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DETERMINANTS OF PUBLIC INVESTMENT: IRRIGATION IN INDONESIA

KNTRODUCTION

The rate of accumulation of public and private capital is a key
facter in economic growth. A number of studies have examinad the
determinants of private investment in developing countries, but with the
exception of early work by Hayami and Kikuchi (1978), there has teen
Vittle systematic analysis of the determinants of public investment,
which accounts for a large share of capital formation. Analyses of
private investment behavior have treated public investment as
exogenously determined, and have examined whether public investment
affects private investment positively, by reducing private costs of
tnvestment or increasing the productivity of private investment; or
negatively, by crowding out private fnvestment (Gandhi, 1990; Tun Wai
and Wong, 1982; Sundarajan and Thakur, 1980).  This paper 1instead
examines the determinants of public fnvestment behavior, using the
example of government irrigation investmen* in Indonesia. Irrigat.on
investment accourted for more than onc-half of public expenditures in
agriculture in the 1980s, and publicly-funded irrigation accounts for 85
percent of {:rigated area and 75 percent of rice production in Indonesia
(Sudaryanto, et al., 1992; Rosegrant, et al., 1987).

Do governments act as rational socia) planners, allocating public
resources so as to maximize net social returns? This question is

explored in this paper, which analyzes public investment behavior in
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frrigation in Indonesia using a behavioral model adapted from Mundlak
(1988), which 4in turn 45 a varfant on Jorgenson’s (1967, 1971)
neoclassical investment model, The paper first describes trends in
frrigation investment in Indonostai presents the theoretical investment
model: specifies the empirical model, data, and estimation procedures;
and then describes the results, followed by a summary and conclusions.

TRENDS IN IRRIGATION DEVELOPRENT

Annual frrigation development oxpenditures and area compioted by
type of investment, 1969/70 to 1988/89, are shown in Figures 1 and 2.
The annual data is summarized by five-year development plan (Repelita)
1 Tables | and 2. The government frrigation budget is divided into
four main categories: now trrigation construction, which tincludes
investment in  new reservoir and diversfon irrigation systoms,
rehabilitation of existing irrigation systems; swamp and tida)
trrigation, which are small systems with relatively few water contro)
structures that rely on natural flooding or tidal movement for wator;
and river and flood contrel. As shown in the figures and tables, the
irrigation investment program grew dramatically during the first three
Repelitas. Real expenditures in the third plan were more than four
times Targer than in the first plan. Howover, expenditures declined by
almost 20 percent between Repelila 111 and Repelita 1V,

Rehabilitation received the Targest share of oxpenditures in the
first plan, over 40 percent of the total, Although declining in

relative importance, rehabilitation expenditures increased substantially
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in absolute terms through the thirg plan, but dropped by 32 percent in
the fourth plan. Over the course of the first three plans, expenditures
on construction of new irrigation systems inereased rapidly and recetved
the largest aggregate share of oxpenditures, averaging 38 percent of
expenditures during the first three Repelitas. Real axpenditires on now
construction increased noarly ten-fold between the first and third
plans, before declining by 12 percent in the fourth plan. The swamp and
tidal frrigation development program, which roceived nearly 30 percent
of expenditures in the first Repelita, has doclined in velative
importance to about § percent, but recaived a nearly constant level of
eéxpenditures through the first three plans, Like the other programs,
swamp and tidal irrigation investment dec)ined sharply in the fourth
plan, by 31 percent. After a small inittal program, river and flood
control recefved about 30 percent of expenditures over the Tast three
plans, with a decline in expendtture of over 9 percent in the final
pariod.

The completion of physical areas by type of development aver the
first four Repelitas 1s shown in Table 2. Area rehabilitated totaled
§50,000 ha in the first plan, and declined steadily thereafter to
150,000 1n the latest Repelita. Completions of new frrigated area more
than doubled between the first and third plans, to 436,000 ha, before
declining to 198,000 ha in the fourth plan. Swamp and tidal frrigation
peaked at 450,000 ha completed in the third plan, before also dec)ining
sharply. Areas brought under river and flood control in the fourth plan
were less than half tho totals in the third plan,
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A number of fagtors have baen hypothesized to cause the Targe
reduction in the {rrigation investment program in the fourth plan,
tncluding declining oi1 prices and a slowdown in growth in gross
natfonal product (both of which reduce government vevenusjy and
declining world rice prices and increasing costs per hectare of
irrigation investment, which reduce the social profitabitity of
fnvestment in irrigation (Rosegrant, at al., 1987). To what oxtent have
these factors caused the reduction in irrigation investment? The next
section develops a model of public investment behavior which attempts to
explain changos in trrigation ‘avestment over time,

THEORETICAL INVESTHENT MODEL

The model of public investment behavier is based on the assumption
that the government acts to maximize not social returns over time,

First, define the multi-period net returns to investmont:
Re = pfolvie K) - wyy, - ""l:(kt * 9Ky) (1

where the outpu. of the investment 1is represented by a production
function Flv, k), v {s a vactor of variable inputs and & is the vector
of capital, p is the output price, w ts the vector of input prices, q is

the vector of prices of capital, K s the time derivative of capital X,
g 1s the rate of depreciation, and t denotes the time pertod.

The decision 1s formulated as an intertemporal optimization problem
in which the government selects the time path of investment that

maxfmizes the expected present value of the stream of net returns R,
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If r is the discount factor and Ve and Ky are the variable and capital
input allocations, the problem is to

Maximize £, (o T*R(t)at (2)
(KEt), vit))

subject to the initial condition K(0) = Ko and the transversality
conditton 1im {e "'R(t)} = 0, Ey(X) s the expected valye of ¥
o

conditional on the information set &t twp, Assuming certainty
equivalence and an interior solution, first order conditions for v,
indicate that along the optimal path, the quantity of input allocated to
each technique at t does not affect revenues in subsequent periods.
Consequently, the problem can be sulved recursivelyy the first step is
to determine optimal fnput Tevels v ev(s,), where s, = {Per W K,)y the
vector of state variables. Because of the recursive nature of the
problem, the first stage solution for ' 1s determined using standard
single period-profit maximization procedures equating each input’s value
marginal product to its rea) price in each period.

Longer run investment decisions are determined in the second stage

of the optimization by choosing K, to maximize:
Ey [[e ™t n(s) - qUk + gk))at )

where #(s) =sp§Ft4«wa’. subject to the constraints of (2) and conditioned
on the first stage solutfon for variable inputs,  Suppressing it's

denendence un s and t, the Euler equation for this problem {s:




- qlrag) g w0 (4)

where ¢ is the time derivative of q. This equa.ion states that, at
optimal capital levels, margina) productivity of capital is equal to

user cost. Solving (4) gives the optimal time path of capital KveK(z),

where z«(s, r, q, ¢, g), the relevant exogenous state variables for the
investment, decisions, Optimal or desired demand for investment 1s the

difference between the optimal level of capital and that currvently
available:

I*(z) = (K*-K) (8)

Determination of Actual Investment

The framework described above derives the optimal or desired
cepital stock as a function of the specified state variables. The
actual stock of capital, however, does not in general  adjust
instantancously to changes 1n the desired stock. Instead, changes in
desired capital are transformed into actual investment through a partial
adjustment process (McGuirk and Mundlak, 19915 Gandhi, 1990; Clark,
1979 Jorgenson, 1971; Koyck, 1954),

In the partial adjustment model of in-estment, {t is assumed that
capital is adjusted toward its desired leve) by a constant proportion of
the difference between desired and actual capital, or more generally, as

a weighted average of past levels of desired capital. Using the same
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notation as above, but restoring the time subscripts, a general partial
adjustment model can be defined as follows:

(KeKead w Flog) (KoK ) | (6)
or
I, = fla,) 1,'(2) (7)

where J, ts actual {nvestment, and f(a,) 15 a function representing the
adjustment process in moving from desired levels of capital stock to
actual levels of capita) stock.

A number of theories have beev advanced to explain the partial
adjustment model of {nvestment, tisner and Strotz (1963) first
suggested a theory based on the interna) costs of adJjustment to the
firm.  In this theory, firms Pay a penalty for having a capital stock
different from the desired level, and incur adjustment costs in
attempting to move to that level. The actua) {nvestment ts that which
minimizes the total costs in the trade-off between having less or more
than desired {nvestment and the costs of adjustment (Clark, 1979).
Internal adjustment costs include the physical Tags in the planning and
implementation of desired capital investment,

McGuirk and Mundlak (1991, 1992) and Gandht (1990), on the other
hand, stress the importance of external adjustment costs, such as the
avatlability of resources to the firm or to the government. External
resource constraints may be fmportant for both public investment, which
relies on tax and other revenues to finance new fnvestment, and for

private firms. In developing countries, in particular, the availability
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of loanable funds may not be fully reflected in the interast rate, With
imperfect capital markets, loanable financtal resources may be rationed
at prevailing interest rates,

The model utivized here decomposes the adjustment costs fla,) into
the internal costs and the external costs or resourca constraints. The
internal costs of adjustment, which induce physical Tags  in
implementation of desired investment, are represented by a distributed
lag operator. The distributed lag process describes the structure and
perfod of the transformation of desired {nvestment into actual
investment,

This process of implementing desired investment, howaver, 1s also
conditioned on the availability of external resources. The impact of
external rosource constraints on actual investment take place within the
same pertod, and are assumed te be proportional to the desired or

optimal Tevel of new investment (Gandhi, 1990; Blejer and Kahn, 1984;
Coen, 1968). Thus,

fle,) bRl (e/1) + L{+) (8)

where the ¢, are the resource constraints and L{+] is a distributed 1ag

n
operator such that L[X(2)] = § B,2,,. The resource constraints can
LLY

include variables such as gross national product or government revenues,
if the decisfon maker is the governmght; or commercial bank credit to
agriculture and rural savings, if th farm is the decision maker,

Substituting equation (8) info (7) provides the relationship
between actual and desired investmént:




n
Iy e %“t"i * ;m Belioy (9)

The model thus states that actual investment 1s a function of the
avatlability of financial resources, and of the Tagged values of the
exogenous determinants of desired investmant.

ENPIRICAL SPECIFICATION

For the empirical estimation of the doterminants of irrigation
investment in Indonesta, investment is disaggregated into the four main
categories of now irrigation construction, rehabilitation, swamp and
tidal frrigation, and river and flood control, Investment functio. s gre
estimated for total irrigation invostment and by type of investmoent. As
tmplied n the theoretical model of public 1investment behavior,
investment in each type of {rrigation is estimated as a function of the
net profits generated by the tnvestment relative to net profits of other
sectors, the costs of investment in frrigation, and the avatlability of
public resources for investment. The investment model is estimated
using two alternative definitions of profitability of irrigation, The
measures of profitability of investment in irrigation are based on the
relative profitability of rice praduction, which accounts for over 80
percent of frr.gated arca. The alternative definitions of profitabitity
used are the world price of rice doflated by the manufacturing unit
value index; and net rice revenuos per hectare (world rice price Limes

rice yleld per hectare less fertilizer and labor costs per hectare)
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doflated by the index of valuo added por capita in the non-agricultural
soctor,  The latter measure s g praxy for the profitability of
rosources utilized in the non-agricultural sector,

For the total investment function, the cost measure 15 the area-
woighted real average cost per hectare across the four types of
trrigation development, while the {nvestment functions by typr of
investment ut1}ize the real cost per hectare for each type of irrigation
development,  The proxy variables for the avellability of public
resources are the rea’ gross nationa) product per capita; and the rea)
world price of o011, The lptter variable is included bocause of its
large impact on governmont revenues, and on availability of foreign
exchange. The modal is spachf%ed in general form as follows:

n
IRREXP,, = Qg + @y GNPC, » oy POIL, + ¥ By WPRICE,
(L
(10)
n
+ L0, COSTHA, ., *+ 1,
# #0

where IRREXP, 1s the expenditures on frrigation of type 7, GNPC s the
per capita gross national product, POIL 1s the real world price of oil,
WPRICE 15 the real world price of rice, COSTHA, 1s the real cost per
hectare of irrigation developmont of type 7, and p, is the stochastic
error term. Alternatively, REVRICE, the net rice revenuo per hoctare
deflated by the index of value added per cap ta in the non-agricultura)
soctor, 1s utilized in place of WPRICE as the moastre of returns to
irrigation.
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The genoral form of the distributed lag cannot be effectively
ostimated boecause of the Tloss of degrees of  freedom and
multicollinearity botweon the price and cost vuriables in time ¢t and the
lagged values of these variables. In order to make the problom
tractable, a suructure is imposed on the distributed Tag based on the
construction process of {rrigation projocts,

The actual specification of the lag structure 13 an empirica)
question. Among the lag structures widely used in the Titerature are
rational, Koyck, and polynomial distributed ags. In the analysis here,
the lag structure can be dotermined based on ohservation of the actua)
physical implementation process for frrigation systems. The lag process
in irrigatfon construction suggests a polynomial distributed lag of
degree two. Lags in tho irrigation devalopment process include lags
between project appratsal and approval, between approval and initiation
of construction, and between tnitiation and completion (Svendsen and
Ramirez, 1990), As a result of this process, expenditures on a project
generally follow a quadratic polynomial distribution, with relatively
small but increasing expenditures in the early years; large expenditures
in the middle years of construction, as the headworks and main canals
are constructed; and then declining expenditures as secondary and
tertiary canals are completed (Figure 3). In order to ostimate
fnvestment models consistent with the stylized facts of the irrigation
construction process, the By and 0., in equation (10) are therefors
restricted to be on a polynomial of degree two and length n,

Suppressing the subscript ¢ for type of firrigation for clarity of
presentation,

et




- 12 -

Bymby +bys+bys? sul,...,n (11)
g 2cy vy s ve, 82,  swl,...n (12}
Substituting (11) and (12) into equation (10} gtves

n
IRREXP = 0y + ay GHPC, + ay POIL, § (by+bs+b,s?) WPRICE,
8

(13)
n
+ L (coveys4c,8%) COSTHA, , + p,
(]
or
* by ZWPRICE), + by ZWPRICE,, + ¢, ZCOSTHA,, (14)
* €y ZCOSTHA, + ) ZCOSTHA,, + i,
where
n n
ZWPRICE, = L WPRICE i ZWPRICE,, = T s WPRICE,.;
8 ) 80
r n
WPRICEy, = T s WPRICE, ;i 2COSTHA, = § COSTHA, .
o0 s+
n n
ZC0STHA, = T s WPRICE, _; 2C0STHAy, = 5% COSTHA,
&40 (L]

Thus, irrigation expenditures (IRREXP,) are estimated as a function of
the constructed variables ZWPRICE, and ZCOSTHA,,, and the resulting

estimates of bj and ¢; are utilized in equations (11) and (12) to compute
estimates of B, and 4,.
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Lags in drrigation construction vary from project to project
depending upon the size and type of the project, location, and
efficiency of the construction process. The final step in specification
of the empirical model s determination of the length of the lag. Use
of F-Tests for goodness-of-fit introduces a substantial upward bias in
Tag length (Maddala, 1988). The Schwarz posterior probability criterion
for model selection is therefore uti)ized instead of the F-tast. The
Schwarz criterion incorporates both a measure of precision of the
estimates and a measure of parsimony in model parameterization and
therefore eliminates the upward bias in choosing the lag length
(Ramanathan, 1989; Judge, ot al., 1980).  Based on the Schwarz
criterion, a Yag length of five years is utilized for rice price and
revenue in the total investment, new trrigation construction,
rehabilitation, and river and flood contreol investment equations, and a
*hree year lag length 1is used in the swamp and tidal investment
equation. For the capital cost variable, a five year Yag s utilized in
the swamp and tidal frrigation investment equation, and six years in all

other equations,

DATA AND ESTIMATION PROCEDURES

The variables utfiized in the vartous specifications of the
regression model are defined in Table 3. The sources for the basic data
are as follows: (a) Directorate Genera) for Water Resource Development
(DGWRD), Ministry of Public Works for real annual expenditures on new

trrigation construction and real capital costs per hectare for
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trrigation developments (b) Central Buresu of Statistics (CBS) for real
gross national product, net vevenue per hectare for rice, and the index
of value added per ¢, ita in the non-agricultural sector (¢) the World
Bank for the real world price of rice and the real world price of i),
The data covers the period 1964.88,

A1l estimated equstions showed statistically significant serial
correlation, Estimation of the tota) {nvestment equation was therefore
undertaken using generalized least squares with correcticn for seris}
correlation, The set of equations by type of investment were estimated
45 a system, using Zellner‘s generalized least squares estimator for
seemingly unrelated regressions, with correction for sertal correlation,
In each equation, rho was estimated using the maximum Tike)ihood

estimator suggested by Beach and MacKinnon (1978).

RESULTS

The esttmated equations for the price and revenue models are
presented in Tables 4-5, and the ostimated elasticities of irrigation
investment with respect to the exogonous variables computed from these
equations are shown in Tables 6-7.  The results are in gonora)
excellent, and confirm the strong impact of relative profitability and
resource or financial constrainis on public investment in irrigation in
Indonesia. The signs of the estimated parameters are in most case$ as
predicted by the theoretical model and highly significant, and the R?
range from 0.84 to 0.98 (Tables 1-8).  There 1s Yittle to choose from
between the price and revenue models: the geodness-of-fit 1s virtually
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the same, and the estimated elasticitias are similar, Whila the results
overall strongly support the hypothesized affects, the results that
differ from prior expoctations also provide interesting tnsights.

For example, for the swamp and tidal irrigation equation under both
price and vevenue formulations, most of the signs of the estimated
parameters and the long torm olasticities are unexpected {Tables 4 and
5). Per capita GNP, prico of oil, price of rice, and rice rovenue all
have negative long teem offects on Swamp and tidal f{rrigation
investment. A possible explanation for these results is that investment
in swamp and tidal trrigation is guided more by soctal welfare goals
other than by maximization of social ratun,.  Swamp and tidal
irrigation investments have been undertaken mataly in conjunction with
the "transmigration" program, which seeks to rolocate rural familios
from the densely populated island of Java to other tslands.  The
government may be operating so as to matntain incentives for
transmigrants by increasing swamp and tida) frrigation expenditure
Tevels as compensation during periods of declining rice prices or income
levels,

The equations for Lotal frrigation, new trrigation, rehabilitation,
and river and flood contro) all show positive effects on investment in
time ¢t of an increase in the cost per hectare of irrigation during time
pertods ¢ and/or ¢-1 (Tables 4 and 5).  This relationship scoms
counterintuitive, but s in fact plausible. An incroase in the cost per
unit of investment will have two offects: first, the increased unit cost
of now projects will be reflectod also in an increased per unit cost of
on-going projects, which will have the effect of increasing the tota)
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expenditures {n the on-going portfolio of construction; second, as
prodicted in the model, there will be an {nduced shift out of 1rrigation
and into more profitable investments, The positive impact of cost
increases on expenditures in the initia) years indicates that the first
effect Vs domtnant fn those years. In the Tong run, though, the
relative profitability effect dominates (Tables 6 and 7),

The negative effect of price in portod ¢ on tnvestment in period ¢
in several of the equations 1s 1ikely explained by the tendency that, in
the short run, a price increase will cause diversion of government
expenditures from tnvestment to consumption expenditures. Oue to the
political {mportance of stable rice prices, the immediate response of
the Indonesian government to & rice price increase may be to divert
funds from irrigation and other long torm Ynvestments to the financing
of rice imports to relieve short term prico pressure. In the longer
run, the expected positive impact of the price increase on investmonts
dominates for total treigatfon and new irrigation construction, but the
diverston-of-funds effoct dominates for rehabilitation,

The elasticities of irrigation investment with raspect to per
capita GNP range from 2,00 to 3.11 for tota) frrigation, new trrigation
construction, and rehabilitation, and 4.81-6.45 for river and flood
control, While the elasticities are large, they do not seem excessive,
since a small percentage change tn per capita GNP generates Targe shifts
tn government revonues relative to trrigation expenditures. The impact
of the world price of o1l on frrigation investments is also substantial:
with the exception of the negative elasticity for swamp and tida)
trrigation (see above), the fnvestment elasticitios with respect to the
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price of ol range from 0,38 to 0,79 (Tables 6-7) for the different
types of irrigation.

The long run elasticity of response for new {rrigation
construction, river and flood control, and tota) irrigation investment
to world prices are 1.00, 4.03, and 1.04, respectively (Table ). 'The
price elasticities are negative for rehabilitation and swamp and tidal
irrigation, as discussed above. The investment elasticities with
respect to revenues are similar to the price elasticities: 1.02, 3.3,
and 0.83 for new construction, river and flood control, and tota)
irrigation investment, respectively; and negative for the other two
types of irrigation (Table 7).

Finglly, the long run elasticities of investment with respect to
the capital costs of ftrrigatton are negative for all types of
frrigation, in efther model specification. The elasticity of tota)
tnvestment with respect to capital cost is -1.04 in the price model and
-1.06 in the revenue mode), and ranges from -0,70 to -1.93 for different
types of trrigation and different models (Tables 6-7).

SUHMARY AND CONCLUSIONS

This paper presented a partial adjustment model of public
investment behavior based on the neoclassical investment model, and
applied 1t to public irrigation tnvestment in Indonesia, In the model,
desired investment in irrigation is a function of the profitability of
fnvestment in irrigation relative to other investments; and actual

investment adjusts over time to desired levels, conditionnd on the
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external costs of adjustment represented by financial resource
constraints, and the internai costs of adjustment, which induce physinal
Tags in the implementation of desired investment.,

The results are consistent with the hypothesis that the Indonesian
government acts as a soctal planner, maximizing net social benefits in
the allocation of resources to frrigation investment subjact to rasource
constraints.  The government is highly responsive to both economic
incentives and resource constraints in determining investment levels,
The Tong run elasticities of response of total frrigation fnvestment and
new irrigation construction with respect to world rice prices are about
1.00, and with respect to capital costs of trrigation 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 cyclical process in prices and
production: low prices drive down long term investment, which then Tead
to reduced production and upward pressure on prices, and an upward cycle
in investment, destabilizing prices and production (Hayami and Kikuchi,
1878; Levine, ot al., 1989).  However, the relatively long lags
estimated here in {investment response to prices imply gradual
adyustments in {nvestment to changing prices over time. At any given
potnt in time, the fnvestment level is in effect a function of Tong run
average rice price and average capital costs per hectare, conditioned on
availability of resources. The relatively gradual Tong term adjustment
process will tend to dampen the cyclical effocts arising from investment
response to changing rice prices,
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Figure 1. Urigation Development Expenditures. indonesia, 1969/70 to 1988/89, at 1975/76 prices.
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Figure 3. Stylized pattern of expenditure on irigation construction,
from Inception (year t-n) to completion (vear 1),
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Table 1. Real {rrigation development expenditure, Indonesia, by type of development,
Repelita I through Repelita I y 1975/76 prices,

Type of Repelita.l Repelita I] 21ita JII Repelita
Development 1969-73 1974-78 B%ngs-ﬁl 1984-8&"L¥
e rrvmrrenrennv s bi111on Rp ----- emmmmaumn hanan
Rehabilitation 73.7 138.8 263.4 179.5
New construction 38.3 185.,7 358.0 316.5
Swamp/tidal 150.0 50.1 54.6 37.6
River and flood contro) 9.9 207.8 237.2 215.6

Source: Ministry of Public Works, DGWRD.
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Table 2. Physica) area completed, Indonesia, by type of development, Repelita 1
through Repelita IV.

Type of Repelfita ] K%nﬁl1§£mll Repelita I'L Repnelita tv
Deve?opment 1969-73 974.-78 1979-83 1984-88
L R I T - . ‘000 h& qqqqqqq LI R R N,
Rehabilitation 953.5 527.4 394.7 151.7
New construction 191.2 325.9 236,2 197.9
“wamp/tidal 178.7 179.2 454.5 120.3
River and flood control 288 .4 613.7 578.5 256.0

Source: Ministry of Public Works, DGWRD.




nzﬁu

Table 3. Definition of variables for estimation of trrigation {investment
functions, ATl variables ave on an annual basis, 1964-1988,

Yariable Pefinition

IRREXP, Real expenditures on new {rrigation construction, thousand
US$, 1985 prices, by type of investment.,

WPRICE Real world rice price, Thai §% broken, FOB Bangkok, US$/mt,
1985 prices.

COSTHA Real capital costs g)er ha for new {rrigation
construction, thousand US$/ha, 1985 prices.

POIL Real price of oi1, Saudi Arabian OPEC Market Crude,
US$/barrel, 1985 prices,

GNPC Gross national product per capita, USS, 1085 prices,

REVRICE Net rice revenue deflated by the index of value added per

capita in the non-agricultural sector,
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Table 4. Paramater astimates for trrigatior investmant equations, price model. tevalugs in paventheses.

Paramater tmmgcafi’ar Irrigation Invastmant Equatisns,
A i

Total Wow TFFig. Rehab 111> Swamp/1 (1 River & Flood
Lerigat ton sonsteuet lon mﬂcm lrriwu;m ﬁmtml

CONSYANT 1320012 08 «4THE02 0 =67545. 23 25640770 =1254570.77
(-2 38} {«2.48) {0 43) (8 10) (=15.80)
GNPE 3538 a4 1307 60 864.13 «251. 18 205 b
{$.27) {2 84} {3 04} {+5 44) {5.62)
PO 13793 &2 6652 4 1200 .70 =380.07 38} .07
(7 86) {3 69) (& 79) (~56.98) {2.33)

WPKRIEE
L& 138 20 -89 1 «136 99 =23 95 &9 08
{«2 06) (=418 {«5 14) (-1 44) {2.23)
{1 168 16 52 &7 -0 2% Bw 212 10
(v en {1 24} {-3 3 {3 56} {7 o1}
i) 3w 118 & ~if 3?7 20 08 86 80
(7 83) (3 02) {«0 &0) (3 16) (10 €n}
(-3 304 63 136 2% 21 16 =32 13 20} &6
{9 4] (3 B1) {1 16) (-2 28) (11 1y
iod. LrEa 107 &8 47 83 . 288 00
{7 90; {3 29} {2 82) {9 20)
L3 FL IR w0 45 &5 . 18 &
(2 43) {6 B3} {2 08) (4 0%)

COLTHR
te 145G 27 43 33 8 6% g4 50 1)
{8 39} {312 {1 07) (-0 80) (4 BO)
[ 234 67 16 4 B 13 -3 52 +4 14
{7 ¢4; {0 92) (-1 53) {-) 68) [<0 B4)
[ BOY §# 14 04 AT -6 00 32 17
(-4 92} (30} {+3 %) (-1 86) {-4 08)
-4 156 88 ) <29 2 Sl ~4B 99
{-8 48} (-2 73) {-4 §8) (-3 15} (-6 92}
{4} Ha e =36 20 =30 20 11 70 <39 659
{1l 84) (-3 §3) (-8 08) {-4 31} (-6 02)
(% 817 G -34 0B 25 17 16 1 =B 68
(-0 88} {-4 81} {-4 84) (-2 63) {-1 %))
{6 418 70 23 1% LY . 47 8%
{-0 67) {1 08) {-) og) {-3 04)
Y {predrcted/oboer ved) (1] 0 92 093 08 0 4

ha -0 5 -0 15 -0 63 0 73 -0 4%
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uble § Prrasater estimates for irrigation tnvestment equations, ravenve model, tevalues in parghthuses,

Paremter tstimgn for Trrigstion Investmant Equations,
X,

Total New Trrig. RORABYTE="  Swamp/TidaT BIveF & FTood
; !rr!g 4t von mmma 1on wctition Imgmgp {onten _
CONSTANT «06640. 00 «401929, 00 1408, 16 263604.50 ~855036. 68
(-6.17) {+3.14) (6.03) (6.58) (9.92)
GNRT 2608 70 1062 30 806,84 »254.45 1644.33
{2.92} {¢.00 {2.88) {»4.94) {3.11)
ol 15177 60 6813, 30 Y09 8% =203.38 .2
(6 32) {3.16) (5.42) (=0.72) {1.98)

REVRICE
{6l 270 49 -8 1) 197 8} »36.85 22.50
(-2 60) (-1 22) {+6 23) {-1.52) 10.35}
(-1 131 83 80 97 120 " 21 0 2075
() 62) (o (4. 14) (2.12) (4.17)
{0 32 g 145 64 47 93 26.13 31 62
{6 32} (2 60) (-2 18) (2 89) (7 16)
-3 468 00 180 26 -9 08 A2 20 334 8%
{7 1064 {3 39) {~0 3%) (-2 22) (8 39)
4] 397 4% 192 99 2% 85 . 6 66
{6 08) (3 20) {0 93) i
{8 172 9 B2 %3 4% . 137 65
{2 14) LY {1 38) (2.96)

AT
t ¢ 1495 30 4 67 -} 82 -2 64 66 11
{6 60} (2 92} (-0.1%) (-0.74) (4 33)
{5} 362 47 1 0 -6 8P \3 70 450
{2 13) {1 20) (-} 40) (-1 7%) (¢ 48)
(-2} -508 76 -7 88 16 06 -5 52 VST
1+3 20) {0 63) {-2 68) (-1 92) {3 81)
(-5 <1018 41 -5 03 20 4B -8 11 “51 59
{6 89) (-2 1%} {-3 8%) (-3 15} {~% 81}
[+48) 1116 3 -3¢ 44 -6 03 “11.40 46 11
(+10 1) (-3 1) {-7.85) (-3 98) (=7 14)
(-5} 852 68 -38 08 29 89 -15 67 -18 76
(11 29) (-5 12) (-5 54) (-2 28} (-2 67)
{6} 377 39 ~29 99 -31 69 . LT
(<1 &8) (2 60) {2 21) {1 82)
W (predicted/anrerved) 6 97 0.9 0.02 004 093

rho ~0 80 =0 11 D 58 -0.10 =0 36




Table 6. Elasticity of {rrigation investment with respect to GNP per capita, the
world price of ofl, the world price of rice, and capital cost per hectare
of {rrigation {price model),

Parametor Estimates for !r¥igatfonttnvastmant Equations,
y_Type 'nves

Total New Ireig, Rehabi17-  Swamp/Tidal —River & Flood
Irrigation  Construction  tation Irrigation  Control

GNPC 2-61 3-11 2015 ‘1057 6¢45

POIL 0.42 0.52 0.74 -0.09 0.38

WPRICE, Long 1,04 1.00 -0.33 -0.08 4.03
Run

WPRICE
(0) 0.12 -0.15 -0.40 -0.17 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 . 0.77
(-5) 0.11 0.08 0.14 . 0.39

COSTHA, Long 1.04 -1.35 -1.68 -1.76 -0.70
Run

COSTHA
( 0) 0.74 0.69 0.14 -0.10 0.77
(-1) 0.12 0.16 -0.13 -0.12 -0.06
(-2) -0.31 -0.23 -0.31 -0.19 0,57
(-3) n,54 -0.47 -0.41 -0.29 -0.78
(-4) -0..8 -0.58 -0.42 -0.43 -0.61
{-5) -0.42 -0.55 0.35 -0.62 -0.14
('6) ‘OOO_B '003? '0020 ~ 0-66
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Table 7. Elasticities of irrigation investment with respect to GNP per cepita, the
world price of oil, tha net revenue per hectare of rice, and capital cost
per hectare (revenue model),

Parameter Estimates for erigatignilnvastment Equations,

o By Iype of ,
Total New Irrig, Rehabili~ Swamp/Tidal River & Floo
Irrigation  Construction tation Irrigation  Control
PoOIL 0.46 0.53 0,79 -0.08 0.43
REVRICE, 0.83 1.02 -0.68 -0.14 3.3)
Long Run
REVRICE
( 0) "O‘la 'Otl? 'O|43 '0.20 0:06
(-1) 0.09 0.12 -0.26 0.16 0.53
(-2) 0.25 0.29 -0,13 0.14 0.80
(-3 n.30 0.3% -0.02 -0.23 0.86
(-4 0.26 0.30 0.06 . 0.71
(-5 0.1 0.13 0.10 . 0.35
COSTHA, -1.08 -1.07 -1.93 -1.74 -0.74
Long Run
COSTHA
‘ 0 0»81 0-80 '9!03 '0010 Ioox
(-1 0.18 0.27 -0.14 -0.14 0.07
2 -0.26 -0.13 -0.23 -0,20 -0.53
"‘3 ’0'52 '0-40 ’0:31 '0-30 '0079
'4 '0-59 '0'55 "0037 .0742 ‘0571
2.5 '0.48 '0058 "0.42 '0058 '0328
§ -0,19 -0,48 -0,43 “ 0.49






