THE EFFECT OF FARM SIZE ON EFFICIENCY IN IRRIGATED AGRICULTURE:
The Case of the Zimbabwe Communal Areas

discussion of planned research
Peter C. Bloch

One of the principal socioeconomic issues in irrigation design is the
size of holdings to be allocated to individual farm households. The arguments
for larger versus smaller plot sizes are summarized in Bloch et al.l; the
major ones concern equity -- allocating a given amount of irrigable lana to
larger or smaller numbers of poor farmers -- and efficiency -- obtaining the
maximum economic returns from a given resource outlay.

The equity argquments can be made without reference to the data, because
they are generally expressed in such a way that their point is obvious: a
given area divided among a larger number of farmers is a more even
distribution of land. This is not true of the efficiency arguments, however,
which are by their very nature empirically based. In the principal published
work that has addressed this issue, Berry and Cline? summarize a large
number oOf studies in many parts of the world, finding evidence of a negative
correlation between farm size and productivity. They do not, however, focus
on or distinguish irrigation from dryland farming, or on systems witn the
complicated patterns of interdependence among farmers that irrigation
necessitates, Many of the studies about India and Pakistan inciude irrigated
and unirrigated land in the same samples, frequently without distinguishing
them from one another.3
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If Berry's anc Cline's results about the relation between farm size and
efficiency are correct, tnere is no tradeoff petween efficiency and eguity,
and therefore the appropriate land policy is to distribute the available land
among &s many people as wish to have access to it. If their generalization 1is
not true, then there is a tradeoff, and policymakers must balance equity and
efficiency goals in designing land policies. In any event, there is a risk of
serious error if policy is based on preconceptions rather than facts.

Africa has contripbuted little to the comparative international experience
because little economic research has been done on African irrigation. The
principal summary of agricultural research on Africa? suggests that the
sparse literature supports the idea that small-scale irrigation may be more
efficient than large-scale irrigation in Africa. But the size of the scheme
is not necessarily correlated with the size of the indiviaual farmer's
holdings, and it is the latter which is relevant for equity considerations.

The holdings size issue can be addressed by stanaard econometric
technigues. One can estimate production functions with an added variable
representing farm size by ordinary least squares; the farm size parameter will
provide a test of relative technical efficiency of larger versus smaller
farms. The problem is that while the parameter estimates from such modeis
will be unbiased, they will not be consistent. Also, they only test for
technical, and not for economic, efficiency. One can overcome these
difficulties by using models such as those developed by Lau ana Yotopoulos
(1971). They estimate a profit function, which is the dual of a production
function, to assess the relative economic efficiency of large versus small
farms. The estimates of production relationships which come out of this model
have the desirable econometric properties of consistency and efficiency, but
the data requirements are somewnat Severe, as the comments in Attacnment 1,
below, make clear.

Another technigue which could be used is that of the multicrop preduction
function.® This very recently developed technique recognizes that in
complex farming systems, many of the needed data, especially on the input
side, will be available only as aggregates rather than attripbuted to
individual crops. On the plus side, the technique is more forgiving of data
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Paper No. l. East Lansing: Michigan State University Department of
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University Press, 1981.
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contained in C. Richard Shumway; Rulon D. Pope; and Elizabeth K. Nash.
"Allocatable Fixed Inputs and Jointness in Agricultural Production:
Implications for Economic Modeling." American Journal of Agricultural
Economics. 66 (1984), pp. 72-78.
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The first data set on which I expect to employ the above techniques to
assess the holdings size issue is from Zimbabwe, It is a series of annual
reports on Agricultural Production in Communal Land Irrigation Schemes ana
ARDA Estates put out by the Department of Rural Development of the Ministry of
Agriculture. I became aware of its existence while visiting Zimbabwe for the
Land Tenure in River Basins study in 1984 . Production, marketing and input
data for twenty-five to thirty smallholder irrigation schemes are available
for a period of seven to ten years (see attachment 2 for the data reported for
one scheme for one year). These schemes range in size from about 10 to over
200 hectares, with average plot sizes varying from less that 0.05 ha. to over
1.00 ha. per plotholder. sSome of the schemes are over 50 years old (the Sabi
River schemes -~ see the Zimbabwe Chapter of the River Basins paper), and some
were established in the last few years. A variety of crops is produced; most
of the farmers produce several cash crops as well as basic foodgrains. Most
of the schemes suffer periodically from water shortages, especially during the
drought of the early 1980's, but many are aole to double-crop anyway. Most
schemes use fertilizer, draft oxen, and contract-plowing. The labor
information is the least satisfactory, because it refers to "persons on the
plot® by age and sex, rather than giving their activities. The "other
persons" listed may or may not be hired laborers. But in order to use
"persons on the plot"™ as a proxy for labor input we only have to assume that
there is a roughly similar percentage of effort devoted to irrigation by
households on the different schemes, or alternatively that labor input per
"person on the plot" varies systematically with other information (such as
livestock ownership) that we possess.

This is a rich source of data, which to my knowledge (and that of a couple
of faculty members in the Department of Land Management at the University of
Zimbabwe) has never been used as a base for the economic analysis of
irrigation. With more than one hundred observations, the data set is
certainly large enough to yield robust results. The single-year cross-section
analysis which I have already done (to explore whether tne behavior of the
data makes sense, i.e. whether one can reasonably assume that the data are
reliable) give very tight-fitting production and supply functions; this is a
very good sign given the doubts expressed above about the labor input
information, The addition of a time series can only help to give the
hypothesis tests even higher power. The econometric problem of bias due to
grouped data is present, but can be lived with as long as its existence is
recognized from the start.

If this study bears fruit it will be only the first in a series of studies
of the economics of land tenure in African irrigation. The next data set,
which may permit the study of the impact on efficiency of tenure security as
well as holdings size, could very well come from Senegal, where my work in
Bakel should give me access to SAED and OMVS data on a wide variety of
irrigation projects. Beyond those, data coming out of the Michigan and GARD
projects in the Gambia and ARD's work in Somalia might be appropriate as
followup sources (I expect to do a short study of the economics of irrigation
in Somalia next year).



ATTACHMENT 1

Notes on the Lau-Yotopoulos Methodology

Lau and Yotopoulos (1971, 1972) and Yotopoulos and Lau (1973), together
witn tne people who adopt their methoaology sucn as Khan and Maki (1979), make
certain assumptions about the factors of production that may not be borne out
in LDC agriculture. 1In order to define a profit function, it 1is necessary to
define profits . All the papers define it as value of output less the value of
variable inputs. The tnree factors that all these studies identify are labor,
land and capital, which is hardly an astonisning list, but their definition in
the studies leaves a lot to be desired. BAll of the studies assume that labor
is the variable input, and capital and land the fixed inputs. This is hardly
unusual given that inputs are generally assumed to behave this way, but it may
not be correct in many LDCs.

There is no reason why land should not be treated as a fixed factor, but
the assumptions about the other two inputs may not be made cavalierly.
Capital is -- for data availability reasons —- rarely defined in the stock
formulation in which it appears in the theory. Khan and Maki, for example,
define capital as the "sum of costs of seed, fertilizer, tubewell water, and
animal and mechanical power,® (1979, p. 64) most of which are clearly variable
inputs which do not have zero opportunity cost once the cultivation season has
begun. For example, it is clearly possible for farmers to vary the amount of
fertilizer they apply to a given area of land, even if the package directions
suggest that they shouldn't. Rational farmers will apply fertilizer -- or
most of the other items in Khan & Maki's list -- according to marginal
productivity considerations at least as surely as they will labor. Lau and
Yotopoulos in fact recognize thiss

Total other costs (i.e. costs other than labor costs, interest
on fixed capital and land rent) should also be treated as a
variable input of production. This is impossible in our profit
function formulation due to the fact that we lack the "“price"
of other costs ... To the extent that the price of other costs
varies only across states, its effect is captured by the state
dummies. An alternative rationalization is that the other costs

are employed in fixed proportions to output. (1971, p. 103,
footnote 25)

Regardless of what one might think about the authors' justification for
omitting other costs as a variable input, it is clearly not acceptable for
Khan and Maki to treat them as fixed without any explanation.

The assumption that labor is a variable input is probably justified in
most cases, because farmers and farm family members have almost instantaneous
ability to stop or start working, i.e. to vary the intensity of farming on a
given size piece of land. 1In the case of very low levels of nonlapbor and
nonland input use, however, in regions where land scarcity makes it difficult
for people to survive without devoting every last bit of potential effort to
food production on the little land they have, labor and land may, in fact, be
applied in fixed proportions, with labor being used up to some point such as
zero marginal productivity. Hired labor, of course, would not have much of an
element of fixity about it.



To define profits as the value of output less total labor costs is,
therefore, open to gquestion. It would be much better to define variable
inputs as those which are truly variable, which in low-technology LDC
agriculture are likely to include everything except land. Tne measurement
problems are severe, of course, but that should not stop people from trying.

Implications for the profit function

The Lau-Yotopoulos profit function derived from the Cobo-Douglas
production function to compare the relative efficiency of two groups of farms
is written as:

(1) InP =1n A+ a; D+ by InW+cy; InK+cy 1lnT '

where: P is profits (value of output minus total labor costs);
Dy, is a dummy variable differentiating the two groups -- sizes of
farms or genaer of household head or whatever -- to be distinguished
in the analysis;
W is the wage rate, defined as a weighted average of rates for family
and hired labor;
K is capital, defined as interest charges paid or imputed on the
guantity of fixed capital per farm by Yotopoulos and Lau (1971), and
as previously cited by Khan and Maki (1979);
T is land, in units of square measure;
A, aj, b;, and the c; are parameters to be estimated.

W enters rather than L (labor) because of the definition of profit. K is
not really measured as the stock of capital, but as flows of capital costs (by
Lau & Yotopoulos, interest paid on capital, real or imputed; by Khan & Maki,
as input costs); L&Y argue that if interest rates are essentially constant
interest costs will be essentially proportional to the value of the capital
stock (1971, p. 103). K&M have no excuse. Only land is measured as one would
"expect,"

The mathematics of the derivation of tne profit function imply that
profits are measured as the difference between the value of output and the
total cost of variable inputs. On the right-hand side, variable inputs are
expressed by their prices, and fixed inputs by their quantities. 1In a typical
LDC farm sector, land and (perhaps) machinery are the only obviously fixed
factors. Therefore, labor and purchased inputs should be represented by
prices rather than quantities. In most data sets, some or all of these data
are lacking. This means that it will not be possible to estimate profit
functions any better than K&M do. One wonders if it is worth doing at all.

The econometric arguments about using profit functions instead of
production functions to make direct estimates of relative efficiency have to
do with consistency and efficiency. The only evident bias in estimates 1is
that due to grouped data; see Maddala (1977, pp. 69, 273), For our purposes,
though, it is unlikely that asymptotic problems will be cared much about.
Therefore, perhaps production function estimates will be sufficient. If so,
estimate the Cobb-Douglas form:*

* One could test for the assumption of unitary elasticity of substitution in
the standard manner if one desired; if the hypothesis were rejected one
would have to estimate a CES function.



(2) 0 = a k? LP ¢ md ,
where Q is the volume of output, M is the volume of purchased inputs,
and K, L and T are as defined before.

Any difference in technical efficiency between two groups of farms snould
show up as a difference in the constant A, so that a dummy variable would be
as satisfactory here as in the profit function. The specification of the
function for estimation purposes should be:

(3) InQ=1lnA+ a D+b) InK+ by InL + b3 InT + by In M,

where D is the dummy designed to capture differences in efficiency
and the other variables are as defined above.

M, L and K can be disaggregated if need be to reflect internal diversity:
fertilizer versus pesticides, hired versus family labor, tractors versus draft
animals. The estimates of the elasticities obtained from ordinary least
squares regressions will be unbiased, but not consistent.
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