low prices drtve down long term investment, which then lead 

to reduccd production and upward pressure on pr1ces, and an upward cycle 

in investment. destabilizfng prices and production (fiayami and Kikuchi. 

1978; Levine, et a1. t 1989). However. the relatively long lags 

estimated here in investment response to prices imply gradual 

adJustments in tnvestmont to changing prices over tim~. At any given 

potnt in tiMe. the investment level is in effect a function of long run 

average rice prtca and averago capital costs per hectare, conditioned on 

availability of resources, Tho relativoly gradual lung term adjustment 

process wtll tend to dampon tho cyclical effects arising from invostment 
response to changing rico prices. 



-19 .. 

REfER£NCE5 

Beach. c .• "d J.A. MacKinnon. 1978. itA Maxlmuln Likelihood Procedm-e for 
RegresSion with Autocorrolat1on,h Econometrica 46(1918:S1~5a). 

81eJer. H.L and M.S. Khan. 1904. "Government Pol1cy and Private 
Investment in Oevoloping Countries. ff Staff P,pers 31, 
Jnternational Monutary Fund. Washington. D.C. 

Clark, P.K, 1979. tlInvostmont tn the 1970$: TheorYt Performanco. and 
Prediction," Brookings ,lupors on Economic Actfvlty, 1:13 .. 124. 

Coen. R.M. 1968. "The Effect of Cash Flow on the Speed of Adjustment," 
in Tax Incentives and Capital Sptmdfng; Paper PfesentlJd at , 
Conference of Expert s be ld on Novomber 3, J961. ed. by Gary Fromm. 
The Brookings Institution, pp. 131-96. 

Eisner, R. and R.N. Strotz. 1963. .tOeterm1nants of BUSiness 
Inv8stment,tI 111 Daniel S. Suits and others, Impacts of Monetary 
Policy: A Sertos Df Re.searcb Studios Preplred for the Commission 
of Honey and Credit, Englowood Cliffs, Naw Jersey, pp. 60.233. 

Gandht. V. 1990. "Invostmont Behavior in Developing Countries; The 
CaSf) of Agriculture in Indh." Food Research Institute Studies. 
22:45-a2. 

Hayam1. V. and M. K1kuchL 1978. "Investment Inducements to Public 
1 nfras tructurc: r rr igati on 1 n tho Ph 111 pp1 nos. tl Review of 
Economics and Statistics 60(1}:70-77. 

Jorgenson, D.W. 1967. tiThe Thoory of Investnlent 6ehav1ot~1I in 
Oetermtn4nts of Investment Beh(Jvior: A conference 0' tho 
Unrversitfos·Natfonal Bureau of Committee on Economic Rcs(Jlrch, edt 
by Robert Ferber. National Buroau of Economic Research. New York. 
pp. 129·55. 

Jorgenson. D.W. 1971. "Economotric Studies of Investment Behavior: A 
Survey.u Journal of Economic Literature 9;111-47. 

"Judge, G.G .. W.E. Gr1fftths. R,C. Urfl. and T-C. Loo. 1960. Thfl Theory 
and Practice of Economotrlcs. Now York: Wiloy. 

Koyck, L.M. 1954. Distributed Lags Bnd investment Analysis. Amstordam: 
North-Holland. 

Maddala. G.S, 198a. Introduction to Econometrics. Now York: Macmillan. 



McGuirk. A. and V. ~'undlak. 1992. "The Transition of Punjab 
A9\·'1culture.: A Cf)oice of Ifachn1quo ApJ)rot.lch." Am,,.,ic,n JotJrn,' IJf 
Agricu7tur.' Economic$, 74(1992):132-143. 

McGuirk. A. and V. Mundlak. 1991. "Incenttvo$ and Constraints in the 
Transf'ormut itm of Punjab Agricul ture. ff tFPRI Research Report No. 
B7. IFPRl, Washington. D.C. 

~tund' ok. Y • 1908. II Endogonous Tochnolo9Y and the Measuromont of 
Product.ivity," in S.H. Capalbo and John M. Antle, ods .. 
Agrl'cu7tural Productivity: MeasurlJment and Exp1'tu,tion. 
Washington, D.C.: Resources for the Future. 

Ramat1athan, R. 1989. Introductory Econometrics, New York: Harcourt 
Brace Jovanovich. 

Rosogrant. M.W. and M. Svendsen. 1992. ·'Irr'fgat1on Investment and 
Managemont in Asia: Trends. Prioritios and Policy Directions," 
mimoo, Washington, D.C.: Intern~ttonal Food Policy Resoarch Instituto. 

Rosogrant. M.W .• F. Kasr~no, L.A. Gonzalos, C. Rasahan. and Y. Saefudin. 
1981. Price and Investmont Polfcl'os in tho Indonesia Food Crop 
Sector. Wash1ngton. D.C.: International Food Policy Research Institute. 

Sudaryanto. T .• Hcrmanto, Erfwidodo, and E. Pasandaran. 1992. Food 
Situation and Out1o~k for Indonosla. washington. D.C. and Bogar, 
Indonesia: International Food Policy Research Institute and Centor 
for Agro Socioeconomtc Rosearch. 

Sundarajan t B. nnd S. Thakur. 1980. "Public Jnvo~ ~~tt Crowding Out
t and Growth: A Dynamic Model Appl iod to India and Korea," Staff 

Papers 27, International Monetary Fund. Washington, D.C. 

Tun Wait U. and C.H. Wong. 19S2. "OotJrm1nants of Private Investment in 
Devoloping Countrios." JOt/rna1 of Devolopmont Studios 19(1): 18 .. 36. 



Figure 1 ~ Irrigation Development Expenditures. Indonesia.. 1969170 to 1988/B9~ at 1975/76 prices .. 
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Figure 2. Area Completed under Irrigation Development Programs? indonesia. 1969nO to 1988189" 
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Figure 3, Stylized pattern of expenditure on Irf'lgation oonstruotlon, 
from inoeptlon (year t .. n) to oompletlon (year t). 
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Table 1. Rea' irrigation development expenditure. lndones1a. by type of development, Ropolita I throuyh Repelita IV. 1975/76 prices. 

T.Y~e of fiDpg] i t~-1 Bggglj.t~" .. lJ. RfUUlljtD JJ 1 &lne] ita Jl ,o;,..;9o_v_e_o .... em_~ ..... nt_. ________ ...... 1 ..... 96_9_ .. 7 ..... 3_, ...... )914.78 )~79 .. B3 , 1~B4 .. aa , 

...................... billion Rp .•.•.• ~ ••. ~ ........ -. 

Rehab111tation 73.7 138.8 263.4 179.5 
New construction 38.3 185.7 358.0 31545 
Swamp/ t ida 1 150.0 50.1 64.6 37.6 
River and flood control .~.9 207.8 231.2 215.6 ..... _4k •• , lti .... _ .. .",M ( .. ., 
Source: Ministry of Public Works. OGWRO. 
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Table 2. Physical arall completed, Indonesia. by type of development. Rape J ita I through Repo11ta IV. 

p'*lr tJ1III!'\1IU 1 r ... I«'W'" 'li\iWIIIII_","'I.tI; J "'* b, "~ d."."" *~I'tb~." • 

•• ~ •••••••••••••••• ~ •• '000 ha ••••••••••• -•••••••• 

Rohabi11tat ion 

New construction 

~wamp/tidal 

River and flood control , 

953.5 

191.2 

178.7 

28S.4 

Source: Ministry of Public Works, OGWRO. 

527 f u 

325.9 

179.2 

613.7 
........ ~ ....... 4 Ul;li 

394.7 lSI. 7 

~16.2 197.9 

454.& 120.3 

518.5 256.0 . ,*!LNdI~~ 
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Table 3. Oof1n1tion of wU'iablos 'or estimation of irrigation investmont 
functtons. A', variable, Iro on an annual basis, 1964-1988. 

WPRIC£ 

COSTHA 

POll 

GNPC 

REVRICf 

Roal expendttures on new irrigation construction. thousand 
USS. 1985 prices. by type of investment. 

Real world rice price, Thai 5% brokon. FOa Bangkok, USS/mt, 
1985 pY'i COS. 

Roal capital costs per hi for new irrigation 
construction. thousand USS/ha, 1985 prices, 

Real prico of oil. Saudi Arabian OPEC Market C~udo. 
USS/barrel, 1985 prices. 

Gross national product per captte. USS. 1985 prices. 

Not rttv revonuo deflated by the index ot value iddod pur 
cap1t~~ In''MthO!!'9~,oaQr'f.~)tural sector, on I" 
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Tabl. ~. Par.mott, •• ttm4teJ for 1rrtg.ttor 'nvestment equat1anl, prtce modal. t"'vlluu in pat'lnth"llI . ..... b,P I ,ft n ....... t:.rw. tlJ it I tU_.' ... , 111 • t ,L '1 IbllV;$' • flf) ... 1. . RI U '.Md. 

r,I'\\lMt.r ttt 'It\Itt •• fQrlrf'tOtUon J~." •• tNnt EqUat'MI. 
rom tliW 'f;;'irl"·" '''j,,,D~~Mi,!"lD:tIJ1'S;~;T.di·i·''''''''~ '1\1vIII i~IF!ioo(f 

I" ,,10 III! .. ! l"'rts~t'Qt\ I •• __ '*_.1 ~J~Utt'c:t hln,.. ta, h'll\, I I .11 . lrl'ja..~t.\P:"", !IiII.'I .. .c:ontr~J I • u", 

COHUAtH 1n001' 99 .. 41850: Oft) "&1&U.23 258401.70 -"&4&10.77 ( .. , 36) ("',45) (.0 4$' (8 10) (-U.60) 
GNPC 3533 64 1301 60 064 73 .. 251.18 n()~ 83 1&21) {2 94~ U 04' ("6.014) (5.92) 
flO a 137tl3 til 5651 04 "60.10 .. 350·07 3UH .01 (1 56) (3 CO) (& 79) ("0.06) U a3) 
Wllkie( 

( 0) 'lte 10 -fl9 HI "138 99 "I) 95 89 0" (·t Of») ( ., Ul (-& 14' (·t .. ) UU) 
( , . 

1M! 16 ~i &, .. en ~I U 61 ~t2 10 
Ii 

I' :n (l 24) (.) ,,, USC! (1 01) 
f} U~ 2' 118 C2 -16 )1 '0 9S Uti eo (7 (3) (3 0:) ("0 (- Q) U Uj) 00 (1(,1) 

! "~l 394 t! Uf> 2~ U 16 ·U 13 '01 56 PI 61J1 (3 611 " 16) (*t tS) (11 11) 
, ·4 ~n t~ 10' 'j8 41 6l 21n co \1 G©l (3 2{11 I~ 22) (0 10} 

t; U*l lr 3~ ()1 Uj 6& 115 67 (2 4@) (0 63 I (' O~) (4 09) 
t,~~ '.tA 

t l4!i(l ~7 43 33 9 9b ., 74 50 11 
.. 

Ie 39i (3 12' (t (1) (0 60) (4 flO) 

U4 fi1 to V4 oft U .) 3~ -4 14 (U (4) (0 91) (-I 53) ( 1 66) ('0 (14) 

" Mf. 3' 14 04 '2~ .e "b 00 ·31 11 
t • 

(4 92) ( 1 30) (., ~2) (e 1 8t» ('4 98) 
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Table &. E14SttCttli of irrigation investment with respect to GNP per capita. the world priee of oil. the world price of rice. and capita' cost per hC)ctare of irrt~ation (price model) • 
,li"J.44 • tIllNt-.n .iU.,.lIIlMii1ll!tIi •• ,!*, J:I! b I~O •• JMJ ....... , ) • ..,.,., ... IdA. r .• 

Paramoter Estimates for Irt'igat1on Inwutment Equations. 
To'(:i,-·-ll'ew -frMf:--·~9~,. '''R1ver & Floo'd 1 rr.19.!~ .. ttl!t." .Co~sttucljOn •. l.~!1e.tln. lrriua,t i9,C., ~.". C,ontro1 F 

GNPC 2.61 3.11 2.15 -1.57 6.45 
POlL 0.42 0.62 0.14 -0.09 0.38 
WPRICE, Long l.O~ 1.00 "0.33 .. 0.08 4.03 Run 

WPRICE 

( 0) .(), 12 -0.15 -0.40 -0.11 0.30 ( -1) 0.14 0.14 .. 0.20 0.17 0.72 (-2) 0.29 0.30 .. 0.05 0.15 0.93 ( ·3) 0.34 0.35 0.06 -0.23 0.92 ( ·4) 0.28 0.28 0.12 0.71 (-5) 0.11 o.oe 0.l4 0.39 
COSTHA t long -1.04 -1.35 -1.68 -1.76 .. 0.10 Run 

COSTHA 

( 0) O,7~ 0.69 0.14 -0.10 0.17 ( -1) 0.12 0.16 ·0.13 .. 0.12 ·0.06 (-2) .. 0 . .$1 .. 0.23 -0.31 .. 0.19 .. 0.57 (·3) 0.S4 -0.41 .. 0.41 .. 0.29 -0.15 (-4) .. 0. ~a -0.58 .. 0.42 .. 0.43 .. 0.61 ( ·5) .. 0.42 ~O.55 0.35 -0.62 ·0.14 _,:6) .. 0.06 -0.31 .. 0.20 .. 0.66 ; • j tA. ~ 



Table 1. Elasticities of irrigation investment with ~flespect to GNP per capita. the world price of oil, tho net revenue por hecta,t of rico, And capital cost per hectare (revenue model,. 
t.'. q ita , tnr ':r; P 'M •• , .. ,7 "I _ ...... 

Parameter Estimates for tr-rigation Investment Equations, 
'Total " 'Newlri-1Y, ·1~~~'I~f·re~~,~, River & F1Qo"il ______ 11 ~1_rr_i ... Qa_t_1o_n, ... ,_ •• J~9!l!!r~f iO~~1 .,t.attonH ,!,tWat1 q!l., 'lco,O~lr~L~ 

GNPC 

POll 

R£VRICE. 
long Run 

REVRICE 

( 0) 
( ~ 1 ) 
(,,2) 

~ : i I ( .. 5 

COSTHA. 
long Run 

COSTHA 

2.00 

0.46 

0.83 

~O.18 
0.09 
0.25 
(l.30 
0.26 
O.ll 

" 1.05 

0.81 
0.18 

-0.26 
·0.52 
-0.59 
-0.48 
.. 0,19 

2.34 

0.53 

1.02 

-0.17 
0.12 
0.29 
0.3S 
0.30 
0.13 

.. 1.01 

0.80 
0.27 

·0.13 
·0.40 
.. 0.65 
·0.58 
.. 0.48 ..... · __ If ...... 

2.2& 

0.79 

·0.68 

.. 0.43 

.. 0.26 

.. 0.13 
"0.02 
0.06 
0.10 

"1.93 

.. 0.03 

.. 0.14 

.. 0.23 

.. 0.31 

.. 0.37 

.. 0.42 

.. 0.43 
T!t ..... Uw. J 

.. 1.62 

.. 0.08 

..0.14 

-0.20 
0.15 
1).14 

,.0.23 

-1.74 

-0.10 
.. 0.14 
.. 0.20 
-0.30 
.. 0.42 
.. 0.58 

4.81 

0.43 

3.31 

0.06 
0.63 
O.SO 
0.86 
0.11 
0.35 

.. 0.74 

1.01 
0.07 

.. 0.53 

.. 0.19 
-0.71 
·0.28 
0.49 n.. fit. 




