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Measuring the Indirect Effects of an
Agricultural Investment Project on Its

Surrounding Region

C. L. G. Bell and P. B. R. Hazell

Agricultural investment projects inay generate important downstream benefits for the
regions in which they are located. Using a semi-input-output model of the regional
economy, an attempt is made to quantify the downstream benefits generated by an
trrigation project in Malaysia. In aggregate the project’s downstream effects on regional
income were of an order similar to its direct effects, out the main beneficiaries of the
downstream benefits were the nonfarm households. Each dollar of downstream income
probably was supported by just over a dollar of additional investment in the local

economy.

Key words: growth linkages, input-output analysis, Malaysia, project appraisal.,

regional development.

Investment projects may generate substantial
indirect effects, or pecuniary cxternal econo-
mies, as Scitovsky would call them. These
effects stem partly from production linkages.
First, the project will generate demands for
investment and intermedizte gocds. Second,
the rise in cuatput due to the project may
cheapen supplies to other sectors, and so in-
crease the profitability of new investment in
those sectors, a case which has been analyzed
extensively by Chenery. But consumplion
linkages also come into play if the extra in-
come flowing from the project boosts the level
of final demand in tiie economy. Hirschman,
in arguing for the relative neglect of agricul-
ture in development strategies, discounted the
value of these linkages for agricultural invest-
ments. Recently, however, both Mellor and
Johnston and Kilby have renewcd debate on
the importance of these linkages for economic
growth in developing countries, with Mellor
laying particular stress on the importance of
final linkages arising {rom increases in agric al-
tural incomes.

Clive Bell and Peter Hazel) are cconomists with the Development
Research Center of the World Bank.
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It is also of interest to ascertain how the
indirect (or ‘‘downstream’’) effects of a proj-
ect affect the distribution of incomes. For ex-
ample, while an agricultural project may gen-
erate a strong rise in the incomes of all farm
househnlds, the resulting downstrecrn benefits
may be reaped by richer nonfarm households.
There is also a regioral dimension to this is-
sue. Suppose an agricultural project produces
powerful downstream effects upen its sur-
rounding region, which was previously poor.
Then, as Mellor has emphasized, income dis-
parities among agricultural regions will be in-
creased all the more, even though the income
gap between industrial regions and that receiv-
ing the project will narrow.

Ancther consideration is that knowledge
about the structurai sources of downstream
effects could be useful in improving the design
of integrated regional development strategies.
In particular, if the structure and relative
strength of linkages are known, then public
policy can aitemnt to see that such linkages
function without friction.

In this paper we propose and apply an ap-
proach to measuring thz magnitude and inci-
dence of regional downstream effzcts, bas :d
on a social accounts matrix (Pyatt etal.)and a
variant of Tinbergen's semi-input-output
method. We begin by sketching the main fea-
tures of the Muda River projact and surround-
ing region in northwestern Malaysia, the sub-
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ject of our empirical application. Next, we
discuss the considerations influencing  our
choice of methodology and then present the
semi-input-output model on which the quan-
titative analysis is based. Subsequently. we
tuse this model to estimate the direct and indi-
rect effects of the project at maturity tin 1974
on cutput and incomes in the regional econ-
omy. In so doing, we also estimate both the
pace and pattern of the region’s growth over
the period 1967-74 and those which would
have occurred in the hypothetical event that
the project had not been undertaken. Finaily,
we provide some sketehy estimates of all the
balancing investments needed to support the
downstream incomes generated by the proj-
ect.

The Project and Its Region
The project involved a total investment over

the period 1967-73 of about $270 million in the
form of dams. a canal system. feeder roads.

and drainage infrastructure for the irrigation of

240.000 acres of paddy land.' Before irriga-
tion. a single paddy crop was grown each year
in harmony with the rainfall pattern. Double
cropping tollowed irrigation. and the accom-
panying introduction of quicker maturing. fer-
tilizer-responsive varieties also has increased
vields. The incomes of the 51,000 farm house-
holds in the project’s command arca almost
doubled over the period 1967-74. and the re-
gion claimed new prominence as the supplier
of some 4070 of Malaysia’s annua! rice re-
quircments. Nevertheless, the region s still
relatively poor. with i per capita gross domes-
tic product in 1972 of $600 compared to $1100
for Malavsia as a whole.

The basis for the spatial definition of the
regional economy is discussed in a United Na-
tions FAO IBRD Report (pp. 22-24). In brief,
the region encompasses the whole of the state
of Perlis and about half of Kedah. It comprises
the irrigation command area. a further 70,000
acres of Tow-hving, rain-fed paddy land. and a
fringe arca made up mostly of rubber small-
holdings. The region’s population was 687,100
in 1972, 16c of whom were resident in towns
with 5,000 people or more. and 819 lived
within the boundaries of the irrigation com-
mand area.

CAI monetary values are i 1972 Makaysian dollars unless oth-
erwise indicated

Amer. 1. Agri. Econ,

We have distinguished between five house-
hold classes to reflect the income distribution
aspects of regional activities. Our definitions
rest on socioeconomic criteria: in particular,
endowments of labor and land. access to irri-
gation, and sector of employment. The three
agricultural household classes within the proj-
eet arca are: (u) “‘landless™  households,
which derive most of their income from em-
ployment on other paddy farms: (b) ““labor
abundant™ farm households, which possess a
high ratio of family labor to area operated; and
(¢) ““land abundant™ households, which hire
in substantial amounts of nonfamily labor.
Clearly, the household's endowments of land
and labor are connected intimately with its
labor market transactions. which underlie the
definitions adopted here,

Farm households outside the project area
are engaged heavily in “other agricuiture’ as
well as the production of rubber and/or unirri-
gated main season paddy. They also supply
labor to households in the project area at the
times of peak activity in paddy cultivation. As
their economic activities are different from
those of farm houscholds withir the project
area, and there is an intrinsic interest in what
happens to households outside, but on the
periphery of, large development projects. they
merit the status of a separate household cate-
gory.

Nornfarm households account for 35/ of the
region’s population, and they display wide
variations in income and wealth. Ideally.
therefore, they should be subdivided into fur-
ther categories However, data to place them
in more refined classes were lacking. A ma-

Jority of nonagricultural households are ethiic

Chinese. who generally enjoy higher per
capita incomes than the predominantly rural
Malays. A summary picture of population and
incomes for these classes in 1972 is set out in
table 1.

The region’s production structure was dis-
aggregated into the thirty-five sectors listed in
table 3. These definitions are  generally
straightforward. Cases arose where two or
more sectors produced the same commodity,
This happened because either the commodity
was produced under ditferent institutional ar-
rangements  with important differences in
technology and/or in the distribution of sec-
toral value added among houscholds. e.g..
small and commercial rice mills, or because
the commodity took different forms according
to its end use or tyoe of demand it could sat-

7
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Table 1. Socioeconomic Characteristics of Household Classes in 1972

Landless Labor- Land- Other

Paddy Abundant Abundant Agricultural Nonfarm All

Workers Paddy Farms Paddy Farms Households Households Houscholds
Number of households 4,367 18,045 33,426 25,333 44,047 125,239
Number of persons (thou.) 213 103.3 184.7 131.8 246.0 687.1
Average family size 4.88 5.72 5.53 5.20 5.58 5.49
Income per family ($) 1,029 1.568 2,528 1,825 4,984 3,059
income per capita {3) 211 274 asj 351 893 557

Source: Bell et al.

isfy. e.g., road and rail transport, residential
and nonresidential construction.

Methodological Considerations

Two considerations bore heavily on our
choice of methodology. First, to capture ade-
quately the effects flowing from interindustry
and final demand linkages between agricul-
ture and the rest of the economy, some degree
of sectoral disaggregation may be necessary.
Also, the evidence on household expenditure
and savings behavior suggests the need to dis-
aggregate households by income levels. These
considerations can be accounted for at any
point in time through the construction of a
social accounting matrix (SAM). In the pres-
ent case, sufficient data were at hand to con-
struct a detailed regional SAM for 1972 (Bell
et al.)

Second, because a project’s implementation
is almost invariably accompanied by changes
in the levels of regional activities which owe
nothing to the advent of the project, e.g.,
technical change, autonomous private invest-
ment, and government spending, a correct
analysis of its impact at maturity requires con-
struction of a "'picture” of how the economy
would have looked ir the absence of the
project. Pictures of the economy may also
have to be constructed for the pre- and/or
post-project situations if sufficient primary
data are not available for the estimation of
SAMs for the years in question. In construct-
ing these pictures, the most important assump-
tions concern the choice of exogenous vari-
ables. For each sector one must decide
whether output or final demand is to be fixed
exogenously. This led us to a variant of the
semi-input-output method, which can accom-
modate a choice between inelastically fixed
supply and inelastically fixed demand in each
sector-—unlike the standard formulation of the

closed Leontief system, in which the complete
bill of gross outputs follows soleiy from the set
of final demands.

A Semi-Input-Output Model

Beginning with the set of material balances,
we have

n h
(l) Xi=zaiJXj+EClk+Jl+E"

i=1 k=1

there being n commodities (sectors) and A
types of household; X; denotes the gross out-
put of sector i, a;; the input of commodity {
needed to produce a unit of commodity j, C;,
the expenditure of household class k& on com-
modity i, J; the deliveries of good i to invest-
ment activities, and E; the net exports of good
l.

The gross income of each household ciass is
made up of direct earnings in commodity pro-
duction and distributed profits from incorpo-
rated enterprises plus net transfers (R*,) from
other household classes and abroad. The first
two are taken to be proportional to gross out-
put, whereas the latter are assumed to be ex-
ogenous. Choosing physical units of measure
such that all commodity prices are unity, we
have

(2) Yo=Y wyX; + R¥,.
j

The claims on such incomes are taxes, sav-
ings, and consumption expenditures. The tax
schedule is assumed to be linear in income

(3)

Savings are assumed to be proportional to dis-
posable incomes,

(4) Sk = Sk( Yk - Tk)v

as there were no data to warrant a more com-

To = 4,Y + T,
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plicated form. Finally, household class &'s ex-
penditure on good i is assumed to be a linear
function of its total outlays on consumption,

5 Ci = vix + BixCy.

Here we must enter a qualification concerning
household’s purchases of the outputs pro-
duced by government scctors. Household:
may make small cash outlays or some ser-
vices, such as education and health, but their
overall consumption of government services
depends on the size of (exogenous) govern-
ment expenditures and administrative ac-
cess’ rather than disposable income. Hence,
the relevant C, are fixed in relation to the
corresponding gross output levels quite inde-
psendently of the houschold’s income-outlay
identity: ¥, = T, + S, + C,. However, 10
preserve the latter. the actual cash outlays on
government education and health must then be
treated as taxes, the relevant y,, and 8, being
absorbed irto T*, and 1., respectively.

Substituting (3). (4). and (5) into (1), and
combining the result with (2). we obtain the
following more compact system

SR

[T R 1

(6)

where A denotes the n x n matrix (a;): B, the
n X h matrix (8;,): ¢, the i x /i diagonal matrix
whose elements are ¢, = (1 — s)(1 — 1,): T,
the n x I matrix (y;,): E. the n x 1 vector (E)):
u, an/t x | vector of ones: J. lhe n x| vector
(J;): RP, the i x 1| vector (R*,);s.the h x I
diagonal matrix (s,): T*, the I x 1 vector
(T*,.): X. the n x 1 vector (X;): Y. the h x |
vector (Y): . the i x n matrix (w,;).

Equation (6) is written in the standard
closed Leontief form. which solves for all
gross outputs and household incomes given
the levels of exogenous demands—in this
case, deliveries to investment activities and
net exports. For some purposes, however, this
may not be an appropriate statement of the
problem. As we are concerned with the indi-
rect effects of a project. we want household
incomes to be endogenous. But in each of the
n material baiances, we are still free to fix any
two of gross cutput. deliveries to investment
and net exports, leaving the third to be deter-
mined endogenously: for the system remains
linear in (n + /) equations and (n + h) un-
knowns.

Amer. J. Agri. Econ.

In what follows, investment deliveries are
assumed to be exogenously determined by en-
trepreneurs’ ‘"animal spirits’ and/or the gov-
ernment’s development expenditure pro-
grams. This is a departure from previous ap-
plications of semi-input-output, which focus
on the “complementary bunch™ of invest-
ments which must take place in the nontrad-
able sectors to support a given increase in the
output of a particular traded good—see, for
example, Kuyvenhoven. Although our choice
is dictated by the absence of data from which a
full investment matrix could be estimated, it is
still necessary to check, if only in a sketchy
way, that the stream of exogenously specified
investment deliveries is consistent with the
changes in output levels that occur over the
refevant period.

This treatment of investment implies that
the final choice for *‘closing™ the economic
system is between fixing domestic supply
(gross output), and fixing net foreign demand
(exports). In making this choice, there are two
general considerations. First, we may wish to
create a fairly comprehensive set of social ac-
counts for some year in the past for which we
have only fragmentary information, on the as-
sumption that the parameters of equation (6)
estimated from the social accounts of some
“‘base year'’ are stable. Estimates of exoge-
nous taxes (T*), transfers (R*) and investment
deliveries (J) for the earlier year are needed.
But when it comes to choosing between gross
output and net exports, the search for data is
eased by recognizing that sectors producing
nontraded goods and services must have zero
net exports. As for the remaining sectors,
piecing together a set of estimates of gross
output levels commonly will be a less specula-
tive exercise than doing so for net exports—in
the comext of a regional economy, at least.

Second. we may be interested in forecasdng
or in simulating some hypothetical circum-
stances, such as the absence of the project.
Here, whether gross output levels or net ex-
ports are made exogenous is not a matter of
convenience or reliability in estimation. but
rather of one’s view as t¢ how the econemy
works. In the present context, the output
trajectories of some tradables are exogenous,
having been fixed by decisions made in the
past. In these circumstances, net exports must
do the adjusting. However. sectors producing
nontradables are faced with additional demand
from firms and households, and so their out-
puts will expand also. either by fuller capacity

"
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utilization or, if enough time is allowed, by
additions to existing capacity. But excess
capacity or not, the key assumption is that the
production of nontradables takes place at con-
stant costs, which implies that short-period
supply bottlenecks, and hence the rises in
prices which accompany thern, are ignored. In
tnis respect. the analysis set out is in keeping
with the general recommendations concerning
the treatment of nontradables offered, e.g.,
Little and Mirrlees.

The foregoing discussion can be translated
into a simple, comparative static account of
the development of a regional economy in
which the source of growth is the expansion of
the primary sector. In each ‘‘period,” the
supply of output from this sector is fixed, and
the 1egion faces a perfectly elastic “*foreign'™
demand curve for its products. By contrast,
the supply of nontradables is perfectly elastic,
and foreiga demand for these goods is per-
fectly inelastic (at zero).

Let the subscripts 7. D, and N denote, re-
spectively, the following sets of sectors: trad-
ables, distributive and transport services, and
other nontradables. Noting that the set of ep-
dogenous variables is the vector (E;: Xy Xt
Y), equation (6) can be rearranged as

[ [ I .
_Zlp ZAm | A 128 | Ey
7) __‘_f‘p_'ft'_’ Al —Aps 1B | [X,

0 DA o Avyy By | Xy
0 =0, | =0y 1 7 Y
][] [Bwer
o [ Je Boll — 9T
fo| " D6 7| BT
0 0 0
_+.A101 010 ff X-
Ay TO—T#U.\- 0 0__
== = i B
A 1010 By

Q, 1ol oi17] LR

where w7 and u,y are the matrices of distribu-
tive and transport margins on tiie net exports
of tradables and nontradables, respectively.?

4 1t may happen that some sectors foce completely inelastic,
albeit positive. "'foreign’” demand. In that case, they are produc-
ing nontradables at the margin and are treated as such in the
analysis, the vector or these foreign demands being E,. It should
be noted also that distributive and transport margins are carned on
gross rather than net flows, so that the formulation in equation (7}
is strictly correct unly when there are no competitive imports for
those sectors which export. In the empirical application pursued
below. that is a defensible approximation to the observed trade
parterns.
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Equation (7) is the semi-input-output model
from which our empirical results were de-
rived.

The Growth of the Regional Economy: 1967-74

Before embarking on a discussion of how the
exogenous variables and their values were
chosen, two important implicit assumptions in
our use of equation (7) shouid be noted. First,
the effects of changes in the structure of rela-
tive prices werc ignored, although in fact
the region's barter terms cof trade worsened
slightly between 1967 and 1972, before improv-

" ing strongiy over the next two years. But if

relative prices are changing, equation (7) will
be free of error in generating real value added
(measured in units of own output) if, and only
if, intermediate inputs form a Cobb-Douglas
aggregate in each sector. And even then, there
are likely to be substitution effects in house-
hold expenc'iture patterns. It should be noted
also that while the exogenous quantity flows
that drive (7) are those which occurred at the
prices which actually ruled (at one time or
another), all inputs and outputs are valued at
base year prices. Hence, changes in the barter
terms of trade are not allowed to alter the
levels of real incomes through the usual effects
of changes in prices on nominal value added;
they do so only through their effects on the
output of tradables. The only alternative to
making a foray into the difficult terrain of price
endogenous systems is to take the position
that these blemishes are the price to be paid in
using a tractable system such as (7).

Second, with the two following exceptions,
it was assumed that the structural parameters
of equation (7) also remained stable in the face
of all cther influences. First, there were the
changes in paddy production technology and
the distribution of the sector’s value added
following the introduction of irrigation and
new paddy varieties. Second, there have been
changes in the region’s population and in the
pattern of seasonal migration associated with
paddy cultivation.

Where the paddy sector is concerned, the
estimates of the technology (A;) and distribu-
tion ({);) vectors are derived largely from a
programming model which predicts inputs,
output, land rents, and wages, given certain
resource endowments and the prices of trad-
ables. The impoitant changes in technology be-
tween 1967 and 1974 were the substitution of
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mechanical for animal draught power and the
more intensive use of fertilizer on new, high-
yielding varieties. There was also a marked
increase in the proportion of value added paid
as wages to migrant laborers from the non-
preject area and other regions. although the
real wage rate rose only slightly. The distribu-
tion of value added among houschold: under-
went more radical changes. the most notewor-
thy being the full in the share of nonproject
farm households. which continued to cultivate
a single crop. although they did benetit from
additional wage carnings within the project
area. The shares of output paid as wages 1o
workers from landless and nonfarm  house-
holds both increased somewhat, while that
paid as rents (some of which accrued to ren-
tiers among nonfarm houscholds) staved vir-
tually constant. These shifts are presented in
summary form in table 2,

As tor population growth, this affects the
demand system by aliering the intercept
terms. e.. the {y, b though leaving the mar-
ginal - expenditure  proportions {B,} un-
changed.' The only population data available
are contained in the two censuses of 1957 and
1970. 'The quinguennial growth rates tor these
two subpopulations were 4.6/ and 3.7, re-
spectively. These rates are assumed to hold
for the period 1967- 72, because only after 1971
did farm incomes begin to rise strongly in re-
sponse to the arrival of irrigation: and ex pecti-
tions about alternative income levels, which

“An pernd rothe expenditure of the 4th cliss of household on
the th commodiny

[T Moo 0

It the populanon groses by g, percent and expenditure per family
sty s constant then €t prows by g percent also If. however.,
the population s stationary and cxpenditare per fanuly grows by
¢, pereent. then

Catt » Dy =y, Batl » e NC )
Combiming the two, we get

(O TAR AN LI B ORI R N (T LMl e]Cun
R I N IR N AT I
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figure heavily in the decision to migrate, are
unlikely to have been revised sharply in the
immediate aftermath. It seems plausible that
the surge in real incomes between 1971 and
1974 should have done something to stem the
outflow of permanent migrants from the re-
gion. But in the absence of any evidence, we
were reduced to guessing that the farm and
nonfarm populations were rising at 15 and 25
per annum, respectively, between 1972 and
1974,

Lxagenous Variables for 1967

Recall that an attempt to construct a detailed
picture of the cconomy as it was in the past
need take account only of data availability
when it comes to choosing between fixing ex-
port or ottput levels for cach sector, The sec-
tors  comprising  the  agricultural complex
tI=11) all produce tradable goods. With the
exeeption or sector 10, it was possible to de-
rive estimates of gross output. IFortunately, in
the case of sector 10, there were relevant data
for estimating exports in 1967, The only other
sector producing tradables is (14). and once
again data were available on ity export com-
ponents. In the remaining sectors, of course,
netexports were setat zero, although it should
be noted that the output levels of the four
government sectors are known and given in-
dependently of demand.® Deliveries to in-
vestment activities are made only by sectors
10, 14, 26, and 27. Again. the sources for the
1972 estimates provided the data for their 1967
counterparts. Of the remaining exogenous
variables. net private transfers to houscholds
were set at their 1972 Jevels, these being very
small and there being ne other pasis for a set of

* To be exact, they are completely independent of household
incomes, but slightly dependent on activity levels in other sectors
through weak interindustry linkages. The allocations to house-
holds are given exogenously and the (small) supplies to satisfy
interindustry demands are endogenvusly determined.

Table 2. Houschold Shares in Gross Output from the Paddy Sector (();)

Houschold Class 1967
I Landless 0.0179
2 Labor abundam 0.1436
3 Land abundant 0.4658
4 Nonproject farm 0.1846
S Nonfarm 0.0475

0.8594

Total

1972 1974 1974
0.0190 0.0207 0.0168
0.1442 0.1499 0.1451
0.4675 0.4859 0.4705
0.1188 0.1138 0.1710
0.0540 0.0590 0.0460
0.8035 0.8293 0.8494

* In the absence of the project.
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1967 estimates. Finally, “exogenous’™ taxes
(T*.) on houscholds were estimated in the
sume way as for the 1972 SAM. These taxes
tuke the form of licenses, fees, and duties, and
are levied independently of income levels.

Lxogenous Variables tor 1974

The relevant sectoral outputs, exports, and
investment deliveries were estimated in similar
fashion to those for 1967, 1t also should be
noted, however, that the treatment of sawmill-
ing for 1974 diftered from that for 1967 in that
net exports were set at their 1972 level. This
choice reflects the full in the volume of
Malaysia’s timber exports during the 1974
world recession and accords well with the
views expressed by local businessmen. In ef-

Table 3.
in 1972 Prices)

Effects of an Agricultural Investment Project 81

fect, then, the output of this sector in 1974 was
demand-driven. Net private transfers were
kept at their 1972 levels, and exogenous taxes
on households were estimated on the same
basis as before.

The Resules

These values of the exogenous variables gen-
erate the salient flows in the economy during
1967 and 1974 which are set out in tables 3 and
4. along with their counterparts from the 1972
SAM. Gross output rose by 55¢¢ over the
seven-year period. the largest absolute con-
tribution being made by the paddy sector,
which accounted tfor about 2147 of the total in
1974, Regional vaiue added grew slightly
faster than gross output, as output increased at

Regional Gress Output and Value Added in 1967, 1972, and 1974 ($10,090

1967 1972
Sector h (2
(I MR 15,553

10 Other agriculture 1,378 1,782
1 Savwmilling 736 990
12 Agr. machinery

ServIees 124 287
iR Machinery repairs 472 595
14 Minufacturing not

clsewhere classitied 1.867 2,141
15 Road transport 1.196 1.634
16 Riul transport 64 104
17 Hotels & restaurints YRY 1,438
[k Fidertainment 00 46K
19 Services not elsewhere

clissitied 77 123
20 Yrivite health 273 349
21 Distributive trades 2,864 4.038
R Petty trading 148 126
AR) Electricity 7 3RS
24 Witer 186 246
25 Posts &

telecommunications 125 229
26 Residential

vonstruction 1.066 1.834
27 Other construction 6.150 16839
28-3 Government! 6,764" 9777
32 Trad. tinancial services 272 451
N Maodern financial

services 171 pRK]
RE] Urban houosing 1,297 1.828
s Rural housing 2,053 2,640

Total S3.854 71.154

Total Value Auded 30.507 41.889

Note: * Denotes output devel fived exvogenously .
Source: The data source for 1972 s Bell et al.
“ In the absence of the project.

1974 19744 S0 2
3 4 th hH
12,691 28.652° 172.0 149.0
2,295 1972 166.9 164
9S54 838 129.7 3K
A 135 250.8 230.4
662 160 140.4 143.9
2244 1.9%3 120.2 3.2
1,993 1LS13 166.7 131.7
137 8Y 248 153.9
1823 1497 1843 1218
599 168 199.7 128.0
170 12 220.4 1518
118 341 153.3 122.6
1,835 3,541 1688 136.5
08 303 16616 134.7
570 194 151.3 1S4
299 249 160.2 120.1
77 241 2533 131.5
1,853 1317 173.8 140.7
2,166 1864 35.2 6.2
12.445° 12,010° 1840 103.6
59§ RRR] 219.0 168.6
289 157 169. 1 184, 1
2243 I 846 176.7 121.5
1186 2,467 155.2 129.1
K3.503 62.902 155.1 132.8
50.575 X827 165.8 130.3

" These are, tespectivels . comnercran rice mills, small rice mulls, food processing, fish processing, paddy production, fishing, estates

vaboer, smallholder rub® . rubber prosessing,
CImgation, education, nealth, and othor services, respectively.

e
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Table 4. The Level and Distribution of Per Capita Household Incomes (in 1972 prices)

Income 1967 19678 1974 19742

Household Clajs Total Paddy Total Paddy Total Paddy Total Paddy
1 Landless 131 78 130 75 242 166 140 73
2 Labor abundant 180 124 177 124 330 247 199 131
3 Land abundant 297 224 295 224 556 448 326 237
4 Nonproject farm 271 125 269 125 424 147 387 121
S Nonfarm 697 17 631 17 1,034 40 904 17

All o 412 11 187 11 660 204 521 115

* In the absence of the project

a greater-than-average rate in large sectors
which have a high ratio of value added to gross
output. such as paddy. smailholder rubber,
and government. At a more disaggregated
level. gross output from the agricultural com-
plex expanded by 70¢7. noteworthy details
being a doubling of paddy production, big
Jjumps in smallholder rubber output (8) and
rubber processing (9). and the fact that small-
scale rice mills expanded output much more
rapidly than commercial ones. Elsewhere in
the economy., there were broad gains in trans-
port (15, 16). services and distributive trades
117-22). and utilities (23-25). Residential con-
struction (26) boomed. but there was a steep
decline in nonresidential construction (27) as
work on the Muda irrigation project tailed off
from its 1968 peak. Current outlays by gov-
crnment (28-31) increased substantially.

In aggregate, houschold incomes grew by
Just over 7.5 per annum between 1967 and
1974. This rapid rate also was accompanied by
significant shifts in income distribution. The
incomes of all houscholds in the project area
grew at about the same rate. A more rapid
growth of incomes accruing to landless house-
holds from paddy production was offset by a
proportionally larger gain in income from
nonpaddy sources accruing to the two classes
of “landed™ houscholds in the project area.
Farm houscholds outside the project boundary
were less fortunate. being heavily dependent
on a single crop of unirrigated paddy and wage
employment in the project area. However, the
sharp rise in rubber output fre m smallholdings
Kept their incomes growing at a fair rate, The
incomes of nonfarm houscholds grew at only
two-thirds of the rate enjoyed by farm house-
holds in the project command area, but still
accounted for 577 of aggregate household in-
comes in 1974,

Autonomous Growth and the Impact
of the Project

Beginning with the accounting, denote the
vector {X, Y| by Z, and let Z° stand for the
vector of gross outputs and household in-
comes in the absence of the project. We have
the identity

(8)

2%y = Zagrs — 2°947)
AL g4 — ZL°1g67).

The left-hand side is the net impact of the
project in 1974, The first term on the right-
hand side is the change in 7 between 1967 and
1974 in the hypothetical event that there had
been no project construction work in 1967;
and the second term is the set of '‘autono-
mous’ changes in the regional economy over
the period, i.e.. the changes that would have
occurred had there been no project. Thus, to
examine the sources of growth in a *‘causal™
way, we muslt construct hypothetical pictures
of the economy for both years.

I‘l!i'l-l -

1967 without the Project

It may seem that we have complicated the task
unnecessarily by choosing a starting year in
which project construction was already
underway: but the defense is a simple one.
The data set on which exogenous variables
would be based is very sketchy for earlier
years, and we think it better to rest our
{minor) nypothetical modifications to 1967 on
the relatively secure foundations of the esti-
mated “‘actuals’™ than to estimate 'actuals”
for 1965 (say) on a far shakier data base. We
arrived at our hypothetical picture of 1967 by
making a change in one exogenous variable of
the set generating Z,4;: investment deliveries
by sector 27 were cut by $40 million, the dif-
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ference being the direct construction demands
of the proiect in that year.

It i1s worth emphasizing the assumptions
which implicitly accompany this change.
First, the outputs of sector 1-9 in the agricul-
tural complex are held fixed at their actual
levels in 1967, which implies that they were
unaffected by the demand for factors arising
out of project construction work. This boils
down. in essence, to assuming that labor was
in perfectly clastic supply, an assumption
made plausible by the heavy outmigration
from the region between 1957 and 1970. Sec-
ond, it is unlikely that current government out-
lays (28-31) would have changed from their
1967 levels. Third, in the cases of the remain-
ing sectors, whose output is demand-driven,
there is no problem of output capacity because
a cut in exogenous demand will reduce output
ievels. Fourth. private transfers and lump sum
taxes have been left alone. Esiimates of the
formers™ 1967 “actual”” values are already
tenuous. License fees for vehicles and busi-
nesses might have been a little lower in the
absence of project construction work, but it is
difficult to gauge by how much. Last, a more
subtle point: if there had been no construction
work on the project, expectations about the
future may well have been different, perhaps
with important consequences for private in-
vestment. This, too, has been skipped over;
the error, if any. would be in the direction of
overstating regional activity levels and in-
comes in the hypothetical version of 1967 pre-
sented below.

1974 without the Project

The departures of the hypothetical exogenous
variables from their actual values in that year
are naturally more extensive. The most i:npor-
tant of them is, of course, the level of paddy
output. The small increase over the 1967 level
is largely a reflection of improvements in
yields of the main season crop, which would
have occurred even if the project had not been
undertaken. As for the sector’s production
technology, compared with 1967 there is no
advance in mechanization but more intensive
use of agrochemicals. The small declines in
the shares in value added of households sup-
plying labor to cultivating houscholds are the
result of a slight fall in the paddy wage mea-
sured in units of paddy, the nominal wage rate
having risen more slowly than the price of
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paddy but faster than that of the relevant con-
sumption basket.

As the region supplied about 409% of
Malaysia's rice needs in 1974, one might also
ask whether the price of paddy would have
risen even more strongly if the project had not
been undertaken. However, the country’s
source of marginal supplies was imports, prin-
cipally from Thailand and China, and it does
not secem likely that the domestic price, which
was close to the c.i.f. price of imports in 1974,
would have risen further if there had been no
Muda project.

In the agricultural complex, the gross output
levels of the two rice-milling sectors have been
left at their 1967 levels. As the output of paddy
would have increased modestly in the absence
of the project and there were small net imports
of paddy into the region in 1967, this assump-
tion seems sound. The gross output levels of
sectors 3,4, 6,7, and 9 were set at their actual
values in 1974, which amounts to assuming
that, on balance, activity in these sectors was
unaffected by the increased demand for
domestic factors and goods generated by the
project. In the case of smallholder rubber,
however, some allowance was made for the
fact that seasonal work in paddy production
competes with rubber tapping. The level of net
exports irom sector 10 would have been
somewhat lower in the absence of the project.
For after 1970, the buffalo herd was being run
down rapidly in the face of the advances in
mechanization which accompanied the proj-
ect, and this resulted in an increased supply of
animals on the hoof for export. To reflect this,
the sector’s net exports were set $0.6 million
lower than their actual level in 1974. In keep-
ing with the argument in the previous section,
net export deliveries from sawmilling were left
unchanged at their actual value in 1974, Both
the exports of sector 14 and government out-
lays (29-31) were also left at their 1974 levels.

Turning to investment activities, an inspec-
tion of the time series of buffalo livestock be-
tween 1967 and 1973 led to a “*guesstimate’” of
zero deliveries from sector 10 to investment
activities in 1974 in the absence of the project.
Deliveries from sector 14 and government in-
vestment in housing were taken as given, but
private investment in urban housing was re-
duced by about 50%¢ to reflect the likely reduc-
tion in the demand for urban housing services
had the project not *een undertaken. Invest-
ment in rural housing was derived from the
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Table 5. The Composition of Changes in Per Capita Household Incomes Due to the Project ($)

Household Class

Source of
Income Change 1 2 3 4 s Total
Paddy
output effect 66 108 195 45 15 95
distributive effect 27 8 16 -19 8 -6
Other 9 15 17 13 107 50
Total 102 131 230 37 130 139

expenditures of single-cropping households in
1972. In the case of nonresidential construc-
tion, the tail end of Muda project work was cut
out, together with a sizable chunk of the
(modest) private demand for such output.

Following earlier practice, private transfers
were left at their actual levels in 1974, Lump
sum taxes were altered to reflect “guesti-
mates’ of what the stock of vehicles and the
number of businesses would have been in the
absence of the project. These changes affected
mainly nonfarm houscholds, raducing their tax
burden by almost $4.5 million.

The only remaining issue is whether perma-
nent outmigration from the region might have
been higher if there had been no project. Al-
though there is no direct evidence on which to
base an answer. it seems plausible that the
rapid rise in incomes between 1970 and 1974
has induced more people to stay in the region
than otherwise would have been the case. In
rough and ready fushion, it has been assumed
that the farm population would have been sta-
tionary after 1972, whereas the nonfarrn popu-
lation would have grown at 0.5% per annum.

The Results

We begin with the net impact of the project at
maturity, viz., Z,y, ~ 7%, laid out in tables
3 and 4. Regional gross output is about a third
higher. fuelled largely by rises in paddy and
rice-milling output. Taken as a whole. the ag-
ricultural complex accounted for about 705 of
the project’s net impact on aggregate gross
output. For the “*demand-driven™ group, the
heaviest absolute increases occur in sectors
15, 17. 21, 26. 27. 34, and 35. The gain in
regional value added due to the project is
about 3077 of what total value added would
have been in the absence of the project. As the
absolute gain is $117.5 million. of which $67
million is due to the increase in paddy output,
then for every dollar of value added generated
directly by the project at maturity, another 75¢

was generated in the form of ‘*downstream’"
or indirect effects. Within the project bound-
@iy, households enjoyed large income gains
from the advent of irrigation: farm housenolds
on the region’s periphery gained somewhat
from additional seasonal work in paddy culti-
vation: and nonfarm households did rather
well, especially out of the income-expenditure
linkages of the system.

It is also of some interest to decompose the
total change in income due to the project at
maturity into that derived from paddy produc-
tion and that from all other sources. And
within the former, we distinguish between the
pure output effect on incomes assuming that
the actual 1974 distribution of value added
held in the absence of the project and a dis-
tributive effect resulting from changes in the
distribution vector ), where the *‘distribu-
tive'" effect is defined as follows: the incomes
of household class & from sectorj in the two
situations are wy;X; and w°;X°;, respectively.
The ““output™ effect is simply wy,[X; — X°)],
and the *“distributive’ effect, Dy, is a residual
defined by: Dy + wylX, - X°)] = wy X, —
o’; X%, that is, the “output’ and '‘distribu-
tive”" effects sum exactly to the observed
change in income. In aggregate, the **down-
stream’ income increase was almost two-
thirds the magnitude of the direct one, and it
accrved overwhelmingly to nonfarm house-
holds. The nonzero distributive effect in
aggregate arose from the fact that the actual
1974 paddy technology was more intensive in
its use of intermediate inputs and migrant
labor than its hypothetical counterpart, so thai
the sum of the income parameters {w;;) was
smaller in the presence of the project.

To complete the picture. let us now look at
the ““autonomous’ changes betwe=2n 1967 and
1974, (Z7°1474 — 7°1467)." In the absence of the

* The gross output estimates for 1967 in the absence of the
project are not reported in table 3. They differ only from their 1967
with project counterparts in that total gross output is 119 less at
3480.7 million, the bulk of the discrepancy being in sectors 13, 14,
15, 21, 26, and 34,
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project, regional gross output would have in-
creased by about 3077, and value added and
household incomes by about 359, The princi-
pal source of autonomous expansion was the
increase in governmen: outlays on both cur-
rent and capital accounts. the former rising
over 807 and the latter. which were far
smaller. by about S0°7. Excluding the agricul-
tural complex, the output of the remaining sec-
tors is demand-driven, so that a failure to
undertake the project coupled with static gov-
ernment expenditures under other headings
would have resulted in regional production
and incomes growing at only half their actual
pace over the period. Even so, the 2utono-
mous growth pattern would not have been an
cquitable one. As table 4 makes plain. the
principal beneficiaries would have been non-
farm houscholds, whose incomes are well
above the regional average. Similarly, the jn-
comes of nonproject farm houscholds would
have been buoyed by rising rubber output: but
the rises in the incomes of paddy farm house-
holds over their 1967 ievels would have been
of the order of 1077,

Baluncing Investments

To complete this analysis of the project's im-
pact on the region, it is necessary to form
some estimate of the investment needed to
realize the "dowrnstream™ effects. At one ex-
treme it could be assumed that all sectors
other than that producing paddy were suffer-
ing from ¢xcess capacity to such an extent that
no additional investment was needed to com-
plemeni the project itself. But this is hardly
realistic in the light of the investments in build-
ings. housing, vehicles, and rice milling which
accompanied the surge in incomes after 1970.
Unfortunately., the available data provide only
a sketehy investment series for the period in
question. so the following estimates of in-
vestments related to "downstream™ effects
are inevitably somewhat tentative.

For pre<ent purposes, the relevant invest-
ment deliveries were made by sectors 14, 26,
27, and imports. An estimate of the investment
needed to realize both “autonomous™ and
Tdownstream™ increases in regional  value
added is obtamed by omitting construction de-
liveries to the Muda project. Without dis-
counting, this investment reached a cumula-
tive total of $240 million in 1972 prices. Leav-
ing aside additional investments in the rice-

milling sectors, which took the form mainly of
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extra drying capacity to handle a second crop
and did not exceed $5 million (FAQ/IBRD), it
seems plausible that the composition of the
investments needed to support “autonomous
growth and “*downstream’ effects would not
be so very different. Now the “"autonomous™
increase in value added between 1967 and 1974
was $110.4 million, while the “*downstream'"
value added attritutable to the project at
maturity in 1974 was $50.5 million. Apportion-
ing the $240 million additional investment in
the same ratio as that for value added, we
arrive at an estimate of $75 million for the
cumulative, undiscounted total investment as-
sociated with the steady state “*‘downstream’"
increase in value added.

This estimate is, however, aimost certainly
on the high side: for much of residential and
nonresidential construction was undertaken
by the state or federal governments. More-
over, it is unlikely that extra investments were
made much in advance of the appearance of
the project’s “downstream™ effects in 1970,
Fragmentary evidence suggests that annual
private investment in housing and other build-
ings would have been about $7 million lower in
the absence of the project from 1970 onward.
Cumulated over four years, this approach
yields an estimate of “‘downstream’ -related
investments of $38 million. Taking the two
estimates together, it secems fairly probable
that realizing cach dollar of “*downstream'"
value added associated with the project
needed between $0.75 and $1.5 of complemen-
tary investment appropriately distributed over
all other sectors.

Conclusions

It must be emphasized that the frailties of the
data base, and the many assumptions thus en-
tailed in deriving results, demand some cau-
tion in drawing conclusions from the empiriv,

analysis. Nevertheless, the broad orders 1

magnitude of certain key variables should ve
sufticiently solid to warrant some confidence
in our main findings. In aggregate, the Muda
project’s downstream effecis were of the same
order as its direct effects: for every additional
dollar of value added in paddy production
generated by the project at maturity, about 75¢
of value added were generated by downstream
effects. Also. each dollar of downstream value
added probably was supported by just over a
dollar of additional investment in plant and
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equipment spread appropriately over the sec-
tors which expanded in response to the proj-
ect. The direct effects of the project did not
worsen the distribution of income among farm
houscholds, but its downstream added value
accrued mainly to the nonfarm households en-

gaged in paddy milling and the production of

nontradables. Although the spread in nonfarm
incomes was wide. the lion’s share of down-
stream  income  went  almost certainly  to
households which were better-off” than those
engaged in paddy farming. Thurs while the
project’s downstream effects did much to
boost the aggregate income of this relatively
poor region, they worsened the intraregional
distribution of income. Last. it is clear that,
“new technology™ notwithstanding, the proj-
ect’s production linkages were much weaker
than its consumption linkages, for value added
mn paddy production accounted for more than
807 of gross output. Hence, even allowing for
the expansion of paddy milling and agricul-

tural machinery services, the doubling of

paddy output injected into the system far more
final demand from rising farm incomes than
demand for intermediates (with tinal demand
exogenously fixed). While there can be no
claim that these findings are typical for all
investment projects in LDCs, we believe that
they provide a plausible first stab at the pa-
rameters for peasant agriculture, at least.

[Received January 1979: revision accepted
Muay 1979.]
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