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_ A growing concern with the capability of Nigerian agriculture to
s;tisfy the food needs of a growing population has surfaced in recent
years. The study was desipgned to assess and explain the potentiel for
increasing agricultural production on farms in northern Nigeria using
existing technology.

i The specific oblectives of the study were: (first, toc isolate factors
ﬁ%ich deEFrmine farm level productivity; second, to estimate the level of
technical efficiency of individual producers; third, to identify factors
vhich contribute to variations in technical efficleney within and betwveen
sreas; and fourth, to draw implications for agricultural:policy.

The daia usad in the study were obtained from ferm management studies
carried out by the Rural Economy Research Unit of Ahmadu Bel;o University
in Kadun;, Sokoto and Bauchi states of Nigeria between 1966 end 1968. The }
study areas centered around the towns of Zaria, Sokoto and Bauchi. Within
each area, three villages were selected, and a random sample of farm
femilies was drawn from them. The entire sample consisted of 340 f;?mers

_who were interviewed twice weekly throughtout a cropping year. Information
was obtained on such factors as labor use, farm expenses, crop yields,
{ncome and family structure.
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Seve;al techniques were utilized in an attempt to ascertain what
factors were associated with more successful farms, Farms were first
grouped on the basis of pgross velue of output per man and per acre, An
attempt was then made to determine in what ways more successful farmers
differed from those less successful. Two types of production functions
alsc were fitted to the data for each study area. First, a conventional
Cobb~Douglas production functlon was estimated ﬁsing Ordinary Least
Squares techniques. Second, & frontier producticn function was fitted
to the data for each area using linear programming procedures, The
latter function was used to estimate the output that individual farms
might have achieved if they had been able to attain the level of per-
formance of the most efficient farmers.

The results of the analysis revealed significant differences in
output per man within each area as well as between areas. The principal
factors contributing to differences in output per farm were total area
. cultivated, the imputed cost of seed and cuttings (which reflects both
tﬂe.crop mixture and the density of planting), and the emount of labor
employed.; Significant inter-area differences in marginal productivities
fqr a number of factors (measured at the mean level of factor use) were

I:
revealed by the Cobb-Douglas producticn functions.

The results obtained from the analiysis of farm-level data from
porthern Nigeria are not entirely consistent with the prevailing view that
n; ﬁppreciable increase in agricultural production can be obteined from
traditional farms without introducing new fechnology. The analysis makes
¢lear tha£ there are substantial variations in technical efficiency among

farms, Efficiency scores based on the frontier production function ranged



from .67 to 1.00. Appreciable deviations from optimal factor combinations
also vere found for land and hired labor. Technical efficiency is closely
associated with farm size, labor use, crop mixtures and the proportion of

fallow land.

The results suggest that it is possible to cobtain modest increases in

output by drawing on the experiences of more efficient farmers -- without

major investments, at least in the short run.
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CHAFPTER 1

TNTRODUCTION

Problem Statement

In spite of liigeria's oil revenues, agriculture remains the most
lmportant source of income and employment for a large proportion of her
citizens. About TO percent of the country's population is estimated to
derive its livelihood from agriculture {FMANR, 197h}.

The interdependence which should exist between apgriculture asnd the
non-agricultural sectors for a nation's balenced economie growth has long
been recognized by cconomists (Ayazi, 1968). Agriculture should provide
noet only food for a population but should also serve as a source of raw
materials for agro-related industries,

In recent years, the capabilities of Nigerian agriculture in meeting
such roles have been called into question (FMANR, 197h, p. 23). Official
statistics indicate that food supply has not kept pace with increased
demand. Estimates of Nigeria's focd deficits for 197% in the subsistence
grain crops, for example, are put at 170, 552, and 1,018 thousand tons
for millet, sorghum and maize, respectively (FMANR, op. cit. p. 339).

The causes of short falls in food supply can be traced to various
factors: bigh population growth rates, usually estimated to be between
2.5 and 3 percent per aapnum; an accelerated rate of urbanization; and
increased per capita Incomes. The food situation is further worsened by
declining farm productivity. BEvidence of the latter abound in various

officla) and research publications. Using 1964/65 as a base pericd, for



exsmple, the index of production of basic food crops in Figerls failed to
reach 100 in the nine-year period between 1968 and 1975 {Table 1-1}.

Food shorteges and declining farm productivity have given rise to frequent
and substantial increases in food prices, as well as to increased food

importation (0jo, 1977, p. 15).

TABLE 1-i. INDEX NUMBERG OF CROP PRODUCTION AND
FOOD IMPORTS: NIGERIA 1960-19TS

Index of Crop ' Index of Quantity of
Production all food imports

Year {196L/65 = 100) into Nigeria {1965 = 100)

1960/61 82 105

1961/62 92 106

1962/63 92 108

1963/64 103 98

1964 /65 100 118

1965/66 102 100

1966/67 89 132

1967/68 89 99

1968/69 80 Th

1969/70 90 115

1970/71 ok 150

1971772 | 81 21

1972/73 63 204

1973/74 T2 234

1974775 82 199

1975/76 82 271

SQURCES: 0Jo, M.0. "Food Supply in Nigeria 1960-1975," Economic
and Financial Review, Vol. 15; No. 2, Dec. 16T7. Central
Bank of Nigeria, Lagos, pp. 12-19.




The constraints to increased farm production eapecially in the
northern states of Nigeria appear to be a comblination of various factors:
low and variable rainfall, inefficient crop husbandry practices, such as
the non-use of improved inputs, low plant populations, late planting,
labor shortages and inadequate weeding (Norman, 1970; Kowal and Kassam
1972; FMANR, 197h). Farm level studies in various parts of northern
Nigeria show that lebor and capital shortages constitute the major con-
straints on agricultural producticn. For example, Norman found that "the
anmount of land that a family can handle during the labor bhottleneck
vericd fundamentally determines the level of agricultural activity during
the rest of the year" (Norman and Pryor; 1978). Labpr shortoge is aggra-
vated by other factors: (i) human labor is the sole source of farm energy
as there is a lack of draft ecnimals and capital equipment (ii) the rate
of rural-urban migration of youths who would normally be responsible for
food production has increased in recent years (Essang and Mabawonkun, 1974).

In addition to labor problems, the unavailability of capital at
critical times may impose a limit on the extent to which farmers can pur-
chase other farm inputs -- better seed, fertlilizer, non-family labor, ete.
Government backed credit programs are usually advocated as an essential
part of traditional agricultural development strategy and & means to pro-
vide and generate farm capital (AID, 1973). But there is some evidence
thet making capital available in the form of credit does not necessarily
provide the expected incentive to increased farm productivity. King con-
cludes from a study of cooperatives in Kano villages: "In many cases the

farmers! environment of social obligations and non-farm investment



opportunities may make it rational for him to use available capital for

purposes other than agricultural capital." (King, 1975)

Justification

Nigeria's third National Development Plan (1975-1980) has the overall
objective of increasing the standard of living of her people. Given that
most of the population depend on agriculture for their livelihocd, this
objective calls for policies directed at increasing farm level productiv-
fty. It is evident from the Naticnal Plan that goverument interests have
moved away from the large scale settlement schemes of the sixties to more
'evolutionary' approaches, Programs such as the National Accelerated
Food Production Project, World Bank Rural Development Projects and Oper-
etion Feed the Nation, place emphasis on integrated approaches involving
the use of improved seed, extension services and credit. The common ob-
Jective of the various projects is to motivate producers to adopt yield
augmenting practices (Sprague et al., 1972; Central Planning Office Lagos,
1975; IITA 197T).

However, tc be better able to motivate producers, it is important to
have & clear understanding of factors which prevail at the farm level--
particularly those that affect farm performance. Such an understending
is important for at least two reasons: (i) recent studies of traditional
agriculture in East Africa and Pakistan have shown large efficiency dif-
ferentials among farmers (Shapiro, 1976; Khan and Maki, 1979). (ii) In
Nigeria there is also some indication that existing farm resources may
not be efficiently utilized by producers. For example, separate studies
by Are and Olayide show that average farmers' yields for most fcod and

‘cash' crops are less than 40 percent of the potential yleld for the best



Table 1-2. Average Yields of Major Crops by Main Producing States
and Their Yield Potential - Nigeria (1968/69)

States - Yields Per Acre Potential®
Crops Kaduna Sokoto-Niger Kano Yield
ﬁillet 436 39k ko8 1,840
Sorghum k1o 400 510 2,000
Rice (upland) 840 1,160 367 3,000
Groundnuts k43 600 579 1,968
Cowpeas 13h 251 20k 2,ho0

SOURCE: Olayide, et., al. (1972; pp. 78-80).

& Potential ¥ield is defined as output per acre which would be obtained
if firms employ the best practice with existing technology. Potential
yield figures in Table 1-2 are those obtained under experimental con-
ditions but using local varieties and technology. And states' yield
data are based on results from various farm surveys and reports of
Ministries of Agriculture.



varieties in use {Are, 1970; Olaylde et al., 1972). Olayide alsc provides
yleld data by states for each of the varlous food crops grown in Nigeria.
One striking festure of the information, is the range in yield of crops.
For example, the range in average millet ylelds among states is from 282
to 582 pounds, and for sorghum from 409 to 615 pounds (Olayide et al., 1972,
p. 19},

YWork by the Rural Economy Research Unit of Abmadu Bello University
in the north of Nigeria 2lso shows wide varistions ip rural incomes. In
Zarie, for exemple, while 19.3 percent of farmers had annual incomes
below 1,000 shillings, 1T percent had incomes above 3,000 shillings
{(RERU, 1972; p. 11). It is not clear, however, to what extent such
variations are related to farm labor productivity.

Wnile indications of declining farm prodﬁctivity and inefficiency
can be gleaned from the literature, no study has been done {0 assess and
explain differences in productive efficiency among Nigerian farmers.

A study of productive efficiency is needed to: (i) identify the
magnitude of the constraints withir which farmers operate (ii) to
ascertain if there are opportunities for increasing farm output without
major farm investments. This is particularly important given the limited
rescurce environment of traditional fermers. Finally, identifying those
fectors which affect farm productivity and performance will enable one

to devise more appropriate farm policies.

Study Oblectives

More specifically, the objJectives of the study are to:
a) isolate factors which determine farm level productivity

b) estimate the level of technical efficiency of
individual producers



¢) identify factors which contribute to variations in
technical efficiency both between and within regions

d) draw implications for agricultural policy

Qutline of Subsequent Chapters

The literature on farm productivity in traditional egriculture with
special reference to Africa is summarized in Chapter 2. The data on
which the study is based are described in Chapter 3. Farm management
survey data relating to farmers in Kaduna, Sokoto and Bauchi states of
Nigeria are used for the study. Alternative methodological approaches
applicable in the measurement of productive efficiency are discussed in
Chapter k. Regression analysis is employed in meeting the first of the
study objectives. The results are presented in Chapter 5. Tt is recog-
nized that the underlying assumption of equal efficiency among producers
in the use of average production functions may not be met in practice.
However, production function analysis is appropriate if one wishes to
estimate the extent to which total output can be imputed to the factors
from which it is produced,

Frontier production function analysis is used in identiflying the
gap between actual and potential output and the potential gains in
efficiency (Chapter 6). Frontier functions are useful for at least two
purposes: first, such functions can indicate the potential for increasing
farm output if firms employ the best practice in a given production tech-
nology level; second, they can be used to identify the expansion path
which firms not currently using the best practice ought to follow.

In Chapter 7, an attempt is made to explain differences in technical
efficiency among farmers. Regression analysis is employed to identify

the extent to which selected management related variables contribute to



to technical efficiency.
A surmmary of the results and their poliecy implication is presented

in Chapter 8.
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CHAPTER 2

LITERATURE REVIEW: PRODUCTION EFFICIENCY TN TRADITTONAL
ACRICULTURE - SPECIAL REFERENCE TO AFRICA

The efficiency of resourse use has long been an area of concern for
economists, In the Wealth of Naticns, Smith states:

"Whatever be the soil, climate, or extent of terri-
tory of any particular nation, the abundance or scant-
iness of its annual supply must depend first on the
gkill, dexterity and Judgement with which its labor
is generally applied” (Smith, 1776; p. 1).

The literature on farm and labor productivity in traditional agri-
culture appears to have passed through at least two phases.

In the fifties and early sixtles, esconomle development theorles re-
garding farm productivity in less developed countries were based mainly
on models derived from the concepts of surplus labor and disguised unem-
ployment, Notable among the proponents were Lewis and Ranis and Fel
(Lewis, 1954; Ranis and Fei; 1961), The general argument was that on
small farms, workers could be removed from agriculture without = notice-
able effect on output, Lewis descrilbes a two-secior model and investi-
gates the expansion of the industrisl sector as it is "nourished" by
supplies of cheap labor from the subsistence (agricultural) sector. He
sees development as consisting of the reallocation of surplus agricul-
tural labor whose contribulion may have been zero, to industry where
they become a productive part of the labor force at a wage equal to or

tied to the institutional wrge in sgriculture. Mellor und Stevens in a

9
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atudy of farms in a Thai villege actually reached the conclusion that &
gubstantial proportion of the farm workers had zero marginal physical
product (Mellor and Stevens, 1956).

The publication of Schultz's Transforming Traditional Agriculture

may be regarded as marking the beginning of the second phase. Schuitz
eriticized the surplus labor doctrine seying that, "it rests on a shaky
conception of labor productivity and is not consistent with any relevant
date" (Schultz, 196k}. He used data from India and elsewhere to support
his view that the merginal productivity of labor in traditional agricul-
ture is not zero. Schultz then advanced his "efficient but poor hypoth--
esis,” which states that, "there are compuaratively few significant in-
efficiencies in the allocation of factors of production in treditional
agriculture”.

There are two principal implications from this hypothesig. First,
no appreciable increase in agriewltural production is possible by re-
allocating the factors at the disposal of farmers. And second, to have
agricultural progress modern factors must be supplied to and used by
farnmers,

Since Schultz's book was published in 1964, several studies have
heenlundertahen all over the developing world in an attempt to test the
efficient but poor hypothesis (Welsch, 1965; Chennsreddy, 19673
Yotopoulos, 1967; Sahote, 1968). Most of these studies have confirmed
Schultz's hypothesis.

¥hat is often overlocked is the very restrictive definition of tra-
ditionnl egriculture used by Schultz snd for which he meant his thesis to
apply. He defines traditional agriculture as "a particular type of

economic equilibrium”, vhere the states of the arts and the state of
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perference and motives for holding and acquiring sources of income have
remained constant over a long periocd. And he states very emphatically
that not all poor communities have the economic attributes of traditional
agriculture. "A serious adversity of nature, a drought followed by

famine ~- large changes in relative prices of preducts -- advance in know-
ledge useful in agricultural production - any poor sgricultural community
that is adjusting its production to one or more of these circumstaﬂces is
excluded from the traditional agriculture to which the efficient but poor
hypothesis applies," {Schultz, 196k; pp. 37-38).

A third phase in traditicnal farm production theory appears to be
emerging: In a study of technical efficiency of Tanzanian cotton farmers!
Shapiro concluded that "output could be increased by 51 percent, if all
farmers achieved the same levels of technical efficiency that were achieved
by the best farmers in the sample, with the same inputs and technologies”
(Shapiro, 1974).

Shapliro's conclusion suggests that Schultz's effiéiency hypothesisa
may not be be mpplicable to all of traditional agriculture; and that there
are areas where inexpensive development policies can raise farmers closer

to the more efficient levels achieved by the better farmers.

Section 2

In this section literature on farm productivity in Africs iz summa-
rized. The emphasis is on pinpointing factors which have heen identified
as affecting farm productivity. East and Central African studies are
firat summarized. This is followed by a presentation of findings of West

African studles with special emphasis on those done in northern Nigeria.



12

East and Central African Studies

One of the earliest farm management studies conducted in East Africa
was desipgned to cbtain estimates of labor requirements for individual
crop enterprises in Kenya (Clayton, 1956). Clayton's objective was to
use the data in devising farm plans aimed at intensifying, "African
agriculture," and to relate labor needs with its availability.

The data collected were not actually from farmers plots but from
"demonstration holdings". Two such holdings were studied. One in the
Star/Kikuyu grass zone of Nyanza Province and the other in the Central
Province. The former comprised of 3.46 acres on which erops grown in-
cluded maize, beans, sweet potatoes and coffee. The running of the
holding was estimated to require 4,200 hours (an equivalence of 300 days
ennually if a family of two wvorked 7-8 hours a day). The second farm
wvas much larger, 11.9 acres, grev similar crops as the first but used
oxen. Labor requirement was found to be 8,500 hours. Although produc-
tivity estimates were not part of the study, Clayton mentions that the
viability of the plans in these areas would depend on adequate human
nutrition, soil fertility and cash income.

Rukandema's work is one of the more recent studies of Kenyan farmers.
His aim was to isolate the major constraints to expanded agricultural out-
put on small farms. One village was selected from each of two subloca-
tions in the Kakamega district of Western Kenya differentiated on the
basis of population density. Maize was the dominant crop. It was so
predominant that, "a good estimate of maize production provided a fairly
accurate picture of economic activity in the area," (Rukandema, 1977T;

p. 56).
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Regression analysis with malze ylelds per acre as dependent variable
showed interesting results: a) the correlation between acreages planted
and yield was positive. b) observed sowing and weeding labor were not
strongly associated with yleld differences, which ls unexpected.

Rukandema nmlso found that yields could be enhanced by increased plant
density and reduced by late sowing. In agreement with Norman's work in
Nigeria, Rukandema found that intercropping enhanced yields. The influ-
ence of schooling was, however, not found to be important.

In a fairly comprehensive study in Zambia, Elliot et al. studied
farm labor productivity in terms of decision-making at three levels: the
environmental situation of the farmers, government services at district
levels and decisions made by the Central government in relation to edu-
cation, health and prices (Elliot et al., 1970). Using indices to repre-
sent factors such as good farm practices, experience and knowledge of
farming, formal education, general awareness and the incidence of sickness,
Elljot and associates found that 493 of production per acre was explained
by reference to basic farm inputs, e.g. labor, oxen and tractor powver
while 387 was explained by the "range of social variasbles" used in the
equation.

In Massel's study of Rhodesian farmers, separate functions were
estimated for three crops; corn, millet, and peanuts, each relating output
to a set of observed inputs used in production. Marginal productivity of
weeding labor was found to be low but positive. Productivities of land,
organic manure, fertilizer and skilled management were considerably higher
than that of weeding labor. However, Massel found little evidence of

potential gains from reallocation on the average farm (Massel, 1967).
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West African Studies

One of the most frequently cited early studies is Hrawell's survey
of Garhian farms in Genieri - a Madinka village in 194T7/49. Haswvell's
objective was to describe the nature of farming, determine what is good
and bad ferming within "native practice", measure veriations in initia-
tive and to foresee poslsible improvements (Haswell, 1953). The major
crops were millet, groundnut and rice., Haswell's work indicated tha.t the
density of plant population coupled with the amount of weeding "may have
been” very important factors in determining yields of millet. For
groundnut, early soving was also important. Wide variations were found
between compounds both in crop emphasis and quantity of inputs. Other
sources of differences were "social structure and social cohesion", For
example, descendants of founder settlers, who were the priviledged class,
had esasier access to larger and better farmland as compared to the
"gtrangers".

Spencer and Byerlee studied labor use, income and productivity in
Sierra Leone during the 19T4/75 farming season.

They found that preoducers of staple crops such as rice had the
lowest returns as compared to farmers who grew vegetables and oil palm.
Average returns were found to be simllar among regions, although sub-
stantial differences in incomes existed between the traditional and the
more modern farm type groups. {Spencer and Byerlee, 1977).

A number of farm level studies were conducted in Northern Nigeria
during the 1960's., The first was Lunning's 1961-62 study in Sokoto
Province. The study involved 30-40 families from each of seven villeges.
Lunning's findings indicate that size of femily is related to acreage -

-under cultivation. Regression models of output ageinst farm size, labor
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and recurrent expenditures, show expenditures t¢ be the most important
determinant of gross returns from major crops, and labor, the lesast, The
ratio of the marginal product of labor to its oppeortunity cost was o0.T2,
A t-test on the variance of the marginal value preduct of labor led to
the conclusion that "the hypothesis that labor is applied in an efficient
way could not e rejected," {Lunning, 1967).

Another series of studies were initiated by Norman in Northern
Nigeria in the late 1960's. One of the most publicized of these is the
Zaria villages survey. The Zaria studies are actuslly part of a larger
study covering other areas: Kwara, Bauchi and Sckoto, carried out by the
Rural Economy Research Unit of Ahmedu Bello University, beginning in
1965, The studies were designed to overcome the paucity of data on in=
digenous farming practices snd to provide basic information for planners
and extenslon workers. Onre other aim was to provide a more rationnal
basis for technical research workers in determining research priorities.
In ithe Zaria studies, detailed farm input and output date were collected
trom 12h farmers. These studies indicate that the semsonal nature of
farm work results in lebor shortages at pesk periods of labor demand.
Norman's results also lend support to Lunning'’s earlier findings that
the pnumber of femily members is importent in determining farm size.
Regrescion analysis indicates that land quality was the most important
contributor to farm productivity. The analysis further indicates that
hired lambor was almost six times a2 productive as family labor., Tests
of significance to ascertain whether or not the marginal velue product
of inputs differed significantly from their opportunity costs showed that,

in general, the differences were significant (Horman, 19T72).
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A more recent study was conducted by Matlon in an area South-west of
Kano in Northern Nigeria in 197T4/75. Matlon's major objective was to
construct "a detailed poverty profile based on a comprehensive income
concept”. Matlon's findings of relevance are; total farm size showed nc
strong association with income; and the greater incomes of the highest
income strata were largely attributable to earnings from off-farm sources.
Production function enalysis indicated that production elasticities for
fertilizer and labor were higher for low income households than for the
middle and upper income groups. Matlon also found that the marginal
value product of labor increased with income status. In agreement with
Norman's studies, land generally had higher productivity (measured at the
mean of inputs) relative to its cost, than had other factors of produc-

tion (Matlon, 1977, pp. 216-226).

Section 3: Measurement and Definitional Problems

The characteristics of traditional agriculture in Africa pose
special measurement and definitional problems for which satisfactory
solutions have not been found. This makes it difficult to compare the
results of studies conducted in different areas and at different times.

Most of the problems are related to a combination of the following:
a) barriers to communicetions attributable in part to inexperienced
enumerators or their lack of familiarity with local conditions. ©b) the
practice of intercropping which makes the collecticon of information on
individual crops difficult. c¢) the measurement of labor input and the
need to use a veighting scheme which accounts for differences in age and
sex; and d) the lack of standard weight measures for farm products as

opposed to volume measures (Yang, 1965; Hunt, 1969; Norman, 1973).
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No consensus has emerged on the labor equivalence issue, There are
essentially two opposing viewpointg. One is that wvomen and children are ‘
as efficient as men in the tasks they perform. The implication here is
that equal weights should be used for all sexes and ages. DBased on his
study of rice farmers in Sierra Leone, for instance, Spencer argues that
is 1s difficult to divide a sample into different =zge classes "since
farmers cannot tell their ages." He alsc states that women and children
rarely participate In Jobs for which they are less efficient than adult
males,” (Spencer, 1972). The opposing viewpoint is that the productivity
of labor in farm operations differs with age and sex, This implies =
need to use different ratios for age and sex in converting labor input
figures to man equivalents.

In situstions where men and women manage different flelds as in
East Africa and where it hes been shown that farms managed by women may
achieve gimilar or high.r productivity then those managed by men, ne-
glecting differences in sexes is understandeable (Rukandema, 1977)}. But
in areas where women participate very little in farm work and even when
they do only in minor farm operations, "some atteupt at differentiation
appears to be much better than assuming that all workers make equal con-
trivutions to productivity,” {Connell and Lipten, 1977, p- 53).

Cne shortcoming in equivaleni ratios generally in use is that cal-
culations which lead to them are never given, This makes them appear o
be, "pulled out of a hat.”" In a more recent work, Spencer provides a
possible basis for differentiation. Relmstive wage rates are used in
computing conversion ratios {Spencer and Byerlee, 1977). ‘This is based
on the assumption that male and female labor are perfectly substitutable

over the range of labor type combinations in a given sample, and that the
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wage rates adequately reflect the marginal productivity of labor, Despite
possible criticisms that the assumption of perfect substitution may not
necessarily hold for the sexes in all farm operations (a point which
Spencer recognizes), and the fact that farm wage rates may be determined
by factors, such as family ties and the status of the employer, this
approach does provide some measure of the farmer's own valuation of the
different classes of labor, and therefore is useful. The mean national
farm wage rates in Sierra Leone indicates that men, women and children
receive .54, .42 and .28 leones per doy respectively, at the time of
Spencer's study in 1974/75. This works out to be man-equivalents of
1.00, .75 and .50 for men, women and children - ratios exactly the same

as those used by Norman in his Nigerian studies.

Conclusion

While it is recopnized that the studies reviewed in Section 2 may
have employed different definitions for some concepts especially labor,
several conclusions appear to be warranted:

First, seesonal labor shortages may constitute an important con-
straint to higher farm production;

Second, land quality and the use of modern inputs enhance farm
output; and

Third, intercropping frequently is associated with a higher value of
output per unit of land.

The data from Northern Nigeria, which serve as a basis of the sub-
sequent analysis will be used to test whether these conclusions apply to
other areas as vell. But the principal use of the data will be to deter-

mine whether or not it is possible to draw on the experience of more
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“"successful" farmers to improve the incomes of other farmers. To do so,
one must first identify "successful" farmers, and then ascertain why they
are successful, If there is little difference among farmers in ylelds,
labor efficiency, or crop mixtures, this suggests that little can be done
to improve the lot of farmers without introducing new technology or
additional inputs. But if substantial differences exist, then it is
possible to design an extension program based on the experience of the
more successful farmers. In essence one must ascertain whether there is
evidence of what Leibenstein calls "X-efficiency”, that is the capacity
of some individuals or firms to get more output from a given set of re-
sources than other individuals or firms, Under such circumstances, as

he points out ..

"A situstion may arise in which managers are exceedingly
poor (in ability). This can lead to a great deal of
variation in output for similar amounts of capital and
labor and for similar techniques” (Leibenstein, 1966)

Thus, in studying production effieiency, information needs to be
obtained regarding the dispersion of individuals or firms arcund the
mean. As pointed out by Massel and Johnson, efficient allocation on the
average farm is necessary but not a sufficient condition for efficiency
on individual farms (Massel and Johnson, 1968; p. 53).

An understanding of individual farm performance is essential to
ascertain vhether or not it is possible to exploit known practices used
by the more successful farmers to increase output. In a situation where
the improved input distribution system is known to be inefficient and
vhere farmers have limited investment capital, a positive answer to the
question posed above can open up new and cheaper development policy

alternatives -- at least in the short run.



CHAI'TER 3

THE STUDY AREAS: GROSS COMPARISON
OF FARM PRODUCTION PATTERNS

r

This ehapter has two main objectives: first to present and compare
resource utilization and farm output in the study areas; and second, to
identify factors related toc output per ﬁan. The presentation is in six
sections: =section 1 gives an cutline of the survey methodology used in
data collection as well as the physical environment of the three areas
from which the data ere drawn. Section 2 comperes resourse utilization,
crop mixtures and yields among areas., In section 3, data relating %o
producers’' incomes and output are presented. Gection L deals with fac-
tors of production which may contribute to differences_in output per man;
section 5 examines the extent to which erop combinations and yields dif-
fer by farm productivity class. The last section examines the infiuence
of other factors - farm size, proximity to urban center, age and famjly

gtructure - on labor productivity.

Section Ia: Survey Methodology

The data used in this study were obtained from farm management
studies carried out by the Rural Economy Research Unit of the Institute

of Agricultural Research, Ahmadu Bello University in three states In

Nigeria (Figure 3-1). The studies centered around the town of Zaria

20
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Sokoto and Bauchi and were undertaken between 1966 and 1968.1 Within
each nrea three villages were selected. A major criteria used in
village selection was that villages differ in ease of access to the main
eity in the area. {Figures 3.3 and 3.4).

In selecting farm families to participate in the survey, & census
of the inhabitants was firs{ undertaken in each village. From the frame
0 obtained, a random sample was selected, The entire sample consists
of 340 farmers: 12L in Zaria, 100 in Sokoto and 116 in Bauchi. Farmers
were interviewed twice weekly throughcut a cropping year to obtain infor-
matioﬁ on labor use, farm expenses, crop ylelds, farm incomes and selected
sociological variables. Some characteristics of villages included in the

etudy are presented in Table III-l.2

Section 1b: Physical Environment

Farm production patterns are to some extent influenced by ecological
factors such as climate a2nd solls, Some of the characteristies of the
physical environment in the three study areas are given in Table III-2.
Zaria and Bauchi are situated in the Northern Guinea zone while Sokoto ig
in the Sudan. (Figure 3.2). The zones differ with respect to climate and
soils. Table III-2 shows that temperatures in the three areas are fairly

similar, However, there are differences in the amount and duration of

The fact that the data on which the study is based were collected &
decuade age would tend to give an impression of outdateness. There are
gt least two reasons why this is not a serious problem: First, pre-
vious work based on the data (Norman; 1972, 1976) gives results which
are in general agreement with those from studies based on more recently
collected data in the same general area {Matlon 1977). Second, offi-
cial statisties indicate that agricultural conditions have remained
very much the same over the decade. For example, with 196L4/65 &5 a
base pericd, the index of food production in Nigeria failed to reach
100 in the nine year period between 1966 and 1975 (0Jo, 1977).

For a detailed account of the survey methodology see Norman {1973).
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TABLE 3-2, PHYSICAL ENVIRONMENT IN THE STUDY AREAS
Variable Zaria Sockoto Baucehi
Location 11°11'N 13°01'N 10°17'N
T°38E 5915'E 9°lg'p
Ecological Northern Sudan Northern
Zone Cuinea Gulnea
Mean Monthly
Temperature
{Min.) ST 59 55
(Max, } 92 20k o8
Rainfall Total %3.9 29.6 L3k
{inc.)
Evaporation Th.6 65.8 57.6
(ins. from open
surface)
Population Density 80 128 62

(persons per
square mile)
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FIGURE 3-4. LOCATION OF SOKOTO VILLAGES
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rainfall. Thus while Sokoto has an annual mean rainfall of 29 ins. and
a rainy season which lasts 90 - 140 days, Zaria and Bauchi average about
43 inches of rain distributed over 130 ~ 190 days. These differences
not withstanding, rainfsll in each of the study areas is wsually consid-
ered adequate for a good rainfed crop. {Norman and Hays, 1978}

In the Sudan zone most of the solls are developed in aeglian sand
or in alluvial material which would imply that the soils are easily worked,
The soils in the Northern Guinea zone are mostly sedentary ©on sedimentary
rocks or on basement complex (Kilnkenberg, 1976, pp. 109-110).

Finally, Table III-2 shows that Sokoto has the highest population
density - 128 persons per square mile, compared to 80 and 62, for Zaris
and Bauchl respectively. | |

Section 2. Resource Utilizationl

In all three arees, average farm size was less than 10 acres {Table
III-3)., Usufructuary rights to the use of land which is considered to
be the property of the community remains thelpredominant form of land
tenure, However, inheritsnce is the most important means of land acqui-
sition. Two types of farm land may be differentiated: upland farms
(gonan kudu), eultivated only in the rainy season and lowland farms

(gonan fadama) which may be cultivated in both wet and dry seasons, as

the water table is closer to the ground's surface. Over 30 percent of
cultivated land in all areas belongs to the former category. Table III-3
indicates that the amount of land fallowed is lowest in Sokoto, the most

densely populated area and highest in Bauchi, the least populated,

1 This Section draws heavily on previous work by staff of the Rural
Economy Research Unit of Ahmadu Bello University, in the same
study areas.



TABLE 3-3.

FOR FARMING FAMILIES
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LAND UTILIZATION -~ AVERAGE

Variable Zaria Sokoto Bauchi
Land:

Farm size in acres 9.7 (6.2) 9.9 (5.8) 9.7 (6.8)
(and number of fields)
Land Tenure, percent 64.9 (35.1) 70.1 (29.9) 92.3 (7.7)
inherited (others)
Farm composition:

Upland (acre) 8.8 8.9 9.3

Lowland (acre) 0.9 1.0 0.4
Percent of land 16.8 3.3 31.3
Fallow
Percent cultivated
land devoted to:

Sole crops 23.0 3.3 k6.2

Crop mixtures TT.Q 90.9 53.8
Cultivated land 1.2 XT 1.3
per man equivalent
Cultivated land 2.1 3.3 2.3

per male adult (acre)
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Intercropping remains an important system of cultivation and the
proportion of cultivated land devoted to the practice ranges from 90
percent in Sokoto to Sk in Bauchi. Norman has given an account of the
reasons for intererepping - which include the need for security and max-

imization of total crop output (Norman, 1974).

Labor

Average family size ranged from 5.6 persons in Sokoto teo 8.5 in
Zaria. A total of 398 man-day equivalents were spent on farm work in
Zaris, 316 in Sokoto and 276 in Bauchi’. In general, male adults under-
took over 70 percent of fotal farm work while female labor accounted for
less than 2 percent. The low female labor participation in farm work is
attributable to 8 religious influence - the Muslim practice of auren
kulle {seclusion of married women).

Labor may be hired during peak periods of farm work, ususlly be-

tween May and August. Hired labor accounted for 1) percent of total

farm labor.

1

In ecalculating man equivalents of laber use, the following conversion
ratios were employed:

Mule adults 15 years and above: 1.00
Female adults 15 years and above: 0.75
Large children T7-15 years 0.50
Smal)l children less than 7 years and

Adults above 65 years: 0.00

These equivalence ratios are from Norman (1972, p. 17)}. The basic
assumption underlying the use of equivalence ratios are two: a)
that physical labor productivity is positively correlated with age
and b} that the physical productivity of women is lower than that

of men. However, superior productivity of men and adults in agri-
culture may not hold true for all farm operations. If task specific
data are available more realistic weights could be derived., Such
data wvere not collected in this study.



TABLE 3-h,

MEAN LABOR INPUT ON FARMS

{Male adult)

Variable Zaria Sokoto Bauchi
Family size (man 8.5 (4.9} 5.6 {3.5) 6.0 (3.6)
equivalent)

Totel man-day equiv-~ 397.9 315.8 275.9
alents worked on
famiiy farm
Percent composition:
Mele adults 3.9 T5.3 5.2
Female adults 0.k 1.k 3.8
Big children 9.5 7.8 9.8
(7T-14 years old)
Hired Lebor 16,2 15.5 11.2
Fayrm work per male
adult:
Hours per day 5.1 5.9 5.5
Man-days per year 293.9 237.9 207.%4
- Days worked off farm 185.14 1Th.1 148.5
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During slack periods of farm work male adults spend a considerable
amount of time in off-farm activities. Off-farm employment may be in
traditional occupations (leatherwork, pot-making, hunting, tailoring,
petty-trading) or in "modern" services (e.g. as messengers, nightwatch-
men or commission agents in nearby cities). The average number of days

s0 spent ranged between 185 in Sokoto and 148 in Bauchi.

Capital

Table II1-5 indicates that the amount of capital invested in agri-
culture in the three areas is low, The mean inventory value of durable
capital, for example, was only 7.9, while average farm cash expenses
amounted to only ¥16.4.1 However, inter-area differences are evident.
Bauchi farmers hed the least inventory value for durable capital, Bh.1lk
compared to Zaria and Sokotc farmers with ¥11.52 and ¥8.18 respectively.

On the average, the largest component of cash expenses was hired
labor which accounted for 57 percent of total expenses, Expenses on
fertilizer were very lew and accounted for only 5 percent of overall

farm expenditure; Bauchi farmers purchased no inorganic fertilizer.

Management

Sociologists generally associate managerial ability with age, lit-
eracy and the family structure to which decision-makers belong (Buntjer,
1970; Savage, Littlejohn, 1977). In Table III-6, information related to
these factors is presented.

Families can be divided into two types of units: iyali or single

family units and gandu or multiple family units. The iyali consists of

1
N (Naira = Nigerian currency) = $1.58 (U.S. dollars) March 1979.
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TABLE 3-5. CAPITAL UTILIZATION ON FARMS (NAIRA)

Variable Zaria Sokoto Bouchi
Inventory value of 11.52 8,18 4,14
durable capital .

(Total)

Percent breakdown: ,
Crops (buildings, 3.9 17.h 14.8

Tools, equipment)
Livestock:
Cattle 82,5 60.8 63.2
Others, i.e. - 13.6 21.8 22,0
goats, poultry
etc.
Farm cash expenses 25.04 15.86 8.31
{Total)

Percent breakdown:

Land L.k 3.8 3.6
Other durables 13,1 25k 34.8
Seed 11.9 13.2 2.8
Fertilizer 3.3 L.9 -

Hired labor 63.9 hg.5 5T.1
Marketing costs 3.4 3.2 1.7

Actual weight of fer=-
tilizer applied per acre:

Organic (1b) 2105.6 1993.6 313.6
Inorgaine (1b) 1.hko .35 ' 0.0
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TABLE 3-6. MANAGEMENT RELATED FACTORS

Factor 2aria Sokoto Bauchi

Average age of house- L3 L Ly
hold heads (years) .

Family Organization

Percent single 51 T2 62
family unit
Percent multiple k9 28 38
family unit

Years of Qu'ranic 9.7 7.3 4.2

schooling by
household head
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a single married man with his wife (wives) and dependent children. The
gandu consists of two or more male adults (usually married), with their
wives and children.

Table III-6 indicates that the iyali form of family organization
is more common. The average age of farmers in the study area was 43.7
years. The degree of formal education was negligible. However, years
spent by household heads in religious education which consists of study-
ing the Qu'ran (the Islamic holy book) ranged between 9.7 years in Zaria,

to 4.2 in Bauchi.

Section 2b. Crop Emphasis and Yield

Table I1I11-7 indicates that between T0-80 percent of total cultivated
land vas devoted to four crops: millet, sorghum, cowpeas and groundnuts.
On the average, land put under sorghum and millet accounted for 56 per-
cent of cultivated la.nd.1 However, there are inter-area differences in
crop emphasis. While millet is the most important crop in Sokoto, sor-
ghum is more important in Zaria and Bauchi. Only 2.2 percent of farm
land is taken up by groundnuts in Sokoto as compared to 10,8 and 8.1
percent in Zaria and Bauchi respectively. Except in Zaria, cotton is
not an important crop.

The large variations between areas in crop yields should also be

noted: 1) Yields of sorghum in Sokoto villages are only 27 percent of

the crop's yield in Zaria, ii) Rice yields in Sokoto are about three

Given the practice of intercropping, these figures are based on a
computation of adjusted acreages: each crop in a mixture is allo-
cated an acreage calculated by dividing the acreage of the crop
mixtg§e by the number of crops in the mixture. (Norman, 1972,

p. T
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TABLE 3-7. RELATIVE CROP EMPHASIS BY AREAS

Variable Adjusted Crop Area as Percent of Total Cultivated Land

Specification

Zaria Sokoto Bauchil
Millet 19.7 33.7 20.7
Sorghum 28,7 ' 17.9 k7.9
Groundnut 10.8 2.2 8.1
Cowpeas 11.0 28.0 S.T
Sugarcane 5.9 0.6 0.9
Rice 1.1 L.8 2.8
Cotton 9.5 0.0 0.0
Cassava 2.3 .8 2.5
Tomatoes 0.3 0.0 0.0
Peppers 1.k 0.0 0.0
Percent of total 90.7 92.0 86.6

farm area under
above crops

Mean cultivated T.9 9.6 6.4
acreage
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TABLE 3-8, MEAN YIELDS OF MAJOR CROPS BY AREAS
Crop Mean Yields in Pounds Per Acre

Zaria Sokoto Bauchi
Millet 730 1650 T05
Borghum 1255 342 1219
Groundnut 1126 124 272
Cowpeas 288 128 68
Rice 149 4ol 207
Cassava TOL 1564 1585
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times their yields in Zaria. 11i) In Bauchi cassava yields more than

double the crop's ylelds in Zaria.

Seetlion 3. Income and Output Per Man

Table III~Q gives income and labor productivity date by study
areas, In the top half of the table, figures are calculated em-
Ploying actual product prices in the study areas at the time of the
surveys. In the botteom half of the table, however, cutput figures are
adjusted for inter-garea comparability by use of uniform prices. The
uniform price for each crop is defined as an average of the price of
the crop in the three study areas. The use of a uniform price is deemed
appropriste for a number of reasons., First, official statistics indi-
cate a decline in cost of living indices during the years 1966-1968 when
the studies were undertakenl. Second, the decline in prices appears to
be related to a decline in grain prices., However, the decline in grain
prices was not the result of a large crop but rather a general deflation
in the economy of the study regions. (FMANR, 1974}

In & defiation, prices of commodities may decline by different
degrees in different areas. Hence uslng actual prices in interregional

comparison of incomes and output can lead to some distortionsg.

Annual Reports, Central Bank of Nigeria and Annual Abstracts of
Statistics Federal Office of Statisties Lagos (various issues).

An alternative method 10 adjust output figures for a more accurate
comparison would be to deflate farm returns by the Consumer Price
Index (CPI). However, the CPI was not used because the composition
of the output as used in its construction may not necessarily be
the same for all three areas,
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Calculation of output per man was done in two steps. First the

gross value of crop output was computed:

N

GWCROP = I PiQ ----- (3-1)
i=1

where,

GVCROP = gross value of crop output

Pi = uniform price = average price of crop i
for the three areas.

Qi = total production of the ecrop

N = nmumber of crops grown in the areas.

In the second step GVCROP was divided by the number of man-equiv-

alents in the household:

GVCROP
H.E\

M.E. = M.A. + (F.A. x 0.75) + (L.C. x 0.50)

where
M.E. = Man equivalents
F.A. = Femaele adults
L.C. = Large children

Section 3b. Income and Output Comparisons

Table III-9 indicates that disposable income, excluding cattle

income, averaged N161 for the entire sample. Disposable income was high-

est in Zaria. In genersel, crop production constitutes the major component
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TABLE 3-9. INCOME AND OUTPUT PER MAN BY STUDY AREAS

Income Zaria Sokoto Bauchi

(A1l values in Naira)

Actusal Prices

Gross Revenue from 199 ' 16k 88

Crop Production

Net Farm Income 167 140 76

Off-Farm Inecome 39 Lh 36

Disposable Income 198 181 105

{excluding cattle

income)

Disposable Income 250 21k 128
. (including cattle

income)

Uniform Prices

Gross Value of 180 167 109
Crop Output '

Qutput per Family 37 49 32
man equivalent

Output per Family 0.44 0.58 0.ho
man dsy equivalent '
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of disposable income ~ accounting for at least 60 percent in all areas.
There were substantial differences in farm incomes -- ®K167 in Zaris
and N76 for Bauchi villages,

There was less variation in off-farm incomes, but intervillage dif-
ferences can be observed (Appendix 1). For villages close to the cities
for example, off-farm occupations account for 33 percent of disposable
income. The corresponding statistics for intermediate and remote villages
are 16 and 23 percent raegpectively.

An analysis of variance performed on Soth net farm income and dis-
posable income by region and by villages showed that observed differences
were significant in both cases at the one percent level,

The bottom half of Table I1I-Q shows that output per man, on the
average, is highest in Sokoto, Hh9 and lowest in Bauchi, ¥32. Differ-
ences between areas and villages were rlso found to be significant at
the one percent level. Duncan's multiple range test at the 5 percent
level revealed the top subset of villages to be Kaura Kiﬁba and Gidan
Kerma, both of which are Sokoto villages. The lowest subset of villages
consisted of the three Bauchi villages, Hanwa in Zaria and Tekatuju in
Sokoto, Possible explanation for these differences in income is that

Kaura Kimba has an unusually high proportion of gonan fadams (38.8

percent}. In addition, the highest percentage of farmers who owned
cattle lived in this village. In Gidan Karma, the next highest village
in terms of labor productivity, average farm size was the largest (14.8
acres ag compared to 10 for the entire sample). These results would
imply that probable sources of high labor productivity ere land quality,
ﬁse of manure (more readily aveilable through cattle ownership) aud a

large farm area,

&
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Section k. Factors Characterizing Qutput Per Man

Tha frequency distributions of household heads disaggregated by
output per man and for each aréa are presented in Pig. II1-5. 1In gen-
eral the three distributions are negatively skewed. In Bauchi, for
example 91 percent of farmers had ocutput per man below 60. The corre-
sponding percentage for Zaria and Sokoto are 85 and 68 respectively.

To better identify factors that may explain differences in labor
productivity, the sample in each area was stratified into three on the
basis of output per man. The strata are a) the top or first quintile -
Cless 1; b) the second, third and fourth quintiles — Class 2: and ¢}
the bottom or fifth quintile - Class 3.

A number of observations can be made concerning the mean levels
of use of various factors of production, and income, by lebor produc-

tivity class (Tables I1I-1Ca - 10c).

a) Both total and hired labor use are positively related to
cutput per man. But no correlation between labor productivity and the
number of residents in the farmer's household is apparent.

b) Total cultivated farm size as well as gonan fadama acreage are

positively related to output per men. Except for Sokoto, the top class
had more land left fallow than the other classes.

¢} There is a positive relationship between labor productivity
and the use of fertilizer. In general, the bottom strata used the least
smount of both manure and inorganic fertilizer. There appears to be no
consistent positive relation between the use of manure and the number of
cattle owned. For example, in Zaria while the bottom stratum owned on

the average 3.4 cattle, they used 5.8 tons of manure, compared to the top
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TABLE 3-~10a. RELATIONSHIPS BETWEEN OUTPUT PER MAN

AND PRODUCTION CHARACTERISTICS {ZARIA)

L

Production Values by Output per Man Strata
Characteristics 1 2 3

Output per Man (N) >k .9 19.2-54,9 <19.2
Total Labor (man days) 511.7 398.1 279.0%%
Hired Labor (man days) 162,8 hk.1 26.3%*
Number of Residents in T3 9.0 7.6
Household
Total Cultivated Land 13.68 T.1 L %w
(acres)
Cultivated Fadama (acres) 1.2 0.7 0.0%%
Fallowved Land (acres) 2.0 1.0 1.2
Total Organic Manure 8.6 7.6 5.8
(tons)
Number of Cattle Owned 1.7 3.4 3.k
Inorganic Fertilizer 0.5 0.1 0,1
Cost (N)
Off-Farm Income (¥) k0.6 37.2 43.6
Disposable Income (N) 332.9 1684 .2 102, L#

* Differences significant at 5% level

** Differences significant at 1% level



b5

TABLY, 3-10b. RELATIONSHIPS BEITWEEN QUTPUT PER MAN

AND PRODUCTION CHARACTERISTICS (SOKOTO)

Production Values by Cutput per Man Strata

Characteristics 1 2 3
Output per Man (H) >T1.03 21.29-71.0 <21,29
Total Labor {man days) 3717.2 31h.b 258.5
Hired Lebor (man days) 113.8 39.1 13.L**
Number of Residents 5.1 5.8 5.6
in Household
Total Cultivated Land 15.68 8.8 5.5%#
{acres)
Cultivated Fadama {scres) 1.8 0.8 C0.1%
Fallowed Land {acres) 0.1 0.5 6.3
Total Orgsnic Manure (tons) 9.3 7.9 0.0
Number of Cettle Owned 2.9 1.3 0.3%
Inorganic Fertilizer (M) 0.1 .03 0.0
Off-Farm Income {N) 29.3 46.6 ' 52.5%
Disposable Income (H) 287.7 173.4 _ 06 .C"%

* Dpifferences significant at 5% level

*# pifferences significant at 17 level
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TABLE 3-10¢. RELATIONSHIPS BETWEEN OUTPUT PER MAN
AND PRODUCTION CHARACTERISTICS (BAUCHI)®

Production Values by Output per Man Strata
Characteristics X 2 3

Output per man (¥) >48.2 | 16.3-k8.2 <16.3
Total Labor (man days) 258.8 319.4 158.0%*
Hired Lebor (man days) AT.5 31.5 22.3
Number of Residents h.h 6.8 5.10%
in Household
Total Cultivated Land 77 6.9 3.1%
Cultivated Fadama (acres) 0.0 0.k 0.1%*
Fallowed Land (acre) 6.3 3.2 0.8*
Tota)l Organic Manure (tons) 1.k 1.9 0.5
Number of Cattle Owned) 2.9 0.5 1.3
Inorganic Fertilizer (M) 0.0 0.0 0.0
Off-Farm Income (M) 26.7 37.5 38.5
Disposable Income (N) 134.7 110.6 58, 7%

® Differences significant at 5% level

®® Differences significant at 1% level
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stratum who owned 1.7 cattle but used 8.6 tons of manure. Very small
anounts of inorgenic fertilizer were used in the study villages; the
least amcunt was used by the lowest strata. No fertilizer was used by
the Bauchi farmers in the survey.

d) Off-farm income is pegatively related with farm output per man.
For instance, for the sample as a whole, off-farm income constituted up
to SU percent of the disposable income of the bottom strate but only 1b
percent of the income of the top strate. However, off-farm incomes were
not high encugh to compensate for differences due to farm output.

e) In Zaria and Sckoto, the average disposable income for the
bottom strata was only about one-third of the average for the top sirata.
The corresponding statistics for Bauchi is 44 percent. An analysis of
variance on the disposable income by cutput per man e¢lass indicated that
differences in disposable income between labor productivity‘strata vere
significant at the 1 percent level.

In order to assess the degree to which output pef man is influenced
by the various factors of production discussed above, correlation coffi-
cients were calculated. Results presented in Tahle III~11 show output
per man and disposable income to be moderately correlated, (r = .62).
Other variables showing statistically significant effects on labor pro-
ductivity are: cultivated land area, cost of seed, expenditure on hired
labor, fadama area, and use of inorganie¢ fertilizer. It is of interest
that inorganic fertilizer use has a higher correlation coefficient with

output per man (.27} than organic manure (.1k).
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Section 5: Effect of Crop Mix and Yields on Output per Man

Crop enterprise selection is an important aspect of farm decision-
making. Matlon's work shows there is a positive relationship between
income class and the emphasis given to high value crops, e.g. peppers
(Matlon, 197T).

The mwain objectives of this section are to assess the relative impor-
tance of subsistence and "cash" crops for farmers grouped on the basis of
output per man and to estimate the relative yields of different crops by
labor productivity stratal. In order to obtain the data presented in
Table III-12, the crops grown by sample household heads in the three
areas were first classified into three categories as follovs:

i) subsistence crops: sorghum and niliet®

ii) common cash crops: these consist of all other crops common to
the three regions. There are a total of twelve crops in this group -
groundnut, cowpeas, maize, rice, cassava, cocoyams, sweet potatoes,
sugar cane, okra, onions, hempland tobacco.

iii) area specific crops: these are crops grown in one or two of the
areas but not in all three areass. These include yams and irish potatoes

for Zaria, indigo in Sokoto, and beniseed in Bauchi.

The word "cash" is only used by convenience. "Subsistence" crops
could also be sold for cash; and some crops classified as cash crops
may be partly consumed by the farm family (e.g. covpeas).

o Simmons in & consumption survey of Zaria villasges estimates that
sorghums and millets provide 72 percent of the total calorie in-
take of households, (Simmons, 1976).

3

Climatic factors constitute the major reasons for area specificity of

some crops. For example, relatively low rainfall in Sokoto precludes
the cultivation of yams,
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The output value of the three categories of crops wvere then calcu-
lated by output per man class (Table III-12},

Subsistence crop emphasis is highest in Bauchi, accounting for T9
percent of the gross value of output. In Zeria the corresponding propor-
tion 1s 45 percent. Except in Bauchi, subsistence erop emphasis is
greatest for the lowest strata. In Zaria, for instance, the relative
importance of subsistence crops for the bottom strata iz double that of
the top strata,

Cash crop emphasis is highest in Zaria where cash crop value is 45
percent of total output value. Except for Zaria, the relationship between
cash crop emphasis and output per man 1s not consistently positive. 1In
Zaria while 54 percent of total output value of the first stratum is.from
cash crops, {i.e. higher than that for any other productivity class),
in Bauchi the top stratum gave less emphasis to cash crops =-- 1k
percent - compared to 22 for the bottom class.

Area specific crops are most important in Zarie villages, where,
on the average, they make up 10 percent of total output. The top class
gave most emphasis to area specifiec crops, 15 percent of the total cut-
put value as compared to 5 percent in the third clasa.

Observed inter-ares differences In crop emphasis appear to reflect
varistions in the degree of urbanizetion among the three areas. Thus

the more urbanized areas have higher cash crops emphasis.

Relative Crop Yields

In Table III-13, crop yields per acre are expressed as a ratio, with
the denominator equal to the average crop yield for the area. In Zeria,
relative yields for millets, gorghum and rice are lowest for the first

strata. However, differences between output per man class for the first
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TARLE 3-13a. RELATIONSHIPS BETWEEN OUTPUT PER MAN
AND CROP YIELDS (ZARIA)

Yield per Acre as Percent of Average Yield for Ares

Crop Values by Output per Man Class
1 2 3
Millet 0.8 1.0k 1.05
Sorghum 0.87 1.05% 0.99
Rice 0,64 1.13 0.96
Cowpeas 0.7k 1.17 0.72
Cassava 1.23 0.95 ' 0.9
Groundnut 1.1% 1.05 0.67
Cotton 147 1.01 C.hk
Onions 1.81 1.05 n.p?
Peppers 1.76 1.03 : 0.11%
Suger Cane 1.27 1.19 0.13%+
Weighted Average 0.93 0.95 0.66%

Yield Relative

a
n.p. = not planted

®* Differences significant at 5% level

%% pifferences significant st 1% level
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TABLE 3-13b. RELATIONSHIPS BETWEEN QUTFUT PER MAN

AND CROP YIELDS {S0KOTQ)

Yield per Acre as Percent of Average Yield for Area

Crop

Velues by Output per Man Class

1 2 3
Millet, 1.29 0.94 0.80%
Sorghum 1.50 0.96 0.63%
Rice 1.2k 1.06 0.57
Cowpeas 1.72 0.96 0. ho*
Cassava l.23 1,02 : 0.69
Groundnut . n.p. 1.16 1.50%
Sugarcane 0.52 1.26 0.69
HWelghted Average 1.1¢9 0.92 0. TTee

Yield Relative

n.p. = not planted
* Differences significant at 5%

** Differences significant at 1%
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TABLE 3-13c. RELATIONSHIPS BETWEEN OUTPUT PER MAN
AND CROP YIELDS (BAUCHT)

Yield per Acre as Percent of Average Yield for Area

Crop Values by Cutput Per Man Class
1 2 ' 3
HMillet 1.35 0.93 0.88
Sorghum 1.13 0.94 1.05
Rice 0.76 1.21 0.57
Cowpeas 0.52 1.21 0.80
Cassava 0.25 1.53 0.05
Groundnut 1.36 0.92 | 0.90
Onions 0.57 1.46 n.p.
Sugarcane 0.41 1.48 0.08
Weighted Average 1.0% 0.96 0.88

Yield Relative

n.p. = not planted
* Difference significant at 5%

#% Difference sipgnificant at 1%
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two crops are not significant. For all the cother crops except cowpeas
the top class has yields above everage and higher than the other strata.
Those in the lowest owiput per man class grew no onions and had a much
lower relative yield for peppers as compared to the higher productivity
classes,

In Sokoto, except for groundnut and sugar cane, yield relatives for
the top stratum were above average and higher than for the other ciasSes.
Groundnut was not produced by the top class. This group also had the
lowest yield relative for sugar cane.

Results for Bauchi slso show lowest yield relatives for the bottom
class, except for cowpeas., Cowpea yields for the top stratum are 52
percent of the sample averagé, compared to 80 percent for the lovest
class,

In general yield differences were less for subsistence crops as come
pared to cash crops. It is also of interest that yleld relatives are
below average for a oumber of crops in the bottom stréta. The last row
or Table II1I-13 presents an overall yield index by output per man strats.
Te calculate the yleld index the following formula was used:

N

YT = I wi vi® - - -~ {3-2)
i=1
vhere
YI = Yield index
YiR =  relative ylelds of crop 1 defined as
2& y» 1.e. ratio of yield per acre of
1

crop 1 to mean yield for the area.
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Wi = Weight attached to crop i defined as,
Xt . 4.0, value of crop i
Gvorop * 1-e- ue of crop i as a
proportion of the gross value of crop
output for the area

R = Number of crops, which is 10 for Zaria,

8 for Bauchi and 7 for Sokotol.

In 811 areas, inter-strata differences in the yield index though evident
are not as large as the individual crop yield relatives. In Zaria wvhere
the difference 1s largest, the bottom class has a yield index two-thirds
of the top class. Difference in the yield index are smallest in Bauchi
vhere the third stratum has a yield index almost 85 percent of that of
the first.

In Table III-14, measures of the extent to which various factors
are related to yield are presented. A number of observations can be
made:

i) In general, yield is negatively correlated with cultivated
lend area. The coefficient is significant in Zarias and Bauchi.

ii) In all three areas yield is positively related to labor use.

1 The criterion used in selecting crops included in this calculation is

that at least 0.1 percent of total cultivated acreage is devoted to it.

A possible explanation is that with traditional technology, intensity
of land use tends to decline with increasing farm size. This is in
agreement with findings in India where large farms are usually less
intensively cultivated than smaller farms (Sahota, 1968).
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TABLE 3-1%. CORRELATION COEFFICIENTS BETWEEN
YIFLD INDEX® AND OTHER FACTORS - ALL AREAS

Variables Zaris Sokoto Bauchi
Total Cultivated Land -0.17T ~0.117 ~0.198
{Acres)
Tetal Labor per Acre 0.349 0.391 0.336
(men days)
Fertilizer Cost per Acre 0.278 0.191 0,207
(0.1 naira)
Seed Value per Acre -0,0k2 0.387 0.390
{0.1 naira) :
Intercropping Index 0.211 0.01¢ 0.160

{Intercropped area as
proportion of totsl
cultivated land)

Fallow Average ~0.009 ~0.25%6 ~0.155
Proportion

Level of Bignificance
of ¢

5% 0.1T4 0.195 0.187
1% 0.228 0.254 0.2k

a
Yield index based on Sorghum, millet, groundnut and cowpeas.
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{ii) A positive correlation is also observed between yield and fertil-
izer. But the coefficient is not significant for the Sckoto sample.
iv) Except in Zaria, seed cost is positively correlated with the
yield index.
v) Although the intercropping index coefficient consistently has a
positive sign, it is significant only for the Zaria sample,
vi) Fallow acreage proportion is negatively correlated with yield.

However, the coefficient is significant only for the Sokoto sample,

Determinants of Yield

In this subsection an attempt is made to identify factors associated
with higher crop yields. A yileld index based on the four major crops:
sorghum, millet, groundnut and cowpeas is computed as in equation 3—2.l
With the yield index as the dependent variable, Ordinary Least Square

regression methods are employed to estimate the following model:

X X X X X
2 "3 g T8 6
YI = (X 5 e wmia o g == Do By e) = = = = = 3-3
AE i Ak Al g bl i
YI = Yield index
X, = Total cultivated land area (acres)

X, = Total labor (man day equivalents)

X, = Total fertilizer value (in 0.1 naira)

X, = Seed cost (in 0.1 naira)2

X. = Total land area under crop mixtures (ecre)

K6 = Total land area fallowed

These crops occupy between T0 and 80 percent of total cultivated
land area.

X3 and Xh were originally measured in shillings. One shilling = 0.1

naira or 10 kobo in current Nigerian currency.



= Location dummy for nearby villages
= Location dummy for intermediate village

= Error term

th linear and log-linear formsl of the model are estimated for each
area,

Estimated coefficients are presented on Tables III-15 and III-16;
t-statistics and the rank of each variable based on the size of the beta
coefficients (8*) are also given.?

The tables indicate that:

1) The estimated models have a low predictive power. For example,
the coefficient of multiple determination corrected for the degrees of
freedom indicate that only 35 percent of the variability in the yield in-
dex is explained by the variables considered for Sokoto (log-linear model).
The R° is lower for other areas -- 0.30 and 0.28, for Bauchi and Zaria
respectively.

In all areas, labor, seed, and fertilizer have statistically
slgnificant coefficients.

2) Differences in the relative importance of included variables
are evident:

a) In Zaria for example, labor and fertilizer constitute the major

explanatory variables., The linear model indicates that on the average an

Standardizing come of the explanatory variables and the dependent
variable by cultivated land area, which is also a regressor affects
the interpretation of the coefficient for land in the log-linear
model, Its coefficient is the sum of the coefficients of those
variables standardized by Xl, less 1.

2 ge = B oxi
i oYI
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additional man-dey equivalent to the acre will increase the yield ipdex
by 0.002; while the log-linear model suggests that a 10% increase in per
acre labor use would result in a 2.9% incresse in the yield index.

b} In Zaria and Bauchi, nearby location is positively associated
with yield, but in Sckoto the coefficient is negative and is the most
impoertant explanatory variable.l

¢} In Bauchi, seed and labor are the most important explanatory

fectors.

Section 6. Influence of Farm Size snd Other Factors on Farm Productivity

In previous sections Intervillage variations in farm size and some

factors not directly involved in farm production were discussed. Such
fectors include remoteness from urban centers, ownership of cattle, and
family structure. This section examines the associstion between these

factors and labor productivity.

Farm Size:

An implicit assumption in most land reform programs in developing
countries is that small farm sizes which characterize traditional agri-
culture coentribute to low farm income snd inadequate returns to labor,
However, in a recently completed study in Kano, Nigeria, "farm size
showed no strong sssociation with income ¢lass” {Matlon, 1977, pp. 104~
110}, |

Data oﬁ the relationship between farm size and farmlincomes are
shown in Teble III-17, The table shows disposable income and returns

te labor to be positively related to farm size, Farmers with higher

1 The slgnificant negative coefficient for the village closest to the

urban center in Sokote may be a reflection of lower soil fertility.
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cultivated land area also employed more labor. However, noe c¢lear rela-

tionship is apparent between farm size and off-farm income.

Proximity to Urban Centers

Table III~18 indicates that both disposable income and labor produc-
tivity are inversely relsted to proximity to urban centers.1 However,
off-farm ineomes are highest for villages closest to the cities. Norman
and Pryor show that while trading activities "are more important vith
Increasing remoteness of villages, modern services were the dominant
source of off-farm income in villages closest to the urban area" (Norman
and Pryor, 1978}.

Low cutput per man observed for the nearby villages appears to he
related to 8 higher population depsity and smaller farm sizes. The aver-
age farm size for Hanwa, Takatuku and Bishi for example was 7.6 acres a=s
compared to 13.6 for the villages furthest from the towns.

The intensity of land use expressed in terms of the propertioan of
total farm size cultivated is lowest for the most remote villages, .75
as opposed to .91 for the nemrby villeges.

Finally the higher labor productivity observed in the most remote

villages was not related to land quality.

Ownership of Cattle

The role of livestock in agriculture - e.g. as a potentisl source of
farm power, capital and manure = is very well known in the north of
Nigeria {Norman and Pryor, 1978). Since only crop residues are fed to
cattle it can also be assumed that catile owners also obtain & value from

their crops over and above actual ecrop output.

1 A possible relstionship between nearby loecations and poor soil quality

was noted carlier in Sention 5.
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TABLE 3-18. FROXIMITY TO CITIES AND
QUTPUT PER MAN

Variables Yillages in Order of Proximity
Nearby Intermediate Distant
L Hanws, Doka Dan Maphawayi
Takatuku Kaura Kimbs Gidan Karma
P Bishi Nasarawa Nabayi
Population Density 5G4 337 177
persons per square
mile
Qutput per Man (B) 29.6% ka.22 L6.88
Output per Man-Day (%) 0.38 0.43 0.59
Output per Cultivated 18.67 2k .15 16.18
Acre (¥)
Disposable Income (H) 155,91 154,49 172.T1
Off~Farm Income (X} 51.59 25.99 h1.01
Farm Size (acres) 7.6 8.2 13.40
Farm Size per Reazident 1.2 1.2 2.4
Cultivated Lend as 91 78 +15

Percent of Farm Size

Cultivated Fadsma {acres) 0.2 1.4 0.3

LT
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Table III-19 indicates that farmers who own cattle tend to have
higher net farm incomes.

Except in Bauchi villages, non-cattle owners appear to complement
their farm earnings through higher off-farm inecomes. However, cattle
owners eern higher disposable incomes, and, except for Zaria farmers, also
have & higher value of output per man. A t-test on output per men by
ownership and non~ownership of cattle for the entire sample showed that

observed differences are significant at the 1 percent level.

Family Structure and Age

Composite family structures called gandu traditionally characterized
the study area. In recent years, however, the gandu has come “under
stress owing to the impact of modernization," (Buntjer, 1970; p. 157).
There is therefore, a tendency for the gandu to be superseded by single
family units - iyali. (Norman and Pryor, 1978; p. 65)

Various researchers have discussed the possible effects of the break-
up of the gandu on farm production and on the adoption of better farm
practices. Buntjer, vorking in Zaria, viewed the gandu as "an authority
structure” in which the subordinates not only view time spent on the gandu
farm "es an imposition” but also "feel that modern agriculture could be
carried out better," outside the composite units (Buntjer, 1970). Work
by Tiffen in Gombe villages indicates that farmers heading Joint family
units are more likely than farmers in iyali to adopt certain innovations,
especially those related to the ox-plough (Tiffen, 1973). However,
Edache's work in Kano shoved "no real differences” between the two classes
of family organization as far as the use of the ox-plough is concerned
(Edache, 1978). Norman, Pryor and Kroeker explain that arguments for‘

both gandu and iyali acceptance of new techniques depend on various
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factors: location of the farmer, the resources at the farmer's disposal,
the enterprises pursued, etc. (Norman et al., 1976). The objective of
this subsection is to assess inter-area differences between different
types of family organization with respect to input utilization, output
per man and crop yields.

i) The data in Table III-20 (a-c) confirm the superior position of
the gandaye with respect to resource endowments particularly land and
labor, as has been shown by Norman and Pryor (1978), and Edache (1978).

ii) The higher organic manure used by farmers in the gandu appears
to be related to the larger number of cattle they owned.

iii) Inter-area differences with respect to fertilizer use is
evident: Zaria farmers in the gandu spent more then those in iyali on
fertliizer. 1In Sokoto, however, the reverse is the case. The mean vari-
able cost of fertilizer for farmers in the iyali system was 1.L5 while the
overall average for the gandu was 0.87. Differences in fertilizer and
seed expenses between the different types of gandu are also apparent:
gandaye of brothers spend 1.13 on fertilizer compared to 0.60 for gandaye
of father and sons. In Bauchi, very little fertilizer was purchased by
farmers. But the little amount that was spent was by farmers in the iyali.

iv) Tables III-20 {a-c) also show that average expenditures on seed
vere generally higher for farmers in the gandu. In Zaria and Sokoto,
however, observed differences in seed expenditures are small when expressed
on a per unit area basis -- implying that seed costs are in part related to
farm area.

With the exception of Zaria, farmers in the iyali system had higher
labor productivity than those in the gandu. Output per man for multiple

femily units of brothers was higher than for units of father and sons.
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TABLE 3..20a, RELATIONSHIPS BETWEEN FAMILY STRUCTURE
AND FACTORS OF PRODUCTION (ZARIA)

Yauriable Values by Family Structure

Preduction

Factors Lyali Sandu
Labor -
Man Equivalent in llousehold 3.2 l 6.6
Hired Man-days . kh .6 , 86.6
Total Man-days 283.7 516.8
Lend
Total Cultivaeted Land (Acre!} 5.0 10.9
Cultivated Lowland 0.5 0.8
Other Inputs
Totel Organic Manure (Tons) 3.9 ) 11.1
Organic Manure per Acre (Ton) 0.8 1.0
Number of Cattle Owned 0.9 5.3
Inorganic Fertilizer (Cost W) ' 0.1 0.3
Variable Cost of Fertilizer B 0.4 1.1
Imputed Cost of Seed (N) 8.2 19.5.
Cost of Seed per Cultivated Acre (¥) 1.6 1.8
Qutput Per Man () 36.8. 38.4.
Yield Index 0.85 0.93

Humber of Observations 6k 60
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TABLE 3-20b. RELATIONSHIPS BETWEEN FAMILY STRUCTURES

AND FACTORS OF PRODUCTION (SOKOTO)

Variable Values by Family Structure

P;°d:°ti°" Tyali Gandu of Gandu of
gc ors Brothers Father/Sons

Labor

Man Equivalept in Household 3.0 4.7 k.8

Hired Man Days 39.2 ko.5 92.%

Total Man-Days 260.8 419,9 u86.7
Land

Total Cultivated Land {Acres) 9.k 10.8 9.5

Cultivated Lowland {Acres) 0.5 2.0 1.9
Other Inputs

Total Organic Manure (Ton) 7.9 6.0 - 12.7
Orgsnic Manure per acre (ton) 0.8 0.6 1.3
Number of Cattle Owned 0.9 1.0 3.5

Inorganic Fertilizer (N) 0.0k 0.0 0.0
Yarisble Cost of Fertillzer (N} 1.5 1.1 0.6

Imputed Cost of Seed (¥) 8.0 10.9 8.81 .

Cost of Seed per Cultivated 0.8 1.0 0.9,
Acre (H) '

Output per Man (M) 50.3 k7.6 46.5
Yield Index 0.91 0.98 1.05
Number of Observations T3 18 9
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TABLE 3-20¢. RELATIONSHIPS BETWEEN FAMILY STRUCTURE
AND FACTORS OF PRODUCTION (BAUCHI)

Variable Values by Family Structure

P;od:c:ion Iyali Gandu of Gandu of Gandu of
el Brothers Father/Sons Other Types

Labor

Man Equivalents in 2.9 3.9 5.2 5.5

Household

Hired Man-days 26.2 27.1 L7.9 35.0

Total Man-days 228.6 318.7 383.9 417.2
Land

Total Cultivated p 3 | Tel 7.5 7.9

Land (acre)

Cultivated Lowland 0.1 0.7 0.2 0.1

Other Input

Tota)l Organic Manure 0.9 1.6 1.8 6.8

(tons)

Organie Manure per 0.2 0.2 0.2 0.9

Cultivated Acre (tons)

Number of Cattle Owned 1.1 0.5 1.6 0.0

Imputed Cost of Seed (§) 3.4 9.5 5.5 3.7

Cost of Seed per 0.6 1.2 0.7 0.5

Cultivated Acre (N)

Output per Man (W) 32.8 39.0 25.6 28.9

Yield Index 0.88 0.96 1.20 1.20

Number of Observations 75 23 15 3
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In Zaria the difference in labor productivity between gandu and iyalil

farmers is not significant. However, in Sokoto and Bauchi observed dif-
ferences were significant at the 5 percent level.

Tables 111-20 (a-c) show very small differences in the overall crop
yield index between family structure classes; however, farmers in the
gandu had slightly higher crop yields. Attempts to explain differences
in farm productivity arising from the influence of family structure are
usually centered on two somewhat contradictory premises: on the one hand
it is argued that families headed by younger farmers tend to use more
improved practices (Buntjer, 1970); on the other hand, "older farmers
have more experience." (Norman and Pryor, 1978)2

Tables III-21 (a~b) examine the influence of age of household heads
on use of fertilizer, output per man and crop yields for Sokoto and Bauchi.
The rate of fertilizer use was highest for the middle age classes. In
general farmers above 60 years incurred no fertilizer expense, Use of
organic mapure, which is lowest for the youngest farmers, appear to be
related to the number of cattle owned.

Tables III-21 (a-b) also indicate that output per man equivalent is
highest for the youngest age class and lowest for the oldest class. Over-
all, while output per man was N5L.4k for farmers below 30 years, the mean

returns to labor for the older four classes was ¥36,20

1 It may be noted that heads of gandaye of brothers, tend to be younger
then heads of gandaye of father and sons.
2

It has also been suggested that the breakup of gandu into nuclei units
may result in an increase in the dependent per worker ratio. (Norman,
et al., 1979). This would imply that farmers in iyali type family

structures have a gre-ter incentive to work harder than those in gandu.
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TABLE 3.21a. RELATIONSHIPS BETWEEN AGE OF
HOUSEHOLD HEAD AND SOME PRODUCTION
CHARACTERISTICS (SOKOTQ)

Variebles Variable Values by Age Classes

- -

Age . '
0-30 31-k0 41-50 51-60 >60

Cultivated Land Area 11.5 8.4 9.5 9.1 9.8
{Acre) '

Fertilizer Use; 7.5 22.0 9.1 19.8 0.0
Variable Cost (Kobo/Acre)

Organic Manure 0.7 0.9 1.0 1.0 0.9
Tons/Acre '

Humber of Cattle Owned 0.8 1.5 1.1 2.3 1.7
Gross Value of Crop 185.7 1hk5.7  169.T  179.0  149.5
Cutput (H)

Output Per Man (%) 67.1 by, 4 by 1 k5.5 41.8
Crop Yield Index 0.8 1.0 0.8 1.1 0.8

(1 = mean)

Number of Observation 21 26 2o 22 9
Cases
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TABLE 3-21b. RELATIONSHIPS BETWEEN AGE OF
HOUSEHOLD HEAD AND SOME PRODUCTION
CHARACTERISTICS (BAUCHI)

Variables Variable Values by Age Classges

Age
0-30 31-%0 h1-50 51-50 >60

Cultivated Land Area 5.2 5.7 T.2 T.% 6.3
(Acre}

Fertilizer Use: 0.2 0.0 0.0 0.0 0.0
Varinbtle Cost {Xobo/Acre)

Organic Manure 0.1 0.2 0.2 0.3 0.1
Tons/Acre

Number of Cattle 0.2 0.8 0.1 3.6 0.0
Owned

Gross Value of Crop 94.9 Bg.2 135.1 130.8 B3.6
Output (N)

Output Per Man (M) k1.8 28.3 34.0 29.7 20.9
Crop Yield Index 1.20 n.8 1.0 1.0 0.7

Number of Observations 23 3 26 25 8
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Except for the oldest farmers {above 60 years), who consistently
had the lowest crop yield index, differences in crop yields between age

classes were small.

Sumnary

The major conclusions that cen bhe drawn from the anaelysis of factors
related to differences in output per man are as follows:

i) With respect to resource utilization, the largest component of
cash expenses is for hired labor (57 percent of total farm expenditure).
Very liitle inorganic fertilizer is used by farmers.

ii) There are inter-ares differences in crop emphasis and yields:
while millet is the most important crop grown in Sckoto, sorghum is the
dominant e¢rop in Zaria and Bauchi,

1$1) There are significant differences in net farm income, disposable
inconme, and value of farm output per man between nreas and between
villages in the same area. Sokoto farmers have highest value of farm
output per man, ¥ 49.37 while Bauchi farmers have the lovest, N 32.0k.

iv) Output per man is significantly correlated with land area, cost
of seed, labor and fertilizer use. Major determinants of yield are labor,
seed and location.

v) Contrary to Matlon's findings for South-west Kano, income and
output per man show strong positive relationships with farm size.

vi) In general, output per man is higher for farmers in the iyalil
system. But there are differences between types of gandu, Farmers in
gandu of brothers used more fertilizer and had higher labor productivity

than those in gandu of father and sons.
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vii} Finally, the only significant relationships between age of
operator and factors affecting production were with respect to fertilizer
use and output per man, Fertilizer use was highest for middle nge classes

(40-60 years) but output per mon was greatest for the youngest age class

(below 30 years).



CHAPTER &

MEASUREMENT OF PRODUCTION EFFICIERCY-

ALTERNATIVE METHODOLOGICAL APPROACHES

The concept of efficiency is ceoncerned with the relative performance
of the processes used in transforming given inputs into output. Economic
theory distinguishes between at least itwo types of efficiency: =) allo-
cative effieciency, which refers to the choice of an optimum combination
of inputs congsistent with relative factor prices; and b} technicel effi-
ciency, which refers to the ability of firms to employ the "best practice"
in an industry so that not more than the necessary mmount of a glven set
of inputs is used in producing the "best” level of output (Timmer, 1970,

p. 100; Carlsson, 1972), The degree to which &) and b) gre achieved, is
commenly referred to as production efficiency (French, 1577, p. 95).

The majority of studies of production efficlency in treditional
agriculture have concentrated on the allocative aspects (e.g. Sahots,

1968; Massel, 1968; Welsch, 1965; Norman, 1670). An excepticn is Shapiro's
study of Tanzanian cotton growers {Shapiro, 1974}, which includes an
analysis of technical efficiency.

The obJective in this Chapter is to evaluate alternative methodolog-
icel approaches relevant to the measurement of farm level production
efficiency. The approaches discussed include the following: farm business
performance measures, the average produdtion funection, linear programming

and the frontier production function.

M
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Section 1. Farm Business Performance Measures

Decision makers are interested in higher net income. In measuring
the extent to which this goal is attained, returns to specific parts of
the farm business are usually considered -~ e.g. returns teo labor and
management , capital efficiency, or output per unit land area. (Castle,
Becker and Smith, 1972; Milligan and Davis, 1978) Computed memsures for
Jndividual farms are then compared with the average for similar farms in
8 piven area or to values calculated for representative or synthetic farms,
Farm performance measures arec useful for identifying the strong and weak
points in farm organization. Howvever, they have limitations. TFirst,
conditions that apply on the average for an area, may not apply on indi-
vidual farms; second, while such net income measures may be & good indi-
cation of success, they do net 1ndicate how successful farmers got to be
successful. In other words, they may not answer the qpestioﬂs as to vhat
factors are associated with success and what can be done to improve farm

performance,

Section 2. Average Production Functions

Production functions deseribe the relationship between inputs and
output given a known way of organizing production. An znalysis of the
underlying function is a common approach in both industry and agriculture
in the study of labor productivity.

Various functional forms can be used (Heady and Dillon, 1964}.

Guides as to the selection of an appropriate form for a particular situ-~
etion ure related essentially to three considerations. These are: i) the
nature of the probvlem, ii) the type of relationship deemed to exist be-

tween inputs and cutput, and iii) the constraints or assumptions implied
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by the particular t‘unction.1 Production functions may be estimated by
single equation or simultaneous equation procedures (Marschak and Andrews,
194%L), However, most studies of farm productivity using cross-sectional
data have used the single equation approach and the Ordinary Least Squares
(OLS) estimating procedures (Massel and Johnson, 1967; Youmans and Schu,
1972)

Most statistical problems encountered in the estimation of production
functions are related toc the violation of the basic assumptions of the OLS
model. Two such problems are discussed: simultaneous equation bias and

specificaticon error.

Simultaneocus Egquation Bias

Single equation estimates are said to have simultaneous equation
bias when the equation is a member of a system of equations, and some of
the independent variables (besides the dependent variable) are functions
of distrubance terms in the eguations. Some of the earliest writers on
this issues were Marschak and Andrews (194L). They emphasized that econo-
mists cannot measure the effects of changing amounts of inputs on output
the way field agricultural research workers can. While the latter deter-
mines the level of inputs to use, the labor and capital resources used by
the firm studied by an economist are determined by the firm. The impli-
cation is that the equation estimated should capture the various decisions
involved.

Consider a firm's production function of the general form:

Y = f(xl. s xk.e) (k-1)

where ¥ = output, X's = inputs and e = disturbance term

1
More is said about alternative functional forms in Chapter 5.
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Harschak and Andrews demonstrate that the equations related to the
firm's choice of inpuwt levels should also be included in the model.

It profit maximization is the goal, firms attempt to produce at a
level at which marginal value productivities are equal to input costs.

For equation {hi-1)

&Y a[f(xl cveXs e}l
Xy a 8X

1

and profit wmaximization implies

P
&t 'ma
3 = By and

(%1——) PY =P

X1 X

where, & is the parginal physical product of a factor of production,

%

le is its price and Py is the output price. Considering only two inputs,

factor demand equations derived from (4-1) and (4-2) are of the form:

X = fl(Y, Py, Pyys e1) (4=3)
X, = fg(Y, Pus Pyo, e,) (4-4)

Thus in & two input, output situstion, cne is confronted, not Just with
the production function (4-1) but with {4-3) and (b-4) as well.

The above situation indicates that the regressors may not be indepen-
dent of the error term, in which casze QLS estimates will give inconsis-

tent results.
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Johnston suggests that other estimation technigues, such as indirect
least squares, two-stage least squares, and Limited Information Likelihood
methods could be used instead of OLS to give consistent estimates
(Johnston, 1972, pp. 253-263).

However, Mundlek and lHock have shown that with appropriate model
gpecification, single equation models may be almost free of simultaneous
equation bias. They distinguish between transmitted and untransmitted
disturbances. It is assumed that the distrubance term consists of twe
terms.

Again using eguation (4-1):

e =ee, (b=5)

one of the e's is transmitted to the inputs, while the other is not.
The transmitted disturbance e, is regarded as affecting input decisions -
decisions which the producer is aware of. The untransmitted disturbances
are those not affecting input decisions since accurate information is
absent. Mundlak and Hock argue that if one specifies most of the factors
accounting for € the bias transmitted to the inputs will be small.
Firm effects and time effects are said to be the major components of the
transmitted disturbance so that their elimination would reduce the trans-
mitted component of e to negligible proportions (Mundlak and Hock, 1965,
pp. 818-852).

The final choice between single and simultaneous equation models
would, of course, depend not only on the statistical properties, but also
on the purpose for which the estimates are desired and the availability

of appropriate data.
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Specification Bias

Griliches defines specification error a3 a situation in which one or
more of the following cecur: exclusion of variables, using approximations
in representing regressors, inappropriate aggregation of output and/or
inputs, or comitting "various other sins of omission and commission.”
Griliches has shown that such errors can lead to a bias in the estinates
of parageters and returns to scale.

The general multiple regression model may be written as
Y=XB +a {4-6)

where, Y, is & column of vector of values taken by the dependent
variable, X is a matrix of values of all the independent variables, £, is
& column vector of parameters and, @, a column vector of disturbances.
Assume equation (k-6) is the true representation of the existing relation-

ship. However, due to some specification error, the model estimated is

{=X8 + & | (4-7)

Thus instead of obtaining an estimate of, B, and estimate of B is

¢btained:
U =1 —t

E=EN "Xy (4-8)

~

- If (4-6) is substituted into {4-8) and the expected value of the estimator

taken we get

BE = BET) T (xp + e) C (4-9)

Ve ] amt
(XX}~ X Xe

b

IT(XXN)™ X %

n

P then E(B) = Pe {rather than being equal to g}
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Thus each of the estimates in B may be biased; and 1s actually a weighted
gum of all the parameters in the true specification. The elements of P
can be thought of as coefficients that would be obtained from a regression
of the X (the excluded variables) on the X, the variables inecluded in the
estimated model (Griliches, 1957, pp. 9-10). The sign of P is used tc
evaluate the direction of bias in estimates invelving a specification
error.l

The implication is that the effect of the omission of a relevant
variable from an equation, for instance, would depend on the extent to
which the excluded variable is correlated with any of the included vari-
ables. If it is positively correlated, the estimated parameter of at
least one of the included variables will be biased upwards; and if nege-
tively correlated, the bias would be downwards, Griliches alsoc demon-
strates that disregerding quality differences between inputs has effects
similar to the cmission of a relevant variable. For example, he argues
that higher quality labor is usually positively associeted with capital
input and that the omission of the former will result in an overestimation
of the returns to capital and an underestimation of the returns to labor.
He suggests that this may explain why, so often, studies of production
functions have indicated unreasonable low returns to labor but very high
returns to capital.

Specification bias can be reduced by improving the specification of
a production function - care being taken to ensure that the model does

not overlook quality differences in inputs, and that relevant major

In practice P may not be known - except perhaps when one is correcting
for multicollinearity, for example. ‘
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variables are included prior to estimation., However, & common reason for
comuiting & specification error is the lack of knowledge as to the correct
specification aof the regression equation. In that case, one would wish to
be able to test whether or not an equation has been misspecified. Four
such tests have been developed by Ramsey (1969). The tests are based on
the assunption thut if the model ie correctly specified, the regression
disturbances will exhibit the expected properties of zero mean and constant
variance of the OLS model. However, if some specification error is com-
mitted, the conditions will no longer heold. One of the tests can be
illustrated.

Consider the general regression model
Y=Xg+e h-10
vhere B, is & column vector of parameters and all other varliaebles are as
previously defined for eguation (4-6)., Under correct specification
e ~ N(0, oeT) b2

but if the model was misspecified

e~ NAa'v, 3°1) 412

where A'V is the net contribution of the omitted variable(s) to the con-
ditional mean of the dependent variable (net, in the sense that one is
considering the effeet of the omitted varisbles given the regressors.)

Thus under the alternative hypothesis one may write e as
—— [] .
erAV+u k-13

where the vector u is normelly distributed with null measn vector.
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o test far specification error, e is regressed on A V and an F-test
performed on the estimated regression., However, V¥V is unknown. But it
can be approximated by a linear sum of the vector qj'
=a' i, (2) h-14

;(2)

= the vector formed from the squares of elements of the vecteor
of least-squares estimates of the dependent variable,

a'i = the ith row of the matrix A, which is derived from the sums
of squares and cross-ﬁroducts of all the independent variables (Theil,

1965, p. 1072). Thus, one considers the regression:

-—

By Ty Y 4y Qg Y .. . by 4.5
(i = l, 2; LI N""K)

where N is number of observations
K is number of wvarisbles {(in the original model)
u 1s assumed tc be normal with zero mean.
An F=-test on the joint significance of the a's is then applied.
. Under the null hypothesis that ideal conditions hold, the regression
coefficient estimators have zero expected values and the covariance

matrix of e, is 021 Under the alternative hypothesis that the mean

N-K*
— ¥
. yector of u is A V, one or more of the estimated coefficients will have

ponzero means, i.e. the multiple correlation coefficient is nonzero.

Section 3. Linear Programming Techniques

Linear Programming (LP) techniques can be applied to problems aimed
at optimizing a linear objective function given production activities and
available resource levels. The technique may be used to generate optimal

enterprise and resource combinations for s given production situation.
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Hovever, LP techniques do present some problems, especially when
applied to traditional agriculture. Some of these problems are partly
related to the basic assumptions of the model. For example, the objective
function usually used implies that profit maximization is the sole goal of
farmers. This may not be true for smell traditionsl farmers who would
8lso be interested in meeting food subsistence requirements.

However, there are methods which are used to incorporate multiple
objectives and farmer preferences in sn LY model. Tor instance, the
objective function can be replaced by a.weighted sum of the components

of & vector of valued producers’' goals, e.g.

P
Maximize Z(X) = I w

Z_(x) | k-19
K=1 K

K

vhere, Z{X) = the p-dimensional vector of objectives (Cohon and Marks,

1975).

Yk

obJectives.

> 0, for all k and is the weight attached to each of the

Another problem in the use of the LP model is the reliability of
generalizing from an LP sclution based on the activities and resources
of ‘representative’, ‘average' or 'synthetic' farms to the behaviour of
individual farmers. The argument is that farmers do not possess equal
anount of resources nor do they respond alike to changes in economic
gtimuli so that the estimate of an optimunm plan may not be applicable to
all farmers.

Day has defined some conditions which should indicate the extent to

which component firms should be elike in order for a single model to
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represent the aggregate of the individual decision problems, without
distortion (Day, 1963). The conditions include the following: that all
firms have identical matrices of input and output coefficlentsi that
firms have only proportional variations in net return expectatlons; and
that firms have only proportional variations in constraint vectors., Day
provides proof that firms satisfying ithe above conditions are more likely

to meet the condition in which

P k-20
n

n =

pros
n=1
where P* is the average marginal net revenue productivities of resources
in the set or group
Pn is the vector of the marginal net revenue prcductivities of
resources of individual firms

N is the number of firms.

In practice these conditions are hard to satisfy. Attempis to make
LP solutions based con a 'representative' or 'average' farm more applicable
to individwal farm planning have proceeded via the following steps. The
sample is first stratified by a factor or factors on the basis of their
importance or quality. Activities and constraints are then specified for
each strata, and-different LP models developed for esach class.

However, Day points out that behavioral phemnomna such as management
may leed to & considersble degree of proportional varistion that would
not exist on purely techniesl grounds. This would imply that such
va;iations cannct be captured by either cf the two approaches discussed

W

above.,
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One wey to explore how much distortion is caused by 'proportionality’
would be to perform parametric programming and ranging analysis on the
components of the constraints and net return vectors.

Finally, an important limitation of LP with respect to the objectives
of this study should be noted. Linear Programming is mainly a procedure
for providing normative solutions -- the course of action which ought to
be taken given the objective and constraints specified in the model.

This is in contrast to a positive approach which can explain "why producers
in fact provide a somewhat different pattern of production and resource

use"” (Heady and Candler, 1958, pp. 8-10).

Section 4. The Frontier Production Function

The earliest use of the frontier production function concept was by
Farrell, who applied it in measuring efficiency in U.S. Agriculture
(Farrell, 1957). Farrell rejected the conventional production function
approach on the ground that its results would represent only average levels
of efficiency. Instead he suggested a method which consisted of plotting
input per unit output observations as points in a space of a suitable
dimension. Farrell then estimates the frontier function by fitting an
envelope of the type shown in figure L-1l, to the scatter of points in the
input plane, Other firms can then be compared to those on the frontier.

Farrell's measure of efficiency consists of two components, technical
efficiency and price efficiency. He demonstrates that these measures are
not only different but also states that economic efficiency is really a
product of the two. Consider figure 4-2 and assume constant returns to
scale and a single output, two inputs situation. The production function

can be described by the isoquant SS',
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Let DD' be the price line, Q' is the optimum combination of inputs
xl and X2. However, for a firm not producing at Q' but at P, for example,
the ratio gg-mcasures the extent to which the same amount of output could
be produced with a smaller quantity of inputs. This is the measure of
technical efficiency. The ratio %% measures the fraction of cost for
vhich the cutput could be produced if the relative use of inputs were

altered, This is the measure of price efficiency. However, the "overall"

efficiency at P is given by

OR 09 _ OR
oqQ *oP oOP °
Farrell's work has not escaped some criticism, Aigner and Chu (1968)
point out that the method is not general enough, since the assumptions
imply that it is not possible to use it in estimating a preduction func-
tion which conforms to the law of variable proportions. Nerlove makes two
other criticisms. First, that Farrell's method does not permit comparison
of firms in an imperfectly competitive industry; and second, that the
measure neglects differences in the envirenment of the different firms.
The last point is "crucial to any definition of relative economic effi-
ciency. In general, some attempt must be made to standardize environment--
or else the measure will not only reflect differences in efficiency but
also the degree to which the environment of a particular firm is favorable
or unfavorable" (Nerlove, 1965, p. 90).
In a later work by Farrell and Fieldhouse, some methods are presented
for applying the Farrell method to conditions involving increasing returns
to scale. One of these consits of grouping observations according to out-

put and estimating the function for each output group (Farrell and
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Fieldhouse, 1962). HNerlove's criticism that Farrell's approach neglects
environmental differences between firms does not appear to be so crucial
either, since firms could also be grouped on locational basis prior to
estimation. This has been shown by Seitz (1970).%

Since Farrell's approach was published, a number of workers have
applied it or variants of it to various efficiency problems. Exanples
are work by Seitz on efficiency measures for steam-electric generating
plants, Aigner and Chu's study of the primary metals industry, Timmer's
efficiency measures in U.S. agriculture and Kelly's work in the New South
Wales' egg industry (Seitz, 1970; Aigner and Chu, 1968; Timmer, 1970;
Kelly, 1977). Consequently, the technique itself has undergone some
development, it terms of the estimation approaches used.

Two such approasches are discernible from the literature: Boles uses
& linear programming approach (Boles, 1966). The basic unit of observation
is a productive activity or firm in which a specified bundle of inputs has
produced some quantity of a single product. To estimate the technically
"efficient unit isoquant"”, each activity is standardized to yield one unit

of output so that the }th standardized activity PJ is given by:

PJ = [xij XEJ . s s . me]‘ h"gl

(1,2...m) = factors of production

xiJ = quantity of factor i used per unit prcduct and is given by:

X3 q 422

1
While this may be feasible for nonagricultural firms, it is not as easy
to completely correct for environmental differences in farm production
Climatic and soil factors could be highly locelized,
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vhere, Q, 1s the quantity of the single product and, xij is the total

J
quantity of factor, i, used in the production of the Jjth activity.

There are as many LP problems aAs there are activities or firms. And
the objective is to classify each of the n points elther as 100 percent
efficient or if less than a hundred percent, to compute a technical
efficiency index.

The Jth LP problem is,

L-23
Maximize 2y = VAP
AX{P h-‘2h
=d
X=>0
2 = value of the objective function

A constant coefficient matrix formed by the

n productive activities.

Y is an nxl vector of ones and the efficiency index is given by %f

Y
o]

where E; is the optimum value of the objective function. The sequence
of steps is as follows:

At the start of computations, a firm 1is selected that used the ninimunm
quantity of some factor in productlon. Its input factor levels are used es
the contralnts, and the simplex algorithm {5 used to obtain the optimum
soclution. Any firm in the optimum basis is classified as 100 percent
efficient, If the activity or firm whose resource levels vere used as
constraints is not on the basis, it is less than a 100 percent efficient
and its efficiency index is computed. The process of selecting an activity
or firm with the minimum level of some input &s constraints is repeated

until all aetivities or firms have been classified.
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There is at least one potential problem with Boles' approach. The
fact that the classification of firms 1s based on different right hand
gide values may give efficiency measures in favor of flrms with larger
levels of inputs,

A second approach is that developed by Aigner and Chu (1968).

Linear programuing methods are also employed. But in contrast to Boles'
approach, the same right hand side values are used to rank all firms.
Furthermeore, no initial sssumption is mede with respect toc scale effects,
This generality is achieved at the cost of specifying a functional form
Tor the hyperplane. As pointed out by Timmer, the c¢cst may be small if
the form assumed gives a good Tit nnd behaves mecording o economic logic
{Timmer, 1970, pp. 111).

To illustrate the method consider the Cobb-Douglas Production

Function:
m
YJ = f ai Xij + ey ho25
i=0
(Y and X in logs)
wvhere
YJ = logarithm of output of firm J, {j =1 . . . n)

X1 = logarithm of amount of input i used by firm § (j = 1, 2...m)

ai

H]

parameters to be estimated

eJ =logarithm of the random Qisturbance term

The frontier function is deflined as one in which the estimated parameters

-

a, satisfly

Lol XiJ =¥, »Y L-26

J J
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Where YJ = potential output.

Only technically efficient firms will have ;J = YJ‘ All other firms
will have an output less than their potential as indicated by the frontier
production function.

Timmer (1970) has presented a method of using linear programming to
solve the problem posed by (L-26),.

Timmer suggests minimizing the sum of the error terms implicit

in (L-26).

If it is assumed that all ey 2 0, equation (4b-26) can be written as:

m -
L a, X,, ~e, =Y L-27
=g L7377 3

Summing over all firms, say n, this becomes,

n n m " n
b e, = I Py a, X - L X
51 J 421 4=0 1743 §=1 J L-28
n
This can be solved for L eJ to give,
J4=1
n n n n 429
2 e,= 1 Z a,X,, - LY
=1 Y g=1 qm0 I 4y

For any particular data set the YJ'B are constant so that the sum cf the

error terms may be minimized by winimizing:

an =
I aX h-30
=1 t=0 1

alone. The double summation can be simplified by dividing by the number

of firms, n, so Lthat the objective function becomes:
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m =
Minimize f aixi =31
i=0
Where:
n
- 1
X, == L X
i n j=1 i)
Ko = one

The problem to be solved then becomes

Mininize uo + ulxl * i 8 oa ¥ amxm
Subject to:
+ +
uo * “1X11 + agle R amxml > Yl
+ - - . +
Y * “lxln °2x2n am mn 2 Yn
ai > 0

The right hand side values of the constraint are the actual output of
individual firms. The problem is essentially to solve for the optimal
levels of resource use. The activities in the basis will be in terms of
inputs. The shadow prices on the restriction in the basic solution repre-
sent the coefficients in the frontier function. And the index of technical

b §

efficiency is given by :J—-, wvhere YJ is the actual output of each producer

¥y
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and ;J is the potential output given the level of resources used by

each producer. The potential output obtainable for each firm is calcu-
lated by multiplying the resource levels of individual firms by the coeffi-
cient values in the frontier production function. Only technically

efficient firms will have YJ = IJ.

An objection common to all envelop approaches is that only marginal
data are used since the bulk of the firms do not enter the frontier
(Bressler, 1966, p. 130). To ensure that the frontier is not determined
by 'marginal' observations alone, a "chance - constrained frontier" may
be estimated (Aigner and Chu, 1962; Timmer, 1970). This implies that
equation (4-26) is translated from a deterministic inequality to a

probabilistic statement:

m -
P liio aixij 3.YJ]_1 p k-32

where P is an externally specified probability level with which the
equation is to hold.

To estimate the probabilistic frontier production function, the
deterministic model is first estimated. The most efficient firms obtained
from the programming model are then discarded, Thus the first (100-P)
percent of efficient firms are discarded until the specified level of P
is reached. An alternative is to correct for 'outliers' by discarding
efficient firms one at a time until estimated coefficients appear to

stabilize (Timmer, 1970, p. 115).
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Section 5. Relative Efficiency and the Profit Function

Leu and Yotopoulos have developed an alternative approach for mea-
suring efficiency. They use a profit function "rather than a production

function,” for the following reasons:

", . . the test of efficiency should meet at a minimum
three requirements. i) It should account for firms that
produce different quantities of output from a given set
of measured inputs of production, This is the component
of differencec in technical efficiency. 1i) It should
take into account that different firms succeed to varying
degrees in maximizing profits, i.e. in equating the value
of the marginal product ol each variable factor to its
price. This is the component of price efficiency. 1ii)
The test should also take into account that firms operate
at different sets of market prices." (Yotopoules, 1972,
pp. 11-12)

The Lau and Yotopoulos model consists of a single profit equation and
a series of equations expressing the derived demand function for each
variable input. The profit eguation expresses profit level as a function
of variable input prices and fixed input quantities (Lau and Yotopoulos,

1971 and 1972).

Consider a firm with a production function

Y = F(Xl. . 5 W zn) h~33

1

where
Y = output

X ...Xm = variable inputs

1

Zl...zn = fixed inputs
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Profit, defined as "current revenue less current total variable

' can be written as:1

costs,’
m
= -4 V. - ' -

i P{F(xi....xm. Zl....zn)] i ef Xy L-3Y4
where:

N = profit

P = unit price of output
c; = unit price of the ith variable input.

The "Unit-output-FPrice" Profit is given by dividing (4%-34) by the
price of output.
m

B=PX ««X 32%..02)= I eX
1} Xm, 4§ n =1 i

; 4-35

To derive & profit function, equation (4-33) is solved for the

optimal quantities of variable inputs x;'s. This is expressed as a func-

tion of the normalized prices of the variable inputs, ¢, and of the
quantities of fixed inputs

'--

i

fi(c, Z),i=1,..m L-36

where ¢, the normalized price is defined as

P 4-37

: This is really a definition of gross margin and not profit. But it

will be referred to as profit after the proponents of the model (Lau
and Yotopoules, 1971).
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with all terms es previously defined.

By substituting {k-36)} into (4-3Lk) the profit function is obtained:

»
m

m »
) Zl......Zn) - i c.X 4.38

- L]
N = P[F(Xl A I i]

This gives the maximized value of the profit for each set of values
[ I AR A
p 3 ci....cm L] l--. ln -

Since the terms in square brackets in (Ii-38) are essentially a func-

tion of ¢ and 2, it can be rewritten as

2 ...zn) 4-39

»
= pG (cl...cm 3

i

hence the profit function is given as:

L ,
n=g s G (cl...cm, zl....zn) i-ho

The input demand functions are given by differentiating

{L-L0) with respect to the normalized price

X* - gn‘ (Q,Z)

&
¢y

R

Since the demand equation are cobtained directly from the profit function
without working through the production function, explanatory variables are
"truly' exogencous and the problem of simultaneocus equation bias can be
avoided., Hence OLS can be used in estimating the Lau-~Yotopoulos model,

In using the model for efflciency analysis, it is either specified for
different groups of firms or for individual firms. Firm or group specifilc

technical efficiency parameters may then be introduced to allow for neutral
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differences in production function, e.g. environmental factors, managerial
ability, etc. Third, allocative efficiency is incorporated by introducing
firm or group specific and varieble input specific parameters which are
maltiplied by the normalized price of each Input.

Thus the production function for each group of firms may be given by

Z ) ' h-h2

Y =AF(X1 - -'xm; zloouoco n

and the profit function by

*

n o= AG*(klcl/A QPPPINE W7 S AN 2 hoy3

1° n
where A's are technical efficiency parameters

k's are pricing efficiency parameters.

Lau and Yotopoulos contend that the analysls may proceed in terms of
the profit model without the necessity of estimating the underlying func-
tion if the firms are profit maximizers and price takers,

There have been at least three applications of the profit function
as developed by Lau and Yotopoulos: a) the authors applied it to farm
level data from India to determine whether or not there is any difference
in the relative efficiency among small and large farms (Lau and Yotopoulos,
1872); b) O'Connor and Hammonds have used it in their study of efficiency
in the U.S. meat retail systems (O'Connor and Hammonds, 1976); and c¢)
Trosper has employed the proceedure to determine the relative ranching
efficiency of Northern Cheyenne Indian ranchers and their ‘American’

neighbors (Trosper, 1978).

1

HETEEE T
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Section 6. Approaches Fmployed in This Study

In the chapters that follow production function analysis and the
Aigner and Chu, and Timmer approach are employed to study production
efficiency on traditional farms in northern Nigeria.

Production functions are used for at least two reasons: first they
are useful in identitying the extent to which total output can be imputed
to the specified factors of production, thereby meeting one of the study
obJectives, Second, production function analysis provides the information
needed in determining marginal factor productivity and allocative effi-
ciency in resource utilization.

The approach developed by Aigner and Chu (1968) and later extended
by Timmer (1970) is preferred to others, for the analysis of technical
efficiency, for a number of reasons: &) Farrell's technique of con-
structing a unit isoquant is useful and relatively easy to work with in
a two factor situation. But in a six or seven factor case, as in the
sample employed in this study it can be very cumbersome as a means of
exanining efficiency of resource use. b) In the approach proposed by
Boles, it was noted that the number of L.P. problems solved is exactly
equal to the number of firms. There are 340 farm firms involved in this
study. Thus to use Boles' method, up to 340 L.P. problems would have to
be solved before all firms are classified by the efficiency measure!

This would be very costly and time consuming. ¢) The profit function as
developed by Lau and Yotopoulos requires that firm specific prices of
variable inputs be explicitly specified. Such data are not available in

this instance.
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Finally, the fact that a functional form is specified for the
hyperplane in the Aigner - Chu - Timmer model, makes it possible to
compare results obtained with those of the average production function
of the same form. Such a2 comparison can give an initial indication of

factors that contribute to efficiency differentials.



CHAPTER 5

DETERMINANTS OF FARM PRODUCTIVITY--A
PRODUCTION FUNCTION ANALYSIS

In Chapter three, the utilization of farm resources as well as
factors related to output per man were examined and compared for the
three areas, Zaria, Scokoto and Bauchi. This chapter has three major
objectives: 1) to determine the relative importance of factors which
affect total output; 2) to make an interarea comparison of marginal
value productivities at the mean level of resource use; 3) to assess the
extent to which farmers on the average alloceted resources in order to
arrive at the equality of marginal value productivity to marginal factor
cost.

The organization of this chapter is as follows: the first section
discusses the classification of variables and alternative specification
of the model used in the analysis. In the second section the choice of
the algebraic or functional form of the production function is considered.
Section 3 presents the repression estimates arising from the models, In
Section L, results are summarized from an examination of the sample data
with respect to the fulfillment or violation of some Ordinary Least Squares
assumptions. In the final Section, an analysis of the main results is
presented - the emphasis is on resource productivity and allocative

efficiency.

104
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Section 1. Classification of Variables

On the basis of the analysis reported in chapter three and previous
studies in the north of Nigeria (Norman, 1972; Matlon, 1977) the following
variables are considered relevant in the production function analysis:
gross value of output, land, labor, fertilizer and seed. Each of these
variables is described below.

Adjusted gross value of crop output is the dependent variable.
Ideally, the dependent variable in a production function analysis should
be in physical units. However, the practice of intercropping, prevalent
in the study region, necessitates the use of some common basis in aggre-
gating the output from the mixture of crops grown. Hence physical units
of crop output are multiplied by the respective average product prices
and aggregated to obtain the gross value of output. To permit meaningful
interarea comparison uniform crop prodgct prices were used for all
three areas.l

The area actually cultivated is considered a better measure of land
input than total farm size. The latter includes both cultivated and
fallowed land. But total cultivated land does not capture differences in
land quality. It can be shown that omission of the quality of resources
can bias estimated coefficients in production function analysis (Griliches,
1957). Data on soil properties are not available. Hence, to reduce the
effect of a land quality bias, two land variables are defined and included
in the model: cultivated lowland area, and cultivated upland area. As

was indicated in Section 2 of Chapter 3, lowland areas have a higher water

1 For details regarding this adjustment see Section 3 of Chapter 3.
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table and can be used to raise two crops in a year (in contrast to one
crop in upland areas). Both variables are measured in acres.

Labor is measured in man-deys. Two labor variables are specified:
hired labor and family lasbtor, Family labor is in man-day equivalents and
thus includes older children, female and male adult family labor.l Despite
the use of hired and family labor (rather than total labor) the above
specification ignocres an important aspect of labor use: the influence of
the type of farm operation performed by labor. Examples are the use of
labor for land preparation, weeding and harvesting. Second, the variables
family and hired labor do not tell anything about the timeliness of labor
use. Data on these variables are, however, not available,

Two fertilizer variables are specified: organic and inorganic. Since
very little inorganic fertilizer was used by farmers in the areas, an
elternative specification of the variables is to use an aggregate of the
two. DBut such an aggregation would imply that the two inputs are perfect
substitutes, i.e., equivalent in quality. It is true that organic fertil-
izer can be used in place of inorganic fertilizer., However, the substi-
tutability ratio is not known and is not likely to be on a 1:1 basis.
Organic fertilizer is measured in physical units--tons; while inorganic
fertilizer is in value terms. Specifying the latter in value terms is

Ld

not likely to create a'significant bias for one reason: At the time of
the survey fertilizer was sold to farmers at uniform prices in all three
arcas.

The seed variable is based on an imputed cost of planted seed and

cuttings. An imputed value is used because planted seeds were obtained

Detailed on equivalent ratios are presented in Chapter 3.
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from the quantity saved from the previous year's harvest. The seed
variable serves as a proxy for planting density. In this respect, it is
hypothesized that the estimated elasticlty of the seed varlable could be
positive or nepgative. Work by Andrews on sorghums shows that low planting
densities may lead to low yields because local varieties moy not make g
complete canopy at flowering time (implying an inefficient use of sunlight).
On the other hand very high densities increase the risk.of inducing nmois-
ture stress towards the end of the season~-which might result in crop
failure (Andrews, 1976, p. 55).

In view of the above classification of variables, the general form

of the production function specified for each ares is

e Y={%, ... Xz e) 51

where

Y = adjusted gross value of crop output {in 0.1 naira)

X, = total cultivated lowland area (in acres)

el
i

o = total cultivated upland area {(in acres)
13 = hired labor {in man-days)
X), = family labor (in men-day equivalents)
¥, = quantity of organic fertilirer (in tons)
Xg = inorgzanic fertilizer {(in 0.1 naira)
Xq = planted seced and cuttings (imputed cost in 0.1 naira)

e = disturbance term.

Alternative Specificaticns
. E

In Chapters 2, and 3 the use of appropriate man-equivalent ratios to

convert child and female labor was discussed. Where no consistent
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aggregate index exists for family labor any equivalent ratic used can
lead to error in the estimated labor coefficient,

One may also question the validity of specifying a single hired labor
varisble. Hired labor consistu of three classes of labor: kwadago, hired
lavor paid for on an hourly basis; Jinga, contracted labor paid for on a
piece-rate basis; and gayys, voluntary communal labor which involves no
formal woges, but some food and drinks are usually offered to the employee.

In order to assess if quality differencesl exist in these different
classes of labor, alternative specifications are examined in which family
and hired lehor are disaggregated. Models which include dummy variables

for villeges and cattle ownership also are considered.

Section 2. Choice of Functional Form

The usual guides to the selection of an appropriate algebriac form
in production function enalysis include: a) the consistency of the chosen
function with the objectives of the investigation 1Y) knowledge of the
relationships thaet exist between variables and <) & considerstion of
existing theories of the science involved, (Heady and Dillon, p. 102-107).
Economic theory with respect to rescurce gllocatlon in traditional
agricuiture indicates that there are "comparatively few significant in-
efficiencies in the allocation of factors of production” (Schultz, 1964,
p. 37). Previous work in the study regions seem to support this theory
(Norman, 1972), The theory aasumes perfect competition and implies that

Tarmers are operating in the second stage of the neoclessical production

i Such differences may show up through varying contributions to total

output..
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function--a stage characterized by positive but declining marginal
productivity of inputs.

Given the focus of this chapter (specified in its introduction),
the search for an appropriate functional form reduces to identifying a
function which not only facilitates the realization of the objective of
the analysis bul also exhibits declining and positive marginal productiv-
ity of resources. Functional forms that satisfy the above conditions
include: the quadratic, square root, Cobb-Douglas and the transcendental.

A basic objection to the use of the quadratic and square root
functions in productivity analysis is the large number of coefficients
that nhave to be estimated. In a two regressor model for example these
two forms require the estimation of five parameters (i.e., two each for
the linear and square root/square terms and an interaction term). The
large number of estimated coefficients results in a loss in degrees of
freedor. And for the quadratic form, the coefficients may not be signif-
icant "in a probability sense" (Heady and Dillon, p. 98).

The transcendental function exhibits increasing, decreasing and
negative marginal returns, either singularly, in pairs or all three
simultaneously (Halter, et. al, 1957, p. 966). To estimate the trans-
cendental function for a given assumption with respect to marginal pro-
ductivity, certain restrictions must be imposed on the model, Besides,
solutions can only be obtained by iterative procedures. In addition, to
these complex estimating procedures the number of coefficients estimated
in a transcendental function is twice the number of regressors (assuming
a log transformation of the function). Thus for this function there is
also a loss in the degrees of freedom--though to a less extent compared

to the quadratic and square root functions.
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The Cobb-Douglas preduction function, besides permitting the phenon-
enon of decreasing and positive marginal productivity {without additional
complex computations), has other advantages: a) estimated coefficients
are the elasticities of production--percentage change in output from a
one percent change in sn input b) marginal productivity of resources can
be easily computed and <¢) it provides a direct test of economic ration-
ality since it mceounts for only the second stage of thé production
function.
| A common criticism of the Cobb-Douélas production function is its
assumption of constant elasticities of production. (Ulveling and Fletcher,
1970}. This criticism may be valid vhere production technologies differ
within a sample of fsrmers siﬁce production elasticities can be expected
to vary for different levels of technology. In the three samples used
in this study there is a uniform level of technology (i.e., traditional).
In any case, knowledge of elasticities over different parts of the func-
tion 1e not an oblective of this chapter. |

In view of the above considerations the Cobb-Douglas production

function is employed in the analysis that follows.

Section 3. Estimating Equation and Results

The variables specified in Section 1 are incorporated in a Cobb-
Douglas preduction funetion to yield the following equation:
o B} Main Model:

In¥J = a, + By InXp, + BylnX,, + BodnXy, + -
+ e}

ﬂhlﬂqu + B5lnX + Bﬁlnxﬁj + BTlnX

2J 1)

vhere all variables are as previously delined in equation (5-1), -

(s)

g are parameters to be estimated, e is the disturbance term andq‘)
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is the intercept.
Equations were estimated separately for Zaria, Sckoto and Bauchi.
However, in the Bauchi sample no farmer used inorganie fertilizer, hence,

X6, is omitted far all Bauchl estinates.

Results of Main Model

Table %=1 presents the estimated coefficients and thelr t-values for

the main model.l

The ﬁe, the coefficient of multiple determination sdjusted for
degrees of freedom indicates that, for the Zaria sample, T8 percent of
the variance in total output is associated with the factors of preduction
specified in the model. The RY is lowest in Bauchi {.68).

The regression coefficients ure the elasticities of production for
the individusl feetors: thus in Zaria for example, & 10% increase in
upland ares is asscciated with a 3.6% increase in the gross value of
output. All factors have positive elasticities smalier than one, imply-
ing dininishing but positive marginal retwrns. A summary of other
results follows:

a} The elasticity of cultivated lowland is significant at the .05
level in Zaria and Bauchi. Although the coefficient is not significant

in Sokote, it is larger than its standard error.

k

i Freund and Debertin have shown that t-tests cannot be used on more

thaen one veriable in an equation or on more than one equation for a
certain variable -- on the grounds that the probeobility of erronecus
rejection refers only to any one significance test. (Freund and
Debertin, 1975). The use of the test and Lhe terminologies related
to statistical significance in the presentation of results is by
convenience. The limitations of the test is recognized.
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b} In 81l three areas elasticities asre highest for cultivated
upland and family lebor=--both of which are significant at .Ql level. The
relatively lower elasticities for land in Sokoto may be a reflection of
lower fertility levels,

c¢) Hired labor consistently has lower production elasticities rela-
tive to family lebor. This is probably due to the lower amount of hired
labor used {i.e. relative to family labor). The elasticities of hired
labor are all statistically significant: except in Bauchi where the coeffi-
cient alse has the lowest value.

d) The two fertilizer variables have relatively low elasticities.

In Zaria, however, the coefficient of organic fertilizer was significant
at the .01 level. The low levels of inorganic fertilizer used, and the

low nutrient content of organic fertilizer may have contribufed to thelr
observed low elasticities.

e) The coefficients of the seed/cuttings variable--a proxy for
planting density is high and significant for Zaria and Sokoteo at the .01
level. Possible explanstions for the high values are: 1) potential
measurement error in imputing costs and 2) high correlation of the variable
with cultivated land area. With respect to the former, cotton-seed, a major
input in Zaria, for example, was not costed since it was issued free to
farmers by the government., It is also possible that the coefficient re-
flects the appropriate contribution of the seed/cuttings varisble to total
output.

f) For ull areas the sum of the elasticities 1s close to one, i.e.
0.956, 1.009 and 0.988 for Zaria, Sokcto and Bauchi respectively., This

jimplies constant returns to scale in all areass., Thus a given percentage
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increase in all inputs will result in an equal percentage incresse iﬂ
output.,

To determine the relative importance of the different factors in
contributing to total output, beta coefficient (g*) are computed for
repressors in the main model.l The beta coefficients and thelr ranks (in
order of magnitude) are given in Table 5-2. The table shows cultivated
lowland area, seed/cuttings, and family labor (in thaf order) to be the
most Important contributors to total cutput in the Zaris semple. In
Sokoto, hired labor replaces family labor in the above ordering of
variables; while in Bauchi, ecultivated lowland, cultivated upland and

family labor have the highest ranks.

Alternative Specifications

Tables S5-3 through 5-5 present estimated coefficients and their
t-values for the four alternative specifications.

In general the results demonstrate the stability of the main model.
This is evident in the wvalues of the coefficient of multiple determination
and the standard error of estimate. In addition, estimated coefficients
{except in one instence) are reasonably consistent with the results of the

main modal.

a*i
iagy
{Beta coefficient)

*
Bi B

where

B; = estimated coefficient and

xi
variables respectively. {Goldberger pp. 197-19B).

g,. and Oy are standard deviation of the independent and dependent
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A more specific examination of selected parameters follow:

a) In all areas the hypothesis of zerc parameter for the female adult
labor variable is not relected. The elasticity of children labor is
statistically sipgnificant only for the Bauchi sample., In Zaria and Sokoto,
the contribution of male adult labor is greatest. The results confirm the
validity of using some conversion factor less than one in expressing
female and child labor in man equivalents.

. b} There are inter-area differences in the relative contribution of
different sources of non-family laber., In Zaria, only hourly paid

lebor has a significant elasticity (significant at the 0.05 level}., In
Bauchi and Sokoto, however, the coefficient is not significant. In
Sokoto, contrect labor has & higher e¢lasticity than cther forms of hired
labor. -

It may be noted that disagpregating hired labor in the Bauchi sample

. produces what appears to be results superior to those obtalned from using

- the main model. For example, vhile the elasticity for hired labor

" (aggregated) is 0.01% for the main model, it is 0.105 for contract labor

| in the alternative model. Thus aggregating the hired labor variable
appears fo have masked the effect of contract labor.

¢) With the inclusion of intercept shifting village dummies, the
parameter of the least remote village has a negative sign in Sokoto and
Buachi. This would imply a lower intercept for nearby villages than for

other villages. The hypothesis of equal intercepts for three villages in
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each Ares was tested.l The hypothesis was rejected only for Sokoto.

This indicates that differences between Sokoto villages are statistically'

significant. The value of the intercept for the Sokoto village was cal-
culated and found to be 3.758 for the most remote village, 4.04T for the
intermediate and 3.521 for the lemsst remote village.

d) The use of a dummy variable to allow for a shift in the intercept
for cattle ownership showed no appreciable affects on estimated coeffi-
¢ients for any of the three samples. However the hypothesis of equal
intercept for cattle owners and non-cattle owners was relected in two of

the ureas , Zaria &nd Bauchi.2

1
Thig is an F-test (Ben-David mnd Tomek, 1965). The relevant
F-statistlc is given by:
. _ SSEH - SShA . zg
(Vl ,VE) SL’EA Vl
where
SSEM = Sunm of squared residuals for estimated main model
SSEA # Sum of squared residuals for the alternative model
?1 = Degrees ¢f freedom of main model minus degrees of
freedom of alternative model.
V2 = Degrees of freedom of alternative model.
2

The main model will be used in subsequent aenalysis for one major
reason: except for the Bauchi sample, estimated coefficients are
similar to those obtained for the main model.
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Seetion 4. Analysis of Multicollineurity and Heteroscedacticity

Econometric theory suggesis that the vicletion of basic OLS assump-
tions may lead to lack of significance of estimated coefficients and
produce inefficient results., These problems could arise if: a) there is
a high degree of multicollinearity among regressors and b) if regression
residuals do not have common variances {heteroscedasticity). These two
issues were examined with respect to the main model (Appendices 2 and 1),

With regards to multleollinearity: i) the simple correlation matrix
Indicates multicollinesrity is not a serious problem in all three samples.
ii) an alternative analysis based on an application of Klein's rule, con-
firms the non-geverity of multicollinearity only for the Zaria sample;
and shows the seed/eutting varisble to contribute most to multicollin-
earity in the Sokoto and Bauchi swmples. iii) an adjustment for multi-
collinearity involving the omission of the seed/cutting variable from the
estimated equation for the two areas produced results,  inferior to those
obtained with the originai mode1.2

Hence, subsequent analysis will be besed on the original model

without adjusting for multicollinearity.

Because the results arising from the examination are not employed
in subsequent analysis, they are only summarized in this section.

The omission of the seed cutting variable is merely exploratory.
This variable was earlier shown to be one of the most important
explanatery factors in the model. Thus the deletion of the
variable has no practical justification.
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With respect to the analysis of the regression residuals, the
following conclusions are drawn:

i) A plot of residusls for all three samples indicates that none
of the residuals lie three or more standard deviations from the mean
{Appendix 3).1

ii) The null hypothesis of equal village residual variances was
rejected only for Zaria,

iii) A correction for heteroscedasticity based on an application of
Welghted Least Squares, gave results with negative elasticities for cul-
tivated lowland and organic fertilizer. Negative elasticitles appear
meaningless since it is not logical that production would decline if
either of these factors are increased.2

Hence, the model adjusted for heteroscedasticlty is not used In

subsequent analysis.

Section 5. Estimates of Marginal Value Products

In this secticn estimated coefficients mostly based on the main
regression (Table 5-1) are employed in the calculations of marginal value

productivity (MVP) at the geometric mean of resourse use.3 The section

1 This is strictly a test for outliers. The presence of cutliers is usu-

ally regarded as a potential contributor to unequal residual varlances
{Draper and Smith, 1967).

2 The high level of sensitivity of some variables 1o the adjustment made

is shown 1o be related to the lack of variebility within the sample for
the factors concerned (Appendix 3).

vhere 8. = estimated coefficient; Y ond X, are geometric mean of the
dependent and independent variables respectively.
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also includes discussions on: a) tests of interarea differences in
marginal value prodicutivites and V) equality of marginal value pro-

duetivity with marginal factor cost.

Marginal Yalue Productivity

Caleculated MVP's for resources are presented in Table 5-6. The
teble indicates that marginal value productivities are all positive.
Except for total family labor differences between regioﬁs are evident.
Factor specific ohservations can be made.

) Land: An acre of cultivated lowland has a marginal productivity
four times that of an acre cof cuwltivated upland in Zaria. In Sokoto the
retio of marginal productivity of lowland relative to upland is slightly
over ten. The higher productivity of lowland area is expected. Lowland
area has 2 higher soil water table and while two crops cen be raised in
such farm land in a year, only cne crop can be raised on upland farms,
The MVP for cultivated lowland in Bauchi sppear unreasonably high. A
bias in the estimated coefficlent or perhaps some measurement error is
probably responsible for the high MVP.l

The marginal value productivity for upland area is highest in
Buuchi 92.1 shillin552 which is about equal to the value estimated for

the Zaria sample 90,6 shillings. However, both of these MVP's are more

This may also be due to the low level of the inputs used., The very
high MVYPF for orgonie fertilizer in Bauchl may be due to similar
influences.

One shilling is equivalent to 0,1 Naira - the current Nigerian
currency.



124

TABLE 5-6. MARGINAL VALUE PRODUCTIVITIES OF RESQURCES:
ESTIMATESE FOR ZARIA, SOKOTO AHD BAUCHI

Marginal Value Products (Shillings by Areas)®

Resources Zaria Sokoto Bauchi
Cultivated Lowland 34,8 Los.0 2268.9°
{Acre)

Cultivated Upland 9Q.6 39.8 92.1
(Acre)
Hired Labor 8.4 15.9 2.9
(Man Days)
Family Labor 1.1 1.5 1.4
(Man Days)
Organic Fertilizer h1.2 1.5 BMB.Sb
{Tons)

. ] b
Inorganic Fertilizer 1408.9 3226.6 —
{Cost in 0.1 naira)
Seed and Cuttings 3.5 8.6 1.1

{Cost in 0.1 naira)

a Shillings were the origiral units of measurement. One shilling is
equivelent to 10 koko or 0.1 Naira, the current unit of Higerian
currency.

b

These values appear unrelisbly high and will not be used in
subsequent analysia.
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than twice the corresponding estimate for the Sokotc sample. The low
MVP for upland area in Sokocto appear to be a combined effect of its drier
climatic and poorer soil conditions.l Table 5-T shows that on the average,
rainfall-evaporation deficits is highest for Sokoto. And Norman's de-
seription of upland soils in Sokoto peint clearly at their low fertility:

"Upland soils on the other hand are derived from deeply

weathered parent material of very low fertility. Those

suited to wet season agriculture nay be dJdescribed in

general {terms as very permeable, brown and orenge loose

sands, with & small proportion of silt and clay."
{(Rorman, 1976, p. 2).

b) Labor: Table 5-6 indicates that the MVP of famliy is generally
lower than the VD of hired labor.

There are at least three reasons why low MVP of famlly 1abo; Can Qccur
on the same farms with e high MVP for hired labor:

i1} 1t is possible that the welghting scheme used in aggregating the
various components of family labor resulted in a downward bias in
estimated marginal productivity. Although the equivalent ratios used in
converting female and child labor to man-days should have reduced such a
bias, it may not have completely removed it. In any case quallity dif-

ferences in hired labor are likely to be less sericus than in family labor.

1 In general, calculated MVP's, except where ctherwise indicated, appear
reascnable. Norman's work in Zaria show MVP's of 95 and 383 shillings
for gone and fadema respectively (Norman, 1972). And Lunning's
earlier work in Sokocto indicates MVP of 1.62 shillings for labor

{Lunning, 1967},
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TABLE 5-7. RAINFALL - EVAPORATION DEFIcCITS?

ALL STUDY AREAS

Mean Annual Mesn Annual

Rainfall Bvaporation Deficit
Region {ins) (inse) (ins)
Zaria 43,0 Th .6 30.7
Sokoto 26.6 65.8 36.2
Bauchi b3.b 5T.6 4.2

These are mean values over & number of years. Ralnfall data specific
to survey year are not avallable,

SQURCE: Kowal, J.M, and D.T. Knabe, Apgroclimatological Atlas of 4the
Northern States of Hiperia. Zaria Nigeria Ahmadu Bello
University Press (1972).
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1i) It can be argued that unlike hired labor, Tamily labor is
.actually a "Joint input” to crop production and other houschold non~farm
ectivities {Brown and Salkin, 19T4}. The implication is that the MVP for
family labor on family farms mey not reflect the demand of non~farm house-
hold responsibilities on farmers. It is conceivable that the mental and
physical pressures of such responsibilities can result in a low family
lebor productivity. While it is not denied that hired labor may have
similar responsibilities, the presence of a reward in form of wage offers
an incentive, absent in the case of famil& labor.

1ii) Another potential reason is that hired labor is only hired in

erucial situations where and when the marginal returns are likely %to be
high. This 1s in contrast to famiiy labor which is more like a fixed
factor.

The relatively low VP for labor in the Bauchi sample may be partly
a reflection of the smaller quantity of farm capital per worker observed
in the Bauchi data (Table 5-8). The table indicates that the inventory
value of durable capital as well as farm cash expenses per worker in
Bauchi were about half the values in the other two areas.

¢} Fertilizer: The relatively low marginal productivity for organic
fertilizer in Sokoto may be partly due tc the low seil meisture {discussed
with respect to the land variable)} and which could hinder the uptake of
fertilizer by crop plants.

: j
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TABRLE 5-8. FARM CAPITAL PER WORKER (AREAS)

Inventory Value Farm Cash
Family Size in of Durable Capitel Expenses
Region Man-Equivalents per man {In Naira) per man {N)
Zeria = e 0.2h 0.51
Sokoto 3.5 0.23 0.h5
Bauchi 3.6 0.12 0.23
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Tests of Sipnilficance of Tuter-Arcu Differences in Marginal

Value Productivities

The objective in this subsection is to determine which inter-area
differences in marginal value preductivites are significant. The under-~
lying question is whether resources could be transferred from one area
to another, thereby increasing the returns to the resources concerned.

To compare the MVP of resourse X; in area sa, with the MVP of the
same resource in area b, for example, the foliowing proceedure is
Tollowed:

1) The coefficient B' for resource Xi in area b necessary to eguate
its marginal value productivity with the value obtained for area a, is

computad from the relationship:

B!b:sa,iaf;b_
Yb Xa
where
éa = estimated coefficient in Region n
Y ond X = geometric mean of output Y and input X, respectively.

2) A t-test is then employed to determine if B'b is significantly
different from Eb, the actual elasticity for area, b.

The results arising from the tests are presented in Table 5-9.

The figures presented in Table 5-9 are the coefficients necessary
to equalize the MVP's for the given factors of production in the region
in the left margin with the MVP's of the same resource in the region at
the top of the right hand columns. TFor cultivated lowland, for example,
an elasticity of 0.063 would have been necessary to equate the MVP of

cultivated lowland in Zaria with the MVP of the same resource in Sokoto.



TABLE 5-9Q.

INTER-AREA CQMPARISON OF DIFFERENCES IN MVE'S:
ELASTICITIES NECESSARY TO EQUATE MVP QF A RESQURCE IN ONE
AREA TO THE MVP OF SAME RESOURCE IN ANOTHER AREA

130

Resources and Areas
for Which Test Made

Needed Coefficients and Thelr t-test Ratios

{in Brackets)

Zaria Sokoto Bauchi

Lowland:

Zaria - . 0.063 (0.39)° —

Sokoto 0.032 (0.24) - -

Bauchi - - -
Upland:

Jaria — 0.158 (2.98) 0.367 {0.09)%

Sokoto 0.4k52 (2.92) -— 0.4%9 (3,00)

Bauchi 0.522 (0.11)*  0.225 (3.65) -
Hired Labor:

Zaris - 0.065 (2.82) 0.012 {2.00)

Sokoto 0.408 (22.33) — 0.013 {L.00)

Beauchi 0.0k0 (2.17) 0.077 (5.25) -
Family Labor:

Zaria - . 0.319 (1.055)*  0.315 (1.00)%

Sokoto 0.193 (0.75) - 0.215 {(0.05)2

Beuchi 0.273 (0.82)2 0.360 (0.05)% -—
Family Male
Adult Labor:

Zaria - o 0.207 (0.14)% 0.040 (2.21)

Sokoto 0.1%1 (0.,13) — 0.028 (2.26)

Bauchi 0.196 (2.8L) 0.206 (3.02) ——
Seed/Cuttings:

Zaria - 0.525 (5.4%9) 0,069 (2.51)

Sakoto 0.166 (2.51) -— 0.055 (3.64)

Bauchi 0.116 {(1.18)% 0.286 (3.76) —

Organic Fertilizer:

Zaria
Sockoto
Bauchi

0.19% (3.89)

0.001 (3.00)

-

Difference not significant at

.05 level
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On the other hand, the elasticity of cultivated lowland in Sokoto would
have to be reduced from 0.03% to 0.032 to equate the MVP of cultivated
lowland in Sokoto to what it is in Zaria.

The table shows that it is only for family labor and cultivated low-
land that observed inter-area differences in MVP's are not significant.
The results suggest that farm resources such as hired labor, seed and
fertilizer could be reallocated geographically with consequent gains

in farm productivity.

Equality of Marpinal Value Productivity and Marginal Factor Costs

The analysis discussed in this subsecticn is restricted to those
variables for which estimates of marginal factor costs are available --
land and labor. The objective here is to determine the extent to which
farmers on the average allocated resources in order to arrive at the
equality of their MVP's to their marginal factor costs (M‘FC).1

Table 5-10 presents the ratio of MVP's to MFC's fof cultivated
upland and labor. The average wage rate for hired labor was used to
value family labor. Family male adult labor is included in the analysis
(and valued at the same wage rate for hired labar) since the bulk of
family labor used consisted of male adult labor (Chapter 3). Both land
rents end wage rates are based on Norman (1972); YNorman et al., (1976);

Norman and Prycr, (1978). Although there was no direct cash

It is recognized that in traditional agriculture, the goal of
security and food self-sufficiency may be more important than
that of profitability implied in allocative efficiency. 1In
view of this, deviations from allocative efficlency may be
regarded as the penalty farmers have to pay to achieve their
security goal.
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TABLE 5=-10. RATIO OF MARGINAL YALUE PRODUCTIVITY TO
MARGINAL FACTOR COST™: SELECTED FACTORS

Ratios by Regpions

Factors1 Zaria Sokoto Bauchi
Cultivated &.h7 3.62 9.21
Upland '

Total Hired 3.73 10.58 2.12
Labor

Total Family 0.51 1.01 1.03
Lavor

Family Mele 0.h7 0.7 0.16
Adult Labor

a
The MFC values used are:

Z2aria Sokoto Bauchi
Land 1.0 11.0 10,0
{nere)
Labor 2.2k 1.50 1.36
(man day)

{in shillings)
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transactions for land, rent was in the form of bundles of millet snd
sorghum., 7The grain from exchanged bundles was valued and divided by the
average field size to arrive at the value for rent.

The ratios presented in Table 5-10 show some inter-area differences:
For example, the MVP for upland is at leest nine times its rental wvelue
for Bauchi. The corresponding statistics for Sokocto and Zaria are 3.6 and
6.5 respectively. The ordering of the ratios for the three areas with
respect to hired labor is the reverse: highest for Sckoto 10.6 and lowest
for Bauchi, 2.1.

Theoretically an MVP/MFC ratio of 1.0 is accepted as evidence of
allocative efficiency. On the other hand, a ratio greater than 1.0 im-
plies too little and inefficient use of a resource, while a ratic less
than 1.0 sugprest excessive use and inefficient use of resources. Thus
the results imply that on the average, st least for Sokoto and Bauchi,
family labor was slleocated efficiently in farm production.

There are at least three possible explenations for the high MVP
of hired labor relative to its wage rate,

a) Imperfect knowledge on the part of farmers as to the contri-
bution of hired labor to Tarm output--resulting in the use of leas than
adequate amount of labor even if it were possible to hire more labor,

b) ILack of alternative employment alternatives for labor which
would make farmers monopsony buyers of labor so that wage rates are
driven below their narket price for labor.

c¢) A shortage of labor available for hiring at the times needed
but existent social contraints such as kinship ties, and the traditional

law of reeiprocity in farm help, contribute in keeping veage rates down.
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From the original data and what is known of the regions, the third
Iexplanution is more plausible since it is in agreement with the phenomena
of labor shortages experienced by farmers at certain times of the farm
year, and the practice of gayya—-or communal lsber in all three regiouns.

The low MWVP/MUFC ratio for family labor may be s reflection of the
use of a higher opportunity cost, for family labor, than is actually
appropriate, This raises a basic question with respect to the valﬁation
of farm femily labor: Is it valid to value farm family labor at the
ongolng wage rate? This question is outside the scope of this section's
discussions, However, it is concelvable that the true opportunity cost
of marginal family labor is less than the ruling wage rate, This obser=-
vation is especially true in & situation where some family members are
not free to enter the labor market (e.g. the practice of auren kulle,
the seclusion of wives common among Heusa Muslims, who constitute the

bulk of the sample of farmers participating in this studyl.l

Deviation From Allocstive Efficiency

Calculated MVP/MFC ratios can provide further information. Since
the equality of MVP and MFC provide a measure of allocative efficiency,

tne extent to which the MVP of a resource Xi should be chenged to arrive

at its equality with MFC is provided by:2
ax, = bx,
i i _ 100
exg = | ax; ) 100 = (1 - 1/r)

1 As mentioned in the previous subsection, & contributing factor to
the relatively low MVP of femily labor is that it is treated as a
Tixed input.

e

Based on Shapiro, 1977.
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vhere
ex, ¥ the absolute value of the regquired percentage change in
MVP of resource Xi.
ax, = MVP of Xi
bxi = MFC of Xi

r = axi/bxi

Table 5-11 presents computed values for CX; - The results show, for
example, that in Zaria, farmers on the average should have reallocated
upland area so as to change its MVP by 85 percent to achieve allocative
efficiency.

The results suggest that there sre appreciable deviationg from
allocative efficiency with respect to land and labor in the study regicns.
This is at variance with conclusions of most studies on traditional agri-
culture (Schultz. 1964; Schata, 1968)., Yowever, the conventional test
for allocative efficiency involves the use of a t-test to examine the
null hypothesis of equality of MVP with MFC, But, the t-test provides
the probability of error only for finding that MVP is different from MFC
and cannot provide information on the probability of = type II error such
as accepting s null hypothesis of MVP = MFC when the hypothesis is false

{Shapire, 1977, p. 92).1

1 A Canadian study shows that apparent inequality between MVP's and MFC's

may within broad limits have little effect upon total profits, so that
an effort to bring about equality may not be as remunerative as it
superficially eppears (Trifon, 1961).

It was not possible to examine this issue in this case, Trifon
employed profit functions which require individual observations on
input and output prices. These are not available for the sample
used in this study.
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PERCENTAGE CHANGE REQUIRED IN MARGINAL VALUE

PRODUCTIVITY TO EQUATE 1T TO MARGINAL FACTOR
COST (SELECTED FACTORS)

Percentagesa By Regions

Resources Zaria Sokoto Bauchi
Cultivated 85 T3 89
Upland
Total Hired 13 91 53
Labor
Total Family 26 1 3
Labor
Family Male 113 35 525
Adult Labor

5 Percentages are rounded to nearest whole number
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Swmary

The main Tindings of this chapter are as follows:

a} The major factors contributing to total farm output are culti-
vated upland farm area, planted seed/cuttings, and labor.

b) Multicollinearity was not a serious problem. But the OLS
assunption of homoscedasticity appears to have been violated for the
Zaria villages due especially to the high residual varisnces of Dan
Manhawzayi. But the reestimated model gave illogical results.

¢} Observed inter-aree Aifferences in marginal resource produc-
tivity {baring those for family labor and lowland ares} were found to be
signigicant, suggesting that pgains could be achieved by shifting farm
resources between areas.

d) Calculations of needed adjustments in MVP's to equate it with
MFC's for land and labor showed appreciable deviations frou resource
allocative efficiency.

In conclusion, there is gt least one limitation in the above
analysis—as in any average production function approach. While it gives
insight into the issue of productivity and resource allocative efficiency
on the averare, it does not reflect the efficiency of resource use by

individual farmers. This will be the subject of the next chapter.



CHAPTER 6

POTENTIAL VERSUS ACTUAL OUTPUT - A FRONTIER

PRODUCTION FUNCTION ANALYSIS

An important conventional wisdom with respect to traditional agricul-
ture ig that farmers operating within zuch systems are highly efficlent
glven the resources and technology available to them {Schultz, 1964;
Welsch, 1965; Sahota, 1968; Norman, 1970). The acceptance of this view-
point by most national goveranments of third world countries has led to
farm policies with a high emphasis on capital investments e.g. tractor-
ization, improved varletles of seed, miners)l fertilizers snd the intro-
duction oflfarm prectices, some of which are alien to the farmers
concerned (e.g. sole rather than intercropping). The high proportion of
failure of agricultural programs, especially in tropical Africa (Lele,
1975}, would suggest that a potential alternative would be to build upen
farmers' thaditional techniques.l’2 1f farmers obtain the best output
possible with aveilable resources, then past policies may be valid,
Hovever, if some farmers perform better than others with the same
resources and technology, there may be scope for inereasing cutput without

major investments -- at least in the short run.

There are some success stories e.g., Uboma in eastern Wigeris. However,
such programs are exceptions, and extension contacts far beyond those
generally available to producers are usually involved.

The suggested alternative is baged on the fact that farmers continue to

use a number of traditional prectices in spite of years of extension
advice to the contrary.

138
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Causes of Inefficiencies

There are at least three reasons why firms may produce below their
potential:

1. The effects of random elements in the production process, e.g.,

drought, disease outbreak, etc.

2. Presence of allocative ipnefficiecncies -- an inability on the part
of producers to choose optimu: combinations of inputs consistent
with relative factor prices.

3. Existence of ftechnical inefficisncies -- an inability to produce
the 'best' level of output with available resources and given
technology level. Technical isefficiencies may be related to
X-inefficiency, i.e., inefficiency resulting from motivational
and non-market conditions which prevent producers from working
hard enough, performing operations early enough, or from search-
ing adequately for appropriate output increasing information
(Leivenstein, 1966).

Parts of Chapter 5 dealt with allccative efficiency. The primary
goal of tQ}s chapter is to generate firm specific technical efficiency
indices and to employ computed indices in identifying gaps between actual
and potential output. The hypotheses to be examined can be stated as
follows: there are technical inefficicicies in traditional agriculture
and that such inefficiencies can give r :» to a considermble gap between
ectual and potential output.

The organization of this chapter ‘s as follows: Section 1 summarizes
alternative approaches used to measure Lechnical efficiency. In the
second section, the model employed in the analysis 1s presented. ©Section

3 presents estimated coefficients of the rontier production function with
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r
a discussion of their sensitivities. Factors that characterize outlier
dbsefvations are also examined., In sectien }, individual farmer efficiency-
indices are computed. Included is an inter-area comparison of the distri-
bution of computed indices. Section & deals with the relationships between
efficiency and level of resource utilization. In section 6, the relation-
ships between estimated efficiency scores and other performance measures -—-
specifically output per family man equivalent and averageICOSt cf production
~~ are examined, In the last section, technlcel efficiency indices are
used to estimate potential losses in gross value of output from ineffi-

clencies for least efficient, intermediate and top performers,

Section 1. Alternative Measures of Technical Ef‘ficiency1

Several spproaches have been used to measure technical efficiency.
These are the unit isoquant approach (Farrell, 1957)}; the programming
approach in output-input space {Aligner and Chu, 1968); a chance constrained
frontier production function approach (Timmer, 1970); and the experimental
or "engineering" approach (Herdt and Mendac, 1978).

Farrell's approach operates in s factor-factor space and assumes that
the efficYent production function can be represented by a unif igoguant,
The isoquant (which is the frontier} is a locus of points which indicates
the minimum quantities of resources recuired to produce opne unit of output
vith varying input proportions. Technical efficiency is measured by com-
paring a firm's inputs' ratio with those on the frontier.

The Algner and Chu programming approach employs linear or guadratic
progranmming technigues to obtain & frontler production function by mini-

mizing the sum of deviations of an "average” production funetion subject

: These approaches are only summarized here., A fuller discussion is
given in Chapter L,
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to the.constraint that all deviations :wre of one sign.

The chance constrained or probahllistic frontier production function
apprdach is reelly an extension of the faigner and Chu's approach. However,
they differ in that while the earlier approach is determiniatic, in the
Timmer approach, the sensitivity of estimated coefficlents to the influence
of pétential cutliers is taken into account.

In the Herdt and Mandac approach, Trontier coefficiente are developed
by fitting a quadratic regression equntioq to data gathered from experiments
conducted on farrmers' flelds., Technical efficiency is judged hy comparing
sctual farmers' cutput tc output cbtained by researchers on fields adjacent

to the farmers. The researcherg' output level is assumed to lie on the

y«'t“"’.f,. o
- om

fronﬁiér.l \
A major difficulty with Farrell's mpproach is that it is not genersl
" enough: "Many types of production cannnt be characterized within his
models. For exsmple, it is not possible to estimate with hils method, a
production funection which conforme to tie Law of Variable Proportions.”
(Algner and Chu, 1968, pp. 830-831). Tre ceriticism is appropriate since
ina theor%tical sense isoquants are cssumed convex to the origin - thus
eliminating the portion of the functior over which output decreases with

increeses in factor utilization {(Seisz, -. 510)2

1 This paper was brought to my attentiov by Rendolph Barker, Cornell

University.

2 Seltz, however, argues that this resztriction may not be severe since

this area of the function may not be the relevant range,



142

The Aigner and Chu's spproach, like all envelope approaches, has at
least one shortcoming: Only marginal dnta are used since the bulk of the
firms do not enter the frontier (Bressler, 19G6).

The experimental or engineering approach 1s not a feasible approsch
for this study. The type of experimental data required by the methodology
are not available.

The determipnistic and chance contreined frontier precduction function
approaches are used in the analysis thut follows. The approaches are more
general than Farrell's. As indicated ir éhapter T, Farrell's technique of
constructing & unit jisoquant may be relatively easy to work with in a two
factor situation. But in a six or seven input case, as in the sample
enmployed in this study it can bé very cumbersome as s means of examining
production performance. Furthermcre, the chance constrained funetion
reduces the problem of random errors in the data set since a non-deter-
ministic approach is employed. This permits a glven per?entage of obser-
vations to lie outside the frontier surface, Lastly, the frontier function

is based on an attainable standard and represents the best use of avallable

resources ﬁy the farmers themselves.

Section 2. The lodel

The frontier function operates in total output-input space. A
functional form for the hyperplane is first specified. In this case the
Cobb-Douglas producticn function is selected. The Cobb-Douglas 1s chosen

for two reasons:

1. Its use gave reasonably pood and logleal results in the
average production function apalysia of Chapter 5.
2. Tts use in this chapter will permit direct comparison with

the results of that chapter.
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Assumptions
An important assumption in the use of the approach is that technical

efficiency is subsumed within the disturbance term of the chozen function,
Hepce the linear programming oblective function is the sum of the dis-
turbances. It is furtiher assumed that:
1. Disturbances are all of the smze sign so that sll observed
points in the production space iie on or below tﬁe frontier.i
2. GSpecificetion errors as well v errors of measurement in all
variables are negligible.
*hg model is developed a3 follows.

The Model®

oo

Conaider the Cobb—Doﬁglas’?roductinn Ffunetion.

n
Y, =-2

{Y and X in logs) ... (D)
J i=¢

et
1}

logarithm of the output of flrm J

ol
It

logarithm of the level of inpuc 1 used by firm J

L.

parameters 1.e. elasticity of inputs

-
logerithm of the random error tewm

bﬁ
o

To make this a frontier function:
Error terms are constrained to one side of the estimated production
surface, Thus (1) 1s estimated such that:

n -

I o, X = § > Y
gmo 1+ 4 d = {2)

1 This assumption holds true only for the deterministic frontier functicn

and not for the probabilistic functicn,
e This model was surmarized eerlier in (‘hapter 4, In this chapter
operational deteils are included.
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-

vhere, YJ = potential output and YJ = actual output.

If it is assumed that ey > o, (2) is revritten as:

m .
I B TRk Rl
Summing over all J's:
n m . n n
mooam T 0 TR
and
n n m n

I e,* I I oX, - LY
121 =1 gm0 M 4

!J's are constant for any sample. This is because for any data set,

-~

o n
the vector of ci's that minimizes Jil eJ for a value of EIJ will minimize

it for any vector of YJ's -= including zero. Hence the term mﬁy be
dropped with no consequence.
Hence
n n m .

I e~ I I a X
=1 Y g1 4=

Dividing by n, gives

n n FE

L . v £ a, X

=1 g= 1
Where
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The problem then is to minimize

n n " ~

- I e subject to L a, L,, >Y.,a, >0
t J o » i
b 9 mo  PTUWITI %
! T !
or
n
Min z = I a, X
i=o 1 _ :
ﬁ; = column of ones (intercept)
8-t
m ~
120 oy xi.j > Y
(J = 1' 2 [} n)
Lot
. A n'-,.'l;‘
@ >0

Expanded fcrm:

~ - — A

I-linz=o‘.oxo + g. X +u2J{2+...+a Xm

11 ©
s+t
%W ¥ ¥y e tXy 2y
%Xon Yo Tip Yo Xpy Yoot Xp 2l
L] - [ »
v » » L]
O ] [ ] » »
a, xon + @ xln + a, X2 MEETE Xﬁn E-Yn
@y 20

m = number of factors © n = number of ohservations
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Points of Departure

Four points of departure from a conventional Linear Progremming model

should be ncted:

1. The objective functicn minimizes the mean resource levels used
for th~ production of given levels of output rather than the
usuel minimization of cost or the maximization of profit.

2. The matrix cf constraints is given by individuai farm
observetions of lnputs in contrast to the Inpuyt-cutput coeffi=-
¢ients of the conventional LP model.

3. The level of the constraintas, i.e., "the right hand side values"
i8 represented by individual ferm output levels.

h., Activities in the basis will be the coefficients, i.e., -- with
ag being the intefcept of the frontier production function and

al“.... C the elasticities of {he respective factors.i

Bﬁt in the primal form (as presented above) the number of constraints

ie equal to the number of observations and is greater than the number of
activities (i.e., number of factors). Hence it may be more efficient and
easier to sqQlve the dual of the problem {Agrawal and Heady, 1972, p. Th).

Tpe.dual problem may be written thus:

n

Max 2 = L v, Y
. P I

{J =1 .....mn)

st I w,X,, <X

(t =0, 1 ...m)

M

1 Strictly speaking the intercept is given by the anti-log of a,.
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In an expanded fdrm:

Ma; Z= wl Yl + va Ya 4 L.+ wn Yn

A

iot

i

v X <
n on - "o

ia
|

+ v

td

_; 1Myt Yot T Ty SN
: . . <¥

i Vyxay Y Vo Xgp Feee bW X IX,
i . .

. W Xy Vo Xpe etV X, 2%
! . v < o [T

o § =

gi - wd v "shadow prices" i.e., the

- eiasticities.

In the dual form, the following observetions may be made:

o
v

1. The objective function maximizes the level of output produced
| frog given levels of inputs. (ihcre are as many activities
as there are observations.)
E.I The matrix of restrictions iz z2iven by the individual
'} firm obsexrvations of factors of rioduction as specified 1n the
starting preduction function.
3.. The levels of the constraints, 1.e., the right hand side values
k are represented by the mean leve!s of resource use.
b, The "shadow prices" in the LP output provides the required Ji‘s
of the primal, {i.e., the elasticities of factors in the

!.
| frontier function.
P -
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A Chance Constrained Function

The procedure ss presented sbove estimates the frontler coefficients
using the entire sample. However, it i3 possible that firms may be effi.
cient by chence (i.e., because of error of observations or some other
problems). Chance constrained programming admits random data variations
and permits constraint violation up to specified probability limits
{Charnes and Cooper, 1963). The method may therefore, 'be. viewed as an
attempt to eliminate random cases frou the estimated frontier function.

To derive a chance constrained froatier from the duml of the problem,
the constraint of the wodel is replaced by & probabilistic stetement.

Instead of the deterministlc inequality the constraint statement becomes
PolZ wX,<X]>P

where P is a specified probability level with which the equation is to
hold. The frontier function is deterministic when P = 100 and probabi-~-
listic when P < 100,

The following procedure is used in obtaining the probabilistic

frontier coefficients: First, the deterministic frontier production
function is estimated. BSecond, the mast efficient firms are discarded
in stages until estimated coefficients appear to have stabilized.

In the dual form the obJective function and restriction become:

Max 2 = Iw, Y

J 73
(3 =1 ..., n-p)
't
n-p
I ow, X, > X,/(a)
RO ¥ i

o«
L =9
v
o
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Where p is the number of observations indicated by the constrained
level P and (e) implies that the mea: resource levels are adjusted

accordingly.

Section 3. Estimated Frontler Production Function Coefficients

Tables 6-~1 through 6~3 present cutimated frontier coefficients. The
¢olunns labelled Frontier 100 are the rapults arising from fitting the
deterministic function; while Frontivrs 98, 96, and 95 are results cobtained
from removing the top 2,4, and Y percent technically efficient farmers
respectively, i.e., the chance constrained functiona. The area's estimated
average production function coefficients from Chapter 5 mre reproduced in
the last column of each table for eid of comparison. The last frontler
function reported for each aféa represaits the P level at which the function
appears fo have stebilized,

Results for the Zaria Sample, Tatle 6-~1, indicate the following:

1. Cultivated lowland and inorganic fertilizer are not in

N sclution for the Frontier 1C0 eatimates, This could mean

either cof two things: thet {ermers on the frontier did not
L]

-

use any appreciable amount of these resources or that they
used too much of the resources relative to the constraint
level so that excess capacity gives rise to zerc "shadow
prices -- elasticities.l
2. With just two percent of the ohservations removed the estimated
coefficients change remarkably. All factors are in soluticn,

and estimated coefficients show large differences.

: A more detailed examination will be undartaken for the Sokoto resuits.
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. 3. Frontier 96 results show thai the coeffieicnts of at least
P three variables, seed, organis and inorganic fertilizer are
| alnost identieal to those of the same variables in the
previcus frontier estimates.

-é L. A comparison of the relatively stable frontier {Frontier 96)
and the average production fusetion results show the major
differences between the two to be: +the higher intercept and
larger upland coefficlent for the frontier function. The
results suggest that an incresge in the upland area would
lpncrease total output by a hijher amount for farmers on the
frontier than it would for Zuria farmers on the average.

For example, while a 10 percu:at increase in upland area
~would result in a 5.4 percen: increase in output for farmers
on the frontier, the correspunding increase for farmers on

the average is 3.6 percent.

The following observations are nede from the Sokoto results

(Table 6-2):

1 d. Ehe absence of both upland and the lowland varisbles in

,53 Frontier 98 estimates is rather puzzling., A closer exam-

ination of the resource endcwments of farmers defining the
frontier indicated that while the constraint capacity was
set &t 6,3 and 0.12 acres for upland and lowland area
respectively, farmers on the {rontier had on the average
11.68 and 0.24 acres of the riscurces. With respect to
‘farmers on Frontier 100 none ¢f them used inorganic fer-

tilizer. These confirm the nleusibility of the explanation
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offered earlier in this secticn, i.e., it 18 concelvable
that non-use of resources or extess capacity with respect

to farmers on the frontier gives rise to zero elasticities,
The coefficients appear to have stebilized at Frontier 95.1
The intercept, and all varianles {except organic fertilizer)
have estimated values very similar to the ccefficients for
the last frontier function,

A comparison of the stable or 95 percent probabilistic
frontier to the average production function shows the inter-
cept for the Trontier to be lower {1.16 versus 3.79). This
suggests that at low levelg of resource use predicted output
would be lower for the more efficient producers. However,
:he elasticity of most of the fzetors are higher for the
frontier than the corresponding elasticities of the average

function.

Estimated frontier production function coefficients for Bauchi

{Table 6-3) indicates that:

1.

2.

Prontier 100 coefficients do uot include family lahor --
implying excess capacity on the part of farmers on the
Trontier.

With two percent of the top performers removed there is a

25 percent decline in the value of the intercept; family

1 The same estimates obteined for the Frontier 95 function were obtained

for P

= 94, Hence Frontier 95 resuits are reported.
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:offerei earlier in this section, l.e., 1t is conceivable
that non-use of resources or sxonss capacity with respect
to farmers on the frontier glves rise tc zero elasticities.
2. The coefficlients appear to have stabilized at Frontier 95.1
The intercept, and all variables except organic fertilizer)
have estimated values very similur to the coeffleients for

;i ©  the last frontier function.

m

3. A comparison of the stable or 95 percént probabilistic

: frontier to the average productisn funetion ghows the inter-
cept for the frontier to be lower {1.16 versus 3.79). Thia
suggests that et low levels of reuource use predicted output
would be lower for the more effirisnt producers, However,
theﬁelasticity of most of the faplors are higher for the
frontier than the corresponding elssticities of the average
function.

Estimated frontier production functiorn caefficients for Bauchil

. (Table 6-3)} indicates that:

T

1. Fron{ier 100 coefficlents do net include family labor ~-
implying excess capacity on the part of farmers on the
frontier.

2. With two percent of the top perforuers removed there is a

P 25 percent decline in the value of the intercept; family

1 The same estimates ohtained for the Frontier 95 function were obtained

for P = 94, Hence Frontier $5 results ares reported.
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i offered earlier in this section, i.e., it 18 conceivable
i_that non-use of resources or excees capacity with respect
; te farmers on the frontier glves rise to zero elasticities,

The coefficients appear to have stebilized at Frontier 95.1

1%

The intercept, and all variables {uxcept organic fertilizer)
have estimated values very simil.r to the coefficients for
the last frontier function.

3. A comperison of the stable or & pnrceﬁt probablilistic
frontier to the average productlon function shows the inter-
cept for the frontier to be lower (1.16 versus 3.79). This
suggests that at low levels of resource yse predicted output

~ would be lower for ¢he.ﬁbfe efficient producers. However,
the“elasticity of most of the faclors are higher for the
frontier than the corresponding elesticities of the average
~ function.
Estimated frontier production functicn ccefficients for Bauchi
(Table 6~3) indicates that:

1. Frontler 100 coefficients do not ‘nclude family labor --
implying excess capacity on the part of farmers on the
frontier.

2. With two percent of the top perforsers removed there is =

25 percent decline in the value of the intercept; family

1 The same estimates gbtained for the Frontier 95 functicon were obtained
for P = 9, Hence Frontler 95 results sre reported.
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labor 1s in sclution; but cultivuited lowland is excluded.l
3. At Frontier 96, estimated coefficlents including the inter-
cept do not differ greatly from r»suits for the previous
frontier.
A comparjson of average production function coefficlients and Frontier
96 estihates shows the major differences i¢ be in the higher intercept,
as wellia; a higher coefficient for hired lebor and seed for the frontler

function. The aversge productlon functici, however, has a family labor

; coefficient almoat twice that of the same variable in the frontier function,

In summary, high producticon elasticitiy for upland area constitute
the major difference between estimated frontier and average production
fupctions in Zarie. In Bauchi the sources »f differences are in the

higher front%pr elasticities for seed and hired labor. In Sokoto, howvever,

. higher elasticities for the frontier func-lon were observed in all but two

i dnputs, seed and inorganic fertiljzer.

- The value of the intercepts would impiy that at low levels of input

by

usage, predicted output would be higher ivr the more efficlent farmers
»

~in Zaria and Bauchi. In Sokoto, however, the lower constant term for

the frontier function relative te the averrse function implies a lower

predicted output value at low level of factor usage.

1 The exclusion from solution of those variables for which farmers
that determine the frontier have excess capacity or do not use
apprecliable amounts of specific inputs may not necessarily be a
disadvantage of the approach. At least it onsures that the
coefficients that are eventually used to determine efficiency
indices are basea on resources vwhose levels are generally within
the reach of farmers on the average.
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Range Analysis

The stability of Lineer programming solucetions 13 usually examined
by parametizing the resocurce levels on the right hand side of the con-
straint matrix, However, the approach used in this analysis requireg
that the mean level of resources be us:d as right hand side values.
Thus, changing the constraint levels will not be consistent with the
methodology.

The atability of the stable frontier ls assessed by analyzing the
range of the mean resource levels before » Easis change would occur,
Table 6-4 indicates the percentage reduction or increase in the mean
resource level hefore a change in the estimated frontler coefficients
would occur. In Zaria and Bau;hi, for example, estimated coefficlents
are most sensitive to eh;hg;s.in family labor, seed and upland veriables.
In Zaria for instance, only & 1.2 percent reduction or & 3.9 péréent
increase in the smount of family labor would change estimated Frontier
96 coefficients.

The Sckotn coefficients would be least sensitive to changes in the
level of family labor. An increase or decrease of up to 30 percent in

specified levels would be necessary befvre chenges occur.

Resource Use and Performance of Outliers Relative to Other Observations

The rationale for excluding the first (100-P) percent of efficient
firms until the resulting estimated cowificients appear to have stabilized
is the possibility that "these firms muy be efficient because of errors of
observations or other problems" (Timmer, 1970, p. 115). It is, however,
possible that extreme observations are not the product of deste errors but

actually reflect truly efficient firms. In that case one would be losing

1
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some otherwise valuable information which can result in a blas in the
estimated frontier funcition. There are no statistical tests for iden-
tifying genuine outliers in frontier fucntion analysis. However, it is
useful to examine the factors that characterize excluded observations.
In this sub-section the mean level of resource use and performaence of
outliers relative to other observations are examined (Tables 6-5a to
6-5¢c).

i} There is no consistent pattern in resource utilization by
outliers relative to other observations, VFor example in Zaria, the
outliers had the highest lowland acreagez (2-3 times the area for other
farmers) and used the least smount of hired lebor and orgaenic fertilizer
(in both cases less than half Qf ihe amounts used by the entire original
sample). {P Sokoto and Bauchi, however, outliers had the least lowland
and upland areas. Furthermore, while outliers in Sokoto used the lowest
quantity of hired labor {about one third of the entire mean sample
value) the use of hired labor by outlier ohbservations in Bauchl is sbout
equal to the average for the area.

1i) Datn relating to farmers on the 3table frontier for Sckoteo
{Table 6-5b) indicate that the low intercept for the Sokoto frontier
function (Table 6~2) may be partly related to low levels of resource
endowvments {(e.g. land). |
iii) Three performance measures, net farm inéome per family man
equivalent, gross margin per acre and totsl cost of production per nairs
output are also presented in Tables 6-5a to 6-5¢, |
In Zaria and Bauchl outliers performed better than other observations

vith respect to all three measures. In Sokoto, however, outliers had the
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lowest return to labor. Farmers on the stable frontier also have lower
return to labor than the mean value for the entire sample. However, the
gross pargin is highest for farmers on the stable frontier.

It is difficult to drav generalizations glven the inter-area differ-
ences in the above results, One observation can, however, be made:
Farmers that constitute outliers appesar to have used relatively lerge or
small smounts of inputs.{e.g. 1.88 acres orf lowland in Za?ia and 0.26 acres ‘
in Sokoto, sa compared to 0.72 and 0.91 acres of iowland for Zaria and Sckoto

respectively for farmers on the average). It is possible that such wide

differences are a result of measurement => data errors.

Section 4. Regional Efficlency Differentials

The primary reason for estimating frontier production function
coerficientf is t0 have a common basis for correcting for the differential
use of factors of production. A technicanl efficiency index can then be
computed for individual firms. This is done by dividing the firm's actual
output by 1ts potential output. The potential output is obtained by
rultiplying the firms resource levels by the corresponding estimated
frontier fuﬁ&tion coefficients and summing over the number of resources

in the optimal solution.

m -
=YJ'

a, X
150 %5 1)

and

= TEI ({Technical Efficiency Index)

hH rL-K
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i

wvhere ;'
a, = intercept
ay (i1 ... m) = estimated coefficients

xij = logarithm of the amount of inpusa

-~

Yd = potential output of firm )

YJ » ac£ual output of firm J
N i |
Thus the index 1Is a reflection of hew sach firm employs the inputs

available to it relative to the best practice in the sample. |

g The frequency distribution of efficivncy indices are presented in

| ;able G6-6. Two sets of efficiency indices were generated -~ one based on

estimated Frontier 100 coefficients and tre secOnd_on the stable probabi-

i . L
listic Frontler coefficients. The following pattern may be noted:

*

J. Efficiency scores based on the deterministic frontier tend
| to be lower than those based on ike probabilistic frontier.
2. Without correcting for outliers - ¥ distribution of effi-
ciency indices have very digsimilar distribution patterns
(Fiétre 6-1}.
3. The Sokoto sample appears most alfected by outliers, for
instance while a third or 33 perceat of the farmers have
' efficiency scores at least 20 percent away from the deter-
ministic frontier, only U4 percent of the farmers are in
that efficiency class for the prohatilistic frontier {after

repoving the first 5 top performern),

1 R
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4. With respect to the probabilistic frontier efficiency distribution,

the following observations are c rident:

a. In any area between 9 and 17.€ percent of farmers had
efficiency scores at leat 17 percent away from the
frontier.

b. The least technically efficient farmer in Zaria is 25
percent away from the efficieat function. The corre-
sponding statistic for Sokoto and Bauchi are 20 and 23
percent respectively.

¢. On the average, efficiency scores vere at least 8 per-
cent away from the frontier for all areas.

One of the 1ntereating\usp¥cta of the results of this section is the
similarity {E the samples' distribution of the stable frontier efficiency
indices (Figure 6-2). The coefficient of variation of the indices is
virtually the same for all three samples. This may be an indication of
the possible generality of such efficiency differentials among farmers

in other areas (i.e., those with similar cygricultural conditions).

Section 5. T;chnical Efficiency and Leve. of Resource Use

In technologically more advenced agrfculture, it is usually argued
that better managers tend to use more of -5t inputs and that the scale
of operation of the production process is one of the sources of factor
productivity and technical change (Timmer, 1970, p. 419; Nadiri, 1970,
p. 1k1). In this subsection, the extent tc which the level of resource
use differ for the different technical efficiency classes is examined.

Table 6-% through 6-9 present the mean levels of various factors

of production applied per unit farm area by techmical efficiency class.
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It 1s observed tuoat:

a} In Zaria and Bauchi, both upland snd lowland area tend to be
positively related to efficiency. However, except for lowland area in
Zaris where observed differences are significant {at 5% level) other
differences are non-significant.

b} 1In Sokoto, cultivated upland show a negative but weak corre-
lation with efficiency. | |

Furthermore, more techniecally efficlent farmers tend to use more
labor.

Mbéﬁlof the inorganic fertilizer used in the Sokoto sample is that
used by the most technlcally efficlent clasu.,

¢) In Zaria and Sokoto\tﬁe_tables fndicate significant differences

between efficiency categories in variable cost per acre.

Sensitivity of Predicted Qutput to Farm Size

In this subsection the extent to which the shape of the "stable”
frontier and average production function is affected by increasing farm
size is briefly examined. Predicted output levels are plotted against
varying leveléﬂof ypland area with all cther factors held constant at
the mean levels of resource use., If the frontier function is highly
related to farm size the shapes of the function would appear as illus-
trated in Figure 6-3. If this hypothesis is correct, it meantc that the
more efflcient producers invariably have larger ecresges., Thus, land
reform programs or inheritance laws which result in subdivision of
farm land ameng cultivators may not achieve the dual gosls of equity

and efficiency.
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FIGURE 6.3. HYPOTHETICAL SHAPE OF FRONTIER
RELATIVE TO AVERAGE FUNCTION IF
FRONTIER FUNCTION GREATLY
INFLUENCED BY FARM SIZE

Qutput

Frontier

» Lond
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Figures 6-4 through 6-6 show the plotted functions. The graphs con-
firm that the frontier function is further away in space than the average
production function. Furthermore, the frontier function tends to fan away
from the average function -- implying thet farm size is associated with
efficiency. This is consistent with the result of the previous section
vith respect to resource utilization. For example, Table 6-6a indicates
that vhile least efficient farmers have total cultivated upland area of
two acres in Zaria, farmers on the frontier have upland farm size of
almost seven ac:.es, It should be noted, however, that other factors
other than farm size are also important contributors to technical effi-

ciency (Table 6a to Table 6c and Chapter T)

Section 6. Relationships Between Technical Efficiency and Other

Performance Measures

-
In his article on X-efficiency, Leibenstein discusses possible inter-
pretations for observed inefficiencies: "Inputs may have a fixed speci-
fication but yield a variable performance ... depending on the exact

nature of their employment."™ Another interpretation offered by Leibenstein

is the effects of the "residual in economic growth analysis." One of the
vays the residual manifests itself is "through cost reduction in the pro-
duction of existing commodities without inventions or innovations"
(Leibenstein, 1966).

In this subsection the relationship between computed technical effi-
ciency indices and two commonly used farm management performance measures,
output per man and average cost is ascertained. It is recognized that not
all the ditf;rences in average cost and labor productivity are attrib-

utable to differences in technical efficiency. However, a positive
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relationship between computed technical efficliency indices and other farm
performance measures would be reassuring it least with respect to the
efficacy of the methodology, as well as ipdicate the potentiel sources

of lnefficiencies,

Table 6-10 indicates for all areas rintistically sigﬁificaﬂt differ-
ences betveen output per man for the different efficiency clusses. In
Zaria for example, while the least technically efficient farmers have
output per man of #11.1%, the top performing ¢less haz cutput per man
alumost five times as high. In sl asreas, obuerved differences ure
significant et the 1 percent level.

The relationship between total costl of production per naira output
; and technical efficiency scores {except for the lowest class in Zeris with
-] relaxively.}ow average cost) also indicete slgnificant differences be-
; tveen efficiency classes -- especially for Bauchi (Table 6-11). In that
uréﬁ, while average cost is .60 naira per noire of crop output for the
E lowest technically efficient farmers it is only .14 neira for top
; perforners.

l Figure 6&7 is based on the Dauchl repulis; and indicates clearly a
declining average cost but lnereasing outprec per man as technical

efficiency increases.2

_l Includes cash and imputed cost of factors,

N _
“ The great differences between performance measures given the relatively
little differences in efficiency indices are rether puzzling. A
possible explanation is that more efficient farmers may have given
rore emphasis to higher valued crops (Chapter 7).
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TABLE 6-10. RELATIONSHIP BETWEEN TECHNICAL EFFICIENCY
AND OUTPUT PER MAN

Output per Family Man Equivalent (Nairm)

Technical Effliciency

Class (Stable Coefficients) Zaria Sokoto Bauchi
Lowest through 0.799 = 1 11.15 - 11,33
0.800 - 0.8kg =2 17.79 29.55 12.30
0.850 - 0,899 =3 25.65 b5.02 19.69
0.900 - 0.949 =} T 33.39 | 45.69 31.36
0.950 - 1.000 =5 U7 siae 65.50 42.36

-

Analysis of Variance

F-Statistie 8.992 h,734 9.419

Degrees of Freedom {4,214) (3,91 ) (4,106)
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TABLE 6-~11. RELATIONSHIP BETWEEN TECHNICAL EFFICIENCY
AND TOTAL COST OF PRODUCLION PER BAIRA OUTPUT

Total Cost Per Naira of Output (Naira)

Technicsl Efficiency Class

{Based on Stable Coefficlents) Zarlia Sokoto Bauchi
E LOlrest L l 001!‘ - 0-60
2 0.22 0.18 0,31
. 3 ' L 0.23 0.16 0.15

. LS y .f!ﬂ-"_::- .
b SEAT 0.2 0.1k 0.15
Highest = 5 0.18 0.1% . 0.14

L ]

"Analysis of Variance

P-Statistic 8.992 h.734 9.419

g Degreea of Freedom (h,11k) (3,91) (4,106)
. i .
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The results of this section imply that in general more efficient
farmers achieve their levels of output wiih relatively low levels of
labor input and at a lower total cost than less efficient farmers. The
close relationship between cutput per man and computed technical effi-
ciency indices also implies that results of the preliminary analysis of
Chapter 3 based on output per man classification may not be very far
from what obtains if an overall efficiency index a&s developed in this

chapter were used as the classification criteria.

Section 7. Estimated Losses from Technicel Inefficiency

Theoretically, a farmer's actual output given his input levels and
technology level would be equal to his potential output if he operates on
the frontier production function. The distcibution of efficiency indices
in Section h.}ndicates that in any of the  lree samples, less than 10
percent of the farmers are on the efficieat frontier -- implying that a
ln.r.gs proportion of farmers have output lo.cls below their potential.

In this section the magnitude of losse¢s due to technical inefficiency
for least efficient, intermediste and top performers is computed and
compared. Tables 5-12 through 6-14 present actual and potential output
values by technical efficiency class. The gap between the two is then
expressed as a percentage of actual output value to arrive at the esti-
mated loss. The following conclusions are based on the tables:

1. Least efficient performers (i.e., farmers more than 15 percent
avay from the frontier) lost as high as 35.7 percent of their
actual output in Sckoto. The corresponding statistics for
Bauchi and Zaria are 29.3 and 23.7 percent respectively.

2. Intermediate performers (with efficiency scores between 15 and
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TARLE 6-12. ESTIMATED LOSS FROM TECHNICAL INEFFICIENCY:
LEAST EFFICIENT, INTERMERIATE AND TOP PERFORMERS

(Based on Stable Frontier Production Function Coefficients for Zaria)

Technical Efficliency Avtual Potential
Score Output (M)} Output (&)

Least Efficient performers:
Bottom 5 percent (Individual

cases)
0.748 o 17.69 23.65
0.768 O™ b, bk 18.80
0.801 | ks5.97 57.39
0.80he ' 37.91 - kT.15
0.82h 22,16 26.89
0.838 88.76 106.94

Mean: 37.82 46.80

Intermedinte, and Top

Performers:
0.850~0.899 (Intermediate) 95.28 109.27 (19)*
0.900-0.549 147.24 159.18 (L49)

0.950-1.000 290,31 297.75 (38)

Ares Average:

6.923 L7k, 33 188,87

& Numbers im brackets are number of observations in technical efficlency

class,
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; TABLE 6-13. ESTIMATED LOSS5 FROM TECHNICAL EFFICIENCY:
. LEAST EFFICIENT INTERMEDIATE AND TOP PERFORMERS

(Based on Stable Frontier Production Function Coefficients for Sokoto)

Technical Efficiency Actual - Potential
Score Output (W) Output. (N)

Least Efficient Performers:

! Bottom 5 percent (Individual

cages)
0.676 99.58 k7.3
P 0.714 ”__,7§2' 22k .93 315.03
| 0.763 M 32,99 43.24
; 0.766 2.6 68,48
& 0.828"° 119.88 EURY:
t

Mean: - | ‘ 105.97 143.77

Intermediate and Top

Performers:
i -
" 0.850~0.899 (Intermediate) 168,82 192.94% (25)%
. - 0.900-0.949 180.25 194 .86 (26)
;i 0.950-1.000 196.19 201.22 (32)

Areea Aversge:

5 0.916 172.33 186.13

Numbers in brackets are number cof observations in technical efficlency
class.

. .‘I
I
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TABLE 6-14. ESTIMATED LOSS FROM TECHNICAL INEFFICIENCY:
LEAST EFFICIENT, INTERMEDIATE AND TOP PERFORMERS

(Based on Stable Frontier Production Function Coefficients for Bauchi)

Technical Efficiency Actual Potential
Score Output (N) Output (N)

Least Efficient Performers:
Bottom 5 percent (Individual

Cases)
0.7k2 21.39 28.83
0.752 e 23.45 31.18
0.761 20,48 26.91
0.765 12.73 - 16.64
0.782 37.46 k7.90
Mean: 25.48 32.96

Intermedi atg and Top
Performers:”

0.850-0.899 (Intermediate) 5T.57 66.17 (22)%
0.900-0.949 103.83 112.86 (M)
0.950-1.000 161.32 166.31 (38)

Area Average:
0.927 107.39 115.85

% Numbers in brackets are number of observations in technical efficiency
class.
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FIGURE 6.8. POTENTIAL AND ACTUAL OUTPUT: LEAST
EFFICIENT PERFORMERS
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FIGURE 6.9. POTENTIAL AND ACTUAL OUTPUT: INTERMEDIATE
PERFORMERS
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FIGURE 6.10. POTENTIAL AND ACTUAL OUTPUT: AREA

AVERAGE

Potential

120 |-

90
60
30

2

(N)(P3ysnipo) 1ndino dosd jo 3njoA 85049

180+

ZARIA

BAUCHI

SOKOTO



188

10 percent away from the efficient frontier) incurred losses
betveen 14 and 15 percent of thelr actual output.

3. Even top performers (farmers with efficiency scores of 0.95 -

1.00) could have obtained about 3 percent more than they did.

4. And on an area sample average, losses ranged between 8 and 9

percent ol actual output,

Figures 6-8 through 6-10 summarize the results in histograms of
actual and potential output values. The figures indicate yLhat losses
tend to be greatest in Sckoto. They also illustrate high inter-aren
differences in gross value of crop output (especially at the inter-
mediste and lowest efficiency levels)}. Furthermore, both tables and

figures show a clcse and po?itive-relationship between efficlency class

and actual output value.
-

Summary

' The major findings of this chapter are as follows:

1) Results obtained from the probabilistic frontier production
function indicate that elasticities are higher for upland area in Zaria,
seed and hire® labor in Bauchi, and all incliuded variables (except seed
- and inorganic fertilizer) in Sokoto, than those based on average relation-
ships. The employment of these resources are likely to be the sources of
~ technical efficiency differentlals.

- 14) Estimated technical efficiency indices indicate that the least
efficient farmers could obtain gross value of output (based on the
probabilistic production function) whieh iz 20 to 25 percent above actual
output. In each area 9-12 percent of farmers had efficiency scores 15
percent off the efficiency frontier while average area indices vere about

B percent away from the frontler.
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ii{1) A comparison of technical efficiency indices and other farm
' perform;nce measures show declining average cost and increasing output
per man with increasing technical effici=ney.

In conclusion: The above results iiv:iy that the hypothesis stated
.{at the beglinning of this chapter cannot he rejected: there sre technical
inefficlencies in traditional agriculture, and such inefficiencies can
- give rise to a considerable gap between wctual and potential output.

The results imply that there may be come scope for increasing farm
output at little cost and without major investments in traditional farms,
i; Howvever, an understanding of the causesz of observed efficiency
| hirrerentials is important Iif appropriate prograns are toe be designed to
tap geins from inefficiency gaps. What constraints prevent farmers from
attaining the%r potential? Are these within their reach? What determines

technical efficiency? Answers to these questions will be explored in the

next chapter.



CHAPTER T

DETERMINANTS OF TECHNICAL EFFICIENCY

Observed differentials in technical efficiency may be attributed to
at least four sets of factors: )
o ”?N{1_.
i} Qdifferences in managerial ability;
11} the employment of different levels of technology - indlicated by
the quality or type of inputs employed;
1ii) different environmental factors - 5011 qumlity, rainfall,
solar radiation, efc; and
iv) nonteconomic and non-technical factors which can prevent some

farmersg from working herd enough on their plots and thus

failing to achieve the best level of farm output.

Previouﬁkattempta to explein variations in technical efflclency have
tended to focus on factors somewhat exogenoug to the ebility and control of
producers., Examples of such studies arc Muller's work on the role of
information {Muller, 1974}, and Shapiro's atudy on the role of modernization

(Shapire and Muller, 1977).1

An exception is Matlon's and llewman's work in which the role of selected
management factors are examined {Matlon and Newman, 1979).

190
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In this chapter, an attempt is made to identify factors, endogenous tz
the farming milieu, which may have contributed to observed efficiency
differences,

The remainder of this chapter is organized ag follows: In Section 1,
variables hypothesized to be associated with technical efficiency and the
rationale for their selection are discussed. 1In Section 2, a correlation
enalysis of technical efficlency snd the melected factors is axamined,

The third section looks at the relaticnship between efficilency and crop
mix. In Section b, the extent to which szelected factors contribute to
varistion in efficiency is amssessed. In the last section, the results

obtained are discussed.

et
L
K b

Section 1. Hypothesized Factors

Manapgerial Ability

Although managerial ability is generally known to be an important
input in farm production, there is no single measurable input called
management., Thus a primary difficulty in examining managerial influence
lies in coanptualizing what constitutes management. The function of
management is traditionelly thought of as consisting of observation,
analysis, decision-making, action-taking and the acceptance of economle
responsibility {Castle, Becker and Smith, 1972, pp. k-6)}. These aspects
of management imply the gathering of relevant information, an application
of the manager's knowledge In organlzing and interpreting available infor-
mation, and the application of the decision-maker's skill, effort and

ability in the production process.
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Three variables, sole cropping, fallowing and c¢rop mix, are examined
in this class of factors.l In the study sareas, crops are traditionally
grown in mixtures (more than one crop on the same piece of land at a time),
Until recently, experimental work and extension advice in the northern
stetes of Nigeria had emphasized the superiority of sole cropping over
intercropping (in terms of crop output and use of resources.) This
notwithstanding, farmers continue to grov their crops mostly in mixtures.
Work by Norman incdicates that while intercropping may depress yields of
individual crops, the average value per uniti area of crops grown in mixtures

is higher than that obtained when the ¢rops are grown in sole stands
(Norman, 1972; Norman and Pryor; 1978)

The intercropping variablé'f;Jrepresented &3 the proportion of
total cultiv%Fed land put under scle crops., It is hypothesized that sole
cropping is negatively correlated with efficiency,

Land fallowing is an important aspect of a ¢rop rotation system. A
rfallow pericd after a number of harvests from a piece of land permits
é'regeneration of sojil fertility., Hesearch in other parts of Africa also
indicates thae'land fallowing in semi-arid areas {like parts of northern
Nigeria) may help to conserve soil moisture -~ thereby improving the yield
of the following crop (Whiteman, 1975, p. 305).

The fallow variable is the proportion of total farm gilze under

fallow.

1 Data limitation precludes an examination of other management related

facters, e.g. technical knowledge possessed by individual producers
and the timing and adequacy of farm operations.
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The choice of enterprise is an important aspect of firm decision-

1 The type of crops grown are determined by the interaction of

making.
various factors. These include both "endogenous and exogenous variasbles"
{Norman et al., 1979). Endogenous factors include the goals anrd resource
base of the farmers, while the exogencus variables consist of physical
and blological factors, (soils, weather) and the influence of external insti-
tutions {povernnent support systems for certain crops, prices, etc.).
To the extent that most of these factors operate uniformly in &
given area (an important exception is the resource base) differences in
crop emphasis may be a reflection of manaperial capacity.
:é Work in the sourthern part of Kano state indicates thet there is
a positive relationship between income status and emphasis given to high
valued crops, like peppers (Matlon, 1977).2 Vegetable crops also fsature
prominently in programming solutions.3
Two ¢rop variables are included in the mralysis: a subsistence crop
value, i.e. the combined value of millet and sorghum as e proportion of
gross crop value, and a vegetable value ~ combined value of peppers, okra
Tllnd onjon, a;%a ratio of gross value, In areas where vegetable crops are

‘not important, e.x. Sokoto, similar indexes are used for the more

¢ important crops - rice and sugsr cane.

1 Crop rotations and intercropping are striatly speaking aspects of

cholce of enterprise, However, in this sub-gection the emphasis is
on choice of specific crops rather than on type of hushbandry practice.

R
Some higher valued crops such as peppers snd tomatoes are usually
grown on lowland flelds. In this respect, resource quality mway also
influence the decision to grow such crops.

§f3 Eric Crawford, personal comumunications.
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The choice of enterprise is an importent aspeect of firm decision-
making.l The type of crops grown are determined by the interaction of
various factors. Theze include both "endogenous and exogenous variables"
{Norman et sl., 1979). Endogenous factors ineclude the goals and resource
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and biological factors, {solls, weather) and the influence of external insti-
tutions {government support systems for certain crops, prices, etc.).
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a positive relationship be%weén income status and emphesis given to high
valued crops, like peppers (Matlon, 19773.2 Vegetable crops also feature
prominently in programming solutions.3

Two crop variables are included in the analysis: a subsistence crop
value, i.e. the combined value of millet and sorghum es a proportion of
gross crop :?lue, and a vegetable value - combined value of peppers, okrs
and onion, as a ratio of gross value. In areas where vegetable crops are

not important, e.g. Sockoto, simllar indvxes are used for the more

important crops - rice and sugar cane.

1 Crop rotations and intercropping are sirietly speaking aspects of

choice of enterprise. However, in this sub-section the emphasis is
on cholice of specific crops rather than on type of husbandry practice.

2 Scme higher valued crops such as peppers and tomatoes are usually
grown on lowland flelds. In this respect, resource quality may also
influence the decision to grow such crops

3 Eric Crawford, personsl comaunications.
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Resource Utilization and Technology

The influence of four factors are examined under this catepory: farm
size, labvor shortaeges, Tertilizer use and variable cost per unit cultivated
ares., .

Farm size: ©Small farm size 1s usually identified as s key contributor
to low farm income in traditional sgriculture. However, work related to
the influence of farm size on efficiency has not glven consistent results,
In India, for instance, Lau and Yotopoulos found smaller farms to be more
efficient that lerger farms {Lau and Yoto@oulos, 1971, p. 107). But in
Pekigtan, greater efficiency appears 1o be associasted with larger farma
(Khan and Maki, 1979, p. 67). ..

The form size variable ts1defined ns the ratio of cultivated land
to the mean.cultivated acreage for the area, {i{.e. relative farm size).

Labor: Norman's work in Zarla villages suggests that seascnal
variation in weather conditicns, especially rainfall, gives rise to labor
bottleneck periods. "The amount of land that a family ean handle during
the labor bottleneck period fundamentally determined the level of agricul-
?: tural activity during the rest of the year" (Normen and Pryor, 1978, p. 120).
| The avallability of adequate amount cf labor can, therefore, be
expected to affect farm performance. The relatlonship between efficiency
and one labor related factor, hired laber as a proportion of total lsabor,
is examined.

Other Farm Inputs: Increased farm production would depend to some
extent on services cbtained from purchased inputs -- fertllizer, improved
geeds, better tools, etc. However, expenses for crop production in the

atudy areas tended to de very low. In Chapter 3, for example, mean cash

expenses are shown to amount to only N16.4 {sbout $25). The fact that
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farm work 13 undertaken largely by use of hand tools, and the obsence of
farm buildings (except rumbuna - grain stores) implies that fixed costs
are a negligible part of farm expenses.

Two variables are examined under this sub-group of factors: a)
Tertilizer value as a proportion of total cost of production and b)

variable cost per cultivated acre.

Non-Fconomic Variables

Sociclogiats argue that the developmental c¢ycle of households makes
different demsnds on its farm resources and that it can be very aifficult
to declide whether cbserved differences in wealth and production performance
in a peasant society are evidence of clase polarization, an historical
process, managerial ability or a substantive processl (Shanin, 1972).

The develqpmental eyele 1s expressed in such processes as the birth and
growth cof children, aging and dying of parents and the process of fission
by which new househclds are born (Robertson end Hughes, 1978).2

The relaticnships between efficiency and two soclological factors
related to the substantive process is examined: age and ramily structure,

Age: “The influence of sge on ferming ability is somewhat ambivalent
in the socio-economic literature. On the one hand are researchers who
link youth with a higher physical effort and innovativeness (Rogers,

1962, p. 174, Buntjer, 1973). On the other hand are those who argue

1 A substantive prcocess refers to the routine changes which occur within
& society and which serve to maintain its structure {Robertson and
Hughes, 1978).

2 This erticle was brought to my attention by John Cleave of the World
Bank.
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thet given the nature of traditional agriculture, especiaslly the non~-use
of improved technology, the experience that the farmer has acquired over
the yeara is likely to be more rewarding than youthfulness in terms of
managerial ability (Norman and Pryor, 1978, p. 67). The latter viewpoint
provides the motivation for lncluding age in the mnelysis of this chapter‘l
The age variables are deflned as dummy variables ~-- and take the value of
1l for age of househald head: Lo-50, 51-60, »60; and zero otherwise
(velow ko). |

A2 is indicated in Chapter 3, the traditional form of family or-
ganization is the gandu ~ a composite farlly structure. In recent years,
however, the breakup of gandaye into simple family units has been ob-
served to be on the increase, Buntjer's view probably sums up the view of
sociologistg on the expected effect of the change:

"Egggg is an authority structure, in which the subordinates

not only view time spent on the pandu farm as an imposition,

but also feel that modern agriculture could be carried out
better outzide the composite units.” (Buntjer, 1970, pp. 9-10)

This would imply that farmers that belong to the iyali system are likely
to be more mftivated to farm better than those that belong to the gandu.
Leibenstein has emphasized that X-inefficiency may arise from losses due
to motivational dificiencies of firm members:
"Because of incomplete contracts there will always exist some
degree of effort discretion for rirm members -- different efforts
betvween principals and egents -- imply the possibility of the

choice of non-optimal effort positions" (Leibenstein, 1978,
p. 205}.

- The family structure variable is specified az a dummy variable, which is

one for iynli-and zero for gandu,

1
The main consideration that led to this cholce is the fact that there
was very little use of improved inputs by farmers in the samples.
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Environmental Factors

Village dummy variables are included to capture the possible effects
of environmental factors, expecially population density. Villages are
assigned the values of one 1f they are least remote (highest population
density) or intermediately located (with respect to the urban center).

The village dummy is zero if = village is the most remote,

Section 2, Correlation Analysis

Thi=s section sxamines the correlations between selected factors and
technical efficiency. Results arising from the correlation analysis are

reported in Table T-l. The fellowing observations may be made:l

1) It is only for the Sckoto sample that the age variables show
any significant coeffieients. The youngest age class variable,
(<5b), is positively correlated with efficiency - significant
6t the 10 percent level. The age class L0=50 is negitively
correlated with efficiency (significant at .CS ievel).

11) 1In general, the iyali (simple) family structure is negatively
corgplated with technical efficiency. The coefficient is sig-
nificant at the one percent level for the Bauchi sample.

This result may be a reflection of the inferior position of iyali

farmers with respect to the gquality of farm resources {(Chapter 3, Section

6.

1 Reported coefficients (Table 7-1} are partial correlation coefficients
efter conirolling for the effect of farm size, Control for the effect
of farm size 1s considered appropriate following the results of Chapter
6, Section S, which show positive relationships between farm size and
elfficiency.



TABELE T-l1. FACTORS SIGRIFICANTLY CORRELATED WITH TECHNICAL EFFICIENCY.
{PARTIAL CORRELATION COEFFICIENTS -~ CONTROLLINC FOR FARM SIZE)

Partiel Correlation Coefficients

Specification
of Factors Zaris Sokoto Bauchi
Sociclogical
Age of Household Heagd n.a,
Overall =0.109 =0.036
<l+0 0»175' “0.070
h0-50 ~0,220%* 0.156
Iyali Family Structure ~0.080 -0.066 ~Q.2L5hnn
Farm Practice
Fallow Acreage Ratio N 0.088 =0,31304 0.334enx
Crop Mix 'y
Millet and Sorghum Value =0, g1 enn -0.083 -0.180%
Proportion
Onion, Peppers, Okra 0.202%n8 -0,134 Q.339%%*
Proportion
Inputs
Hired Laboz ag Proportion 0.055 0.363%ns -0,068
of Total Labor
Variable Cost per Acre D.235%#* 0.319%#+ 0.037
Location.
Least Remote Village 0.1g2kn -0, 395%%#* -0, 2Lpxnn
Intermediate Village 0.159% 0.26GH4% Q.22gn#

* Sigpificant at 10%
** Significant at 5%
#*d gignificant at 1%
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iii). The fallow index is significantly relsted to efficiency in
Bauchl and Sokoto. DBut, while the coefficient is positive for
the former, it is negative for the latter.

{v) Farmers that derive a high proportion of their crop value from
subsistence crops {sorghum and millet) tend to be less efficient
than those that earn relatively more from high valued crops
(e.g. peppers}.

v) It is only for the Sokoto sample that the labor variable shows
any significant correlation. The hired labor proportion has
the hypothesized positive sign.

vi} In Zaria snd Sokoto, variable cost per acre is significantly
related to efficiency.

vii) In {wo of the regions, Sokoto end Bauchi, least remocte villages
(high population density) show negative correlstions with

efficiency (both significant at the 1% level).

Section 3. Tndividual Crop Fmphasis

Since crap value proportion appears to be correlated with efficiency,
& tabular analysis is undertaken in this section to lock at the relation-
ship between individual crop emphasis and efficiency. To arrive at the
statistics reported on tables 7(2-4), the mean size of the adjusted land
area put under each of the majlor crops iz expressed as a percentage of
totel cultivated land. Thia ia then disaggregated by efficiency class.
The tables indicate that:

1) 1In Zaria, vegetable crops - okra, peppers, onions — tend to be

grown almost solely by the more efficient farmers. Sugar cane

production is also positively related to efficliency. For
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instance, while farmers with efficiency indices 0.90 to 1.00
put almost one~tenth of their farm land under sugar cane, the
mean for the sample is only a half of that, i.e. one twentieth.
Ana;ysis of variance shows observed differences to be signif-
icant at the .0l level.

In Sokoto, vegetable crops are not important. But rice emphasis
is highest for the more efficient class., Farmers 10 percent or
less away from the frontier put on the average a tenth of their
land under rice. This compares with 6.7 percent for the entire
sample,

For the Bauchli sample, cowpea emphasis tends to be higheat for
the least efficient class., But this should be interpreted with
caution, given the small number of observations in the least
efficient class. OSugar cane apgain tends to be grown only by
the more efficient class, though observed differences are

not significant,

It is vworth noting that rice, sugar cane and to some extent peppers

end onions, are essentially lowland crops (i.e. grown on fadama plots).

Section L. Determinants of Technical Efficiency

In this section, an attempt is made to further explain differences

in technical efficiency. The oblective is to quantify the contribution

and relative importance of selected factors.

Regression analysis using Ordinary Least Squares estimating

techniques are employed. The function estimated is:
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i - ” . -
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32 ) e B
where,
Y
-l = the dependent variable, i.e. the individual effi-
YJ ciency scores computed from the stable frontier.
X sos Xk
i} 3 = management related factors.
Zij"' zmj = factors related to the quality and quantity of
inputs used.
© . =
Sgy - Snj sociological variables
Dl and D2 = zero-one variables used to reflect environmental
factors,
e = a disturbance term,

A linear functional form is estimated.l Separste equations are
estimated for éach regional sample. FEstimated regression coefficients
are reported in Tables T-5 to T-T.

About 50 percent of the variability in the efficiency indices for
the Zaria sample is associated with the facters specified in the model.
The coefficient of multiple determination is, however, lower for the other
tvo regions: 0.36 for Sokoto and 0.31 for Bauchi.

Each estimated regression coefficient represents an estimated change

in the technical efficiency index in response to a one unit change in the

1 .
There is no theoretical basis to direct the use of another form.
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Particular factor - other variables held constant. It should be recalled

e s e e

that the maximum value of the dependent variable 1s 1.0.

To determine the relative lmportance cf each explanatory factor,

beta coefficients are computed for each of the variables. The results
R L
indicate that the relative importance of the selected factors differ

between areas.

S

e e

i
b

b s

A summary of other results follows:

i)

i1)

iii}

iv)

v)

vi)

vii)

In ull aress, an increase in the proportion of sole cropping

to total cultivated land would decrease efficiency. The coeffi-
cient is significant for the Sokoto sample.

The fallow index has a significant ccefficient in =ll areas.

In Sokoto, however, the coefficient is negative.

In Zaria, the coefficients of the two crop variables confirm
earlier results —- negative relations between efficiehcy and
value of subsistence crops in contrast to a positive relation-
ship for higher valued peppers, onions and okra.

The ecoefficient for farm size is significant in all three areas.
However, in Sckoto an increase in farm size is associated.with a
decline in efficiency. |
Fertilizer use was not an importaﬁt contributor to variations

in efficiency.

In all areas the hired labor variable has & positive and signif-
icant coefficient.

Farmer membership of the iyeli family structure tends to decrease

 technical efficiency. However, the coefficient ig significant

only for the Bauchi sample.

t
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i a) The results with respect to the influepnce of farm size are not
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viii) In general age 1s not an important contributor to technical

efficiency. The only significant age coefficient is the

e e e e

negati%e effeci of the oldest age class in Bauchi.
ix) Proximity to an urban center does not appear to be an important
i ' ﬁeterminant of technical efficiency in Bauchi villages. The
! results for the other two samples are, however, not consistent.
In Zaria, location dummies for the least remore and inter-
mediate villages have positive and significant coefficients.
But in Sokoto, both coefficients sre negative. Though not
significant, they are higher than their standard errors.
Finally, an examination of the beta cocefficients and their ranking
{in order of maénitude) show crop mix, location, and the fallow index
to be the most important contributer te technical efficiency in Zaris,
In Sokoto and Bauchi farm size, fallow index and proportion of hired

labor feature as the most prominent determinents of efficiency.
[ N

Section 5. Discussion
Ll

}'f At this point, 8 discussion of the above results is in order.

consistent for all regions. It is possible that the positive coefficient
for Zaria and Besuchli is related to the faect that larger acreages pernmit
better rotations and longer falleow periods necessary to regenerate
fertility., But hte negative cecefficient for Sockoto is likely to be a
}reflection of a different factor. Mean cultivated land area is largest

-’.

Yo |
for Sokoto (e.g. 9.68 ncres as compared to 6.7 for Bauchi). A larger

slze of holding entails having more fields. Goddard reports a correlation

I oo
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coefficient of 0.60 (significant at one percent) between number of fields
and size of holding, for the same sample (Coddard et al., 1971, p. 23).
Fields are usually located at great distances from one anopher. The
implication is khat a large percentage of total workihg hours may be
wasted in travelling between the home and the various flelds. In Mairiga
village, also in Scokoto Gtate, Hazell found that as much as 15 percent

of the average working day could be so wasted (Hazell, 1978, p. 26}.
Furthermore, in a situation of excessive land fragmentation, very small
and remote fields may receive less manure., Small fields may also be
by-passed when lend improvement and conservation measures are undertaken
by fermers (Goddard et al., 1971, p. 31). And usually, size is inversely
related to land‘quality. |

i b) A closér examination of the negative relationship beﬁwegn the
subgistence crop value index and efficiency was undertaken. For all
regions, correlation analysis indicated significant negative correlations
(e.g. ~-0.405 for Bauchi) between variable cost per acre and the combined
’sorghum/millet value index. This is in contrast to the positive
!correlation between costs and crops like rice/sugar cané, peppers/onicns/
okra. This implies that efficiency reducing effects observed for the
subsistence crops is prebably indicative of the relatively lower invest-
ments put into their production. The greater concentratioﬁ of the fnrmers’

efforts and capital resources on nen-subsistence crops is likely to bhe s

response to their relatively higher product prices.l

1
The relationships between efficiency, costs and profitability is
exanined in a2 subsequent subsection,

E i L



o . 211
: !

HE?
L

i

gf ¢} The positive correlation between fallow index and efficiency

‘in Zarie and Bauchi is seen as a reflection of the value of ¢rop rotations
in traditional crop husbandary practices. 1In Sokoto, however, the use of
other good mandgement practices are likely to be more important than
rotations that include fallowed acreages.

d) The relative importance ¢f the proportion ¢f hired labor as &
determinant of technical efficiency is probably a reflection of the role
of peak sesson labor availability.l If this is the case, it implies
that farmers that cannot afford to use hired labor when It is needed
are likeifjko use resources available to them less efficiently. Since
hiring labor is dependent on available capital, it alsoc implies that
cush availability would be related to efficiency. This interpretation

would be cnnsiétent with Matlon's findings that efficiency is torrelated

with liguidity and income status (Matlon and Newman, 1979).

P
Efficiency, Cash Availability and Profitabllity

Tebles T-8 through T-10 examine the relationships between technical
efficiency, cash availability and profitability.

Disposablé income has been used as a measure of cash availability
{Matlon, 1977; and Matlon and Newman, 1979). It should be noted, however,
that a higher proportion of disposable income 4t the farm level is
actually net farm income which may not be avallable until the end of the
cropping season. In other words, disposable income at the end of a given

erop year may not give a good indication ¢f the potential source of farm

It may also be a reflection of the relative Inefficient use of family
labor «~ unrelated to seasonal effeets. This would be consistent
with results on marginal value productivities of labor presented in
Chapter 3,
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-
capital for that same year. The amount of cash at the beginning of the
| crop season would be a better determinant of access to farm inputs.
Since analysis is based on cress-sectional data for one time period,
such information is not available.

Other factors affecting aveilebility of capitsl are the amount of
‘income earned by households from cattle, small livestock and off-farm
sources. This is the component of disposable income earned during the
é course ¢f a cropping season. This statistie is computed for each effi-
; ciency class (Tables 7-8 to 7-10). Statistics on variable costs per
% acre and three measures of profitability -~ farm income per family man
; equivalent, farm inceme per man day (based on total laebor use) and
E gross margin -- are also presented.
in'i In genersl, the table indicates non-significant relatlonships
between within-season ligquidity and technical efficiency. On the
! other hand, there is s positive relationship between efficiency,
variable cost per acre and profitability.

i

P The point here is that liquidity per se may be necessary but not

a sufficlent condition for better farming efficiency. What eppears to

be a sufficient complement is actual and appropriate investments on
1

the farm,

o
1 I+ should be emphasized that this is not necessarily in disagreement

with Matlon's point "that low income farmers may have operated in a
more constrained environment” (Matlon, 1979, p. 29). It only asserts
that actuzl farm investments may be a more realistic determipnant of
efficiency than liquidity.

T A a et om e

ot |
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Summary

The main findings of this chapter are as follows:

1) Major factors contributing to variations in technical efficiency
are c}np mix, rotations, farm size, hired labor proportion and
location.

2) High valued crops feature more prominently in the crop mix of
the more efficient farmers.

3) Except in Sokoto, the indigenous husbandry practice of land
fallowing enhanced technical efficiency. This is seen as an
indication of the value of crop rotations.

L) Technical efficiency can be increased with more hired labor.
This is probably a reflection of the shortage of peak season
1abor:

5) Sole cropping is negatively correlated with efficiency. The
coefficient is significant for the Sckoto sample.

6) There is a strong relationship between farm size and technical
efficiency, But the sign of this relationship differs for the
areas. It is positive in Zaria and Bauchi where population
densities are low enough to permit fertility increasing
rotations. It is, however, negative in Sokoto where excessive
land fragmentation may have resulted in inefficient labor
utilization, Larger farm sizes in the Sokote area may also
imply that & higher ratio of less productive land was used by

farmers. T~
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Efficiency appears to be negatively correlated with proximity
to urban centers -- a possible reflection of poorer environ-
menfal factors. It is suggested that the positive association
between efficiency and the least remote village in Zaria is a
reflection of the pgreater emphasis given to high valued crops
in that area (Chapter 3, Section 5), and a more efficient
marketing system in Hanwa, relative to that in other nearby

villages.
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CHAPTER 8

SUMMARY AND CONCLUSIONS

This chapter presents 8 summary of the study, followed by conelusions

and policy implications of the results. In the final section, limitations

of the study and suggestions for future research are discussed.

Section 1.

L]

Summary of Study.

A growing concern with the capablility of Nigerian agriculture to sat-

isfy the food needs of an expanding population has surfaced in recent years.

1

Frequent and substantisl increases in food prices and a continuing rise in

the national food import bHill are but two of the commonly observed results

of lagging internal production. Besides adverse environmental factors,

{e.g. low and variable rainfall in the northern states), and the non-use

of improved production methods, experiments with varieties and technologies
P : .

N

¥

used by farmers also indicate that available resources may not be effi-

ciently utilized by producers. Concerned state and national governments

have, sometimes burriedly (e.g. Operation Feed the Nation), instituted

'programs directed at increasing farm level production., PBut rational sgri-

T ]

cultural policy must be based on a clear understanding of facters which

prevail at the farm level. Is it possible to exploit known technology

used by successful farmers to increasse output? With this in mind the

study was desipgned to achieve the following objectives:

[P
3z

218
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1.. To isclate factors which determine farm level productivity;

2.. To estimate the level of technical efficiency of individual
producers; and

3. To identify factors which contribute to variations in
technical efficiency.

|
i
|
|
|
f
i
I
|.
i
|
L
I Farm management survey data relating to Kaduna, Sokoto and Bauchi
states were used for the study. Within each area, three villages vere
selected. A major criteria used in village selection was that they dlffer
in ease of access to the main city in the area. The entlire sample con-
sisted of 310 farmers who were interviewed twice weekly throughout a .
eropping year to obtain information on labor use, farm expenses, Crop
yields, incom; and some sociological variables.
f A number of farm performance measures were examined: outﬁuﬁ per
man, yvield, and gross value of crop output {adjusted to permit inter-ares
comparison)., Efficiency was also examined -- within the context of both
gllocative and technical efficiency. The analytical framework employed
consisted of a combinetion of sorting, averaging, tabular analysis,
analysis of variance snd correlation snalysis. Production functions were
also estimated; the traditional average production function was estimated
by Ordinary Least Squares technipgues, while the frontier production
function (of more recent development), was estimated by Linear Programming
methods, ‘
jlﬁa The regults show some significant differences in the performance
neasures eiamined both within and between areas. More spécifically,
the mainlresults arising from the study are: | |

: : i o
D_ | J. ._
]

¥



i) There are significant differences within areas in output per
man and in net farm income. Factors closely associated with differences
in labor productivity are cultivated land area, planting density and labor
use. Cutput pér man is inversely related to proximity to urban centers.
This was shown to be related to a higher population density and smaller
farm sizes.

1i) Crop yields are inversely related to farm size. It is suggested
that this is a reflection of poorer land quality with increasing farm size.
Fertilizer use, labor and seed rate constitute the major determinants of
yield.

iii) The malor fectors contribating to total farm ocutput are cultivated
upland area, seed/cuttings and labor use. The study revealed significant
inter-area différences in marginal rescurce productivities with respect
to all included variables (except family labor and cultivated lowland).
This result suggests that farm inputs -~ such as hired labor, seed and
fertilizer -- could be reallocated geographically with consequent gains
in farm productivity.

iv) Computations of the ratios of marginal value product (at mean
value of inputs) indicate that family labor tends to be allocated effi-
ciently in farm production. However, appreciable deviations from allo=
cative efficiency were found for land and hired labor (Table 8-1). This
may have been due to imperfections in factor markets.

v) Technical inefficiencies alsc exist in the study areas and could

lve rise to a considerable gap between actual and the potential level af
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output.l Computations of individual efficiency indic052 show that nine to
twelve percent of farmers in each area have efficlency scores more than 15%
below the most efficient farmers'. And calculations of potential losses
from technical inefficiencies indicate that least efficient farmers could
have obtained between 23 and 35 percent more output if they had been able
to achieve the level of output predicted by the frontier function (Table
8-2). Technical efficiency is closely associated with farm size, labor

use, crop mixtures and the practice of rotations with a fallow proportion.

Conelusions and Policy Impnlications

The major conclusions of the study are:

1. The findings of the study are not entirely in support of the con-
ventional beliFf that no appreciable increase in traditional agricultural pro-
duction is possible by reallocating the factors at the disposal of farmers.
?he analysis makes clear that there are appreciable dispersions in individual
technical efficiencies (output value per unit input). Efficiency scores

3

»
ranged between 0.67 and 1.0.” This would suggest that it is possible to

increase output by drawing on the experience of more efficient farmers --
without major ;nvestments, at least in the short run,

However, the applicability of this conclusion needs to be examined in
some detail. For example, are factors contributing to variations in tech-
nical efficiency those that farmers can do something about or are less

efficient farmers victims of constraints imposed by external factors

which they can do very little about?

i Technical efficiency is defined as gross value of output per unit inmput.
e These are based on elasticities derived from frontier production functions.,

3 It may be recalled that mean efficiency scores were relatively high (0.91).
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The study shovws that both crop yields and technical efficiency can be

increased by hiring more lavor (Chapter 3 and Chapter 7). However, it is
known that there is no landless class in the study areas {Horman end

Pryor, 1978).. Hence the time when hired lebor is needed is likely to bhe
the time when all available labor is busy on family farms. Furthermore,
labor hottleneck periods tend to coincide with periods when cash rescurces
are low, thereby inhibiting the ability of farmers tb hire more labor.
ENorman, et al., 1979). The impertant peint here is that limited cash
resourceslcoupled with the shortage of labor that can be hired at crucial
periods of farm work may limit the applicadbility of & policy recommendation
vhich polnts to the need for exira labor. Thus the need for the development
and extension of labor sugmenting technolopgies is evident.l It should,
however, be ndted that the appropristeness of such technologies for s

traditional ferming environment may be problematic. For example, crop
R

;Eapecificity characteristic of easily available herbicides has made their

application to c¢crop mixtures difficult.2

o i
L]

2. The positive and significant relationships between efficiency

L

and factors such as farm size and high valued crops -- grown mainly on

fadama ®»lots —— (Chapter 6, Section 5), and the important role of the

Examples of such technolopies are herbicides, oxen and ox-drawn equipment,
and traectorization.

"

“ Even if herbicides suitable for crop mixtures were available, formers
vho use no fertilizer may be worse off if they apply herbicides.
Research indicates that persistent herbicides destroy organic manure

build-up such as would result from fallowing.

: |
L o
-

1
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seed variable as & determinant of farm productivity (Chapter 5), sugprest
that observed differences in farming efficiency may in part be due to
differences in the gquantities nnd qualities of the resources employed.
Inequalities in' input distribution among output per man strata were in

Tact revealed by the analysis of factors characterizing labor productivity
Py o

(Chapter 3). It is, therefore, possible that farmers do not have equal
access to factors of production.

L
i

i
without an improvement in the resource base ¢f farmers. Given the low

The implication is that improved farming efficiency may not be possible

level of income and farm expenditures in the area {Chapter 3}, an improve-
ment in the resource base {e.g. land quality), may reguire financial
resources beyond that at farmers'! disposel. This leads to the familiar
issue of ensuriﬁg the availability and utilization of farm inputs, including
credit, when and where they are needed through appropriate disfribution
and extension systems. It should be noted, however, that the mere avail-
ability of cash, though necessary, is not a sufficient condition for
improved farm performmnce. As was shown in Chapter 7, there is no strong
association between income earned during the course of the cropping.
season and technical efficiency. Work by Hing on farmers' cooperatives

in Kano alsce demonstirated that credit made available to producers may

be rationally considered for uses other than investuent on the farm
(King, 1975). Besides the potential use of availeble cesh in non-farm
investments, there is growing evidence that improved inputs and credit
i"’:'Lrlt:’:(‘t:hduced inte traditional societies in Nigeria can be monopelized by
traditional leaders, village elites, and "power groups" such as traders
(Hill, 1972; Agbonifo, 1974; and King, 1975).

froe |

Sl . I
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The main point here is two-fold: a) the need to demonstrate to
farmers the relative profitability of farm investments and b) a need to
ensure that all farmers have equnl access to available supplies. Unless
equal access i5 ensured, some farmers may be left out of the development

process.

3. In general the analysis of technical efficiency (Chapter T)
showed indigenous farm practice of fallowing (rotations) to be positively
related to technical efficiency -- even after contrelling for the in-
fluence of farm size, It was alse found that the scle cropping index
was negatively correlated with the efficiency index. Detailed crop
husbandry recommendations ere available for improved production of sole
crops, but no sych recommendations are availcble for crop mixtures.
Begides, recommendations tend to assume continuocus cropping. Research into
indigenous farming systems which has been started in recent years at the
Institute for Agricultural Research, Zaria and IITA, Ibadan, both in
Nigeria, need to be encouraged. Besides developing recommendations that

are relevant to crop mixtures , work needs to be done in devising appropri-

ate rotations, especially for areas where land avallability constitutes no

problen,

4. Observed dispersions in efficiency indices also raise another
question: should extension efforts give more emphasis to least efficient
farmers? A cruecial factor in enswering this gquestion would be the ease
with which in practice such farmers can be identified. The positive
relationships shown to exist between technical efficiency and commonly used
performance measures such as output per man and gross margins (Chapters 6

and 7) sugpest that an identification based on such measures, though not



)
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equivalent to techpical efficliency, are mostly consistent with it., 1In

any case; the viability of & two tier extension effort is likely to depend

on availability of funds and extension staff.

E f In concluéion, with the possible exception of fallowing (crop

| rotations) and sole cropping, most of the factors which contribute to
observed efficiency and profitability differences (e.g. hired labor,

Ifarm size, and higher valued crops) may, in fact, be related to constraints
simposed by the system under which the farmer operstes -- in other words,
factors which the farmer can do very little about.

i

Section 3. Limitetions of Study and Sugrestions for Further Research

s

:i-f A major limitation of the study is the lack of data on the timing

of, and extent $o which, specific farm operaticns such as planting wnd
uveeding were carried out by individual farmers. These are expeclally
important in the analysis of technical efficiency (Chapter T).l There

is no doubt that late planting and weeding, for example, have deleterious
effects on yield. The difficulties inherent in the colleetion of such
information in %ndigenous cropping environments, should, however, bé
recognized: First, the practive of intercropping Implies that one will
be hard putlto specify the optimal time for field operations such as
planting a%& weeding. For example, while the optimal date for planting a

sole erop of cotton may be well defined, the opiimal time to sow a

t It is fair to mention that the data were not collected with the type
of analysis employed in this study in mind. The major aim was "to
overcome the paucity of accurate data on indigenous farm practices --
and determine what farmers are doing and -- ought to be doing”
(Norman, 1972).
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I
cotton/sorghum/millet mixture will not be that clear. Second, operstions,
e.g. plantings, are usually spread over a number of weeks. This necessi-=
tates a choice as to which of the plantings constitutes the main one,

One criterin that has been used to judge the adequacy of planting time

is with reference to the number of weeks after the initiation of rains
{ {ndividual farmers started planting (Matlon &nd Newman, 1979). But the
problem is that rain can be very lecalized -« and may not begin on the
same day or fall on &ll fields even in the same village. This suggests
that comparison with a single time pericd (the initiation of rains) msy
. 1n fact not be realistic,
fiﬁ The above points should not be teken as a defence for the lack of
the said data, but merely to indicate the problems that potentially

1
interested researchers should consider.

The fact that risk was not considered in specific terms constitutes
8 second limitation of the study. The importance of risk analysis derives
from the faet that decision making involves & choice between alternatives
some or all of which have outcomes with differing degrees of uncertainty.
Is it possible; for instance, that farmers shown to be lesgs efficient are
simply risk averse -~ i.e. giving emphasis to less uncertain production
alternatives given the resources available to them and the other constraints
they face,.
i Thus a possible expansion of the present work is to add & consider-
ation of risk tec the mnalytical framework. One way to approach this is to
use a stochastic producticon function as opposed to the deterministic

average production function employed in the analysis of Chapter 5. This

would make it possible to capture the element of risk aversion.
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It is worth noting that in an ideal situation, a cross-section time
series data of inputs, output and prices would be needed to do Justice
to the question of risk in farm production. OSuch date are not available.

The methodology employed in the analysis of technical efficiency

does have scme limitations. For example, in determining the stable frontier
function, outliers were excluded until estimated coefficients appear to

have stabilized (Chapter €). This does not appear very neat. One is

faced with a number of questions: Is it possible that some of the obser-
vations provide information useful to the subjJect under study? If one

or more observations are admitted to be outliers, how is one sure others

are not? In a situation where two or more outlier observations have the
same efficiency index, in what order should they be excluded?

Outlier detection technigues in regression analysis are based on some
definite verifiable methods, e.g. that standardized residuals are not
more than two or three standard deviations from their mean. Finding a
method capable of differentiating real outliers in frontier function analysis
which employ linear programming techniques appears to be 2 potential area
for research. *

In conclusion, frontier function analysis can indicate the potential
for increasing farm output if firms employ the best practice in a given
production technology. It also permits the stratification of firms by
efficiency of input usage (i.e. all inputs). Such & cateporization makes
it possible to exanine factors that contribute to observed efficiency

differentials.
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However, a major limitation of the technique should be noted: It is
likely that farmers shown to be technically efficient by a frontier function
analysis do not have high indices of efficiency for all resources con-
sidered. For ethple, in Sckoto, farmers on the frontier had mean returns
per man, lower than those for farmers on the average.

Thus efficient producers may indeed have relatively low indices for
some important production factors, (e.g. labor), without the fact being
revealed in a frontier function analysis. ©Should such a situation obtain,
observed technical efficiencies may be misleading indicators of managerial
performance -- at least with respect to the particular input(s) in

question.
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APPENDIX B

|
. o ANALYSIS OF MULTICOLLITEARITY
. o

Multicoliinearity refers to a situstion in which interrelation-

ships among independent variables is so strong, as to render the individual
effects of the variables on a dependent variable difficult to separate.

As Madaala points out, the problem is not cone of existence or nonexis-
tence, but of how serious or problematical it is." (Maddela, p. 183).

,;1 The procedure adopted in this analysis is as follows:

a) The simple correlation matrix of independent variables is first

1

examined to idéntify the pattern and degree of interrelstionship between

[
i
!

palrs of variables.
b) The second step is to identify the variables that contribute
most to multicollinearity by a measure of each explanatory varisble's

dependence on other independent variables.

I
F -'f'

¢} Finally the model is reestimated without the most multi-

!
ié v

|
F
collinear variable.
Tables B-l{a-c} present correlation matrices for the three samples.
The maximum correlation coefficients for the Zaria sample are between
cultivated upland snd seed/cuttings (0.763), cultivated upland and hired
}apor (0.733), and cultivated lowland snd seed/cuttings {(0.682),

For Soketo, the highest correlation coefficient is that between

[

cuwltivated upland and seed/cuttings, while for the Bauchi sample it

is that for cultivated lowland and seed/cuttings.

233
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Ir:the conventional rule of considering a correlation coefficlent
of 10.80| and above is applied, then it is only in the Bauchi sample that
this ocecurred, and only between one pair of variables, cultivated lowland
and seed/cu%tings (Heady and DPillon, p. 137). This would imply that
multieollinearity is not a serious problem in the samples.

Hd;ever, the |0.8| 'rule of thumb' may be valid only when there are
Just two explanatory variables in an eguation. Maddalsn demonstrates that
in the case of more than two regresscrs the simple correlations could all
be low and yet multicollinearity could be very serious (Haddala, P. 185),}

This necessitates &n examination of alternative measures.

Severity of Multicollinearity.

There gre some suggestions in the literature of tests which can be
applied to the sample's matrix of correlation coefficients in order to
essess the sericusness of multicollinearity. Two such tests are discussed
here. The first involves a computetion of the determinant of the matrix
of zero-order correlation ccocefficients. The extent to which the determi-
nant departs from sinpularity becomes a measure of the severity of multi-
collinesrity (Haivtosky, 1968). The second test uses an approximate
chi-square distribution of the determinant of correlaotion matrix (Farrar
and Glauber, 1967). The chi-square distribution is given by:

X2 ]xtx[ v=w[N-1-1/6 (2n + 5)] 1oz ]xtx]

1 Maddala gives an example of a model with three explanatory variables.

(Xl, X2, X3) in which Xl + X2 = KB’ a situation of perfect multicol-

linearity. However, the correlation coefficient between any pair of
variables was quite low (p. 18%5). :
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vhere,

v = 1/2 (n-1) = degrees of freedom

|

number of observations

n = number of independent variables

Two assumptions are crucial to the development of the Haivtosky

and Farrer-GClauber tests:

a) That multicollinearity can be defined in terms of departures
from orthogonality in an independent variable set.

b) That the nature of the population from which the independent
variables were generated is such that the distribution of the variables
is multiveriate normal (Farrar and Glauber, pp. 100-101).

The secohd assumption permits probability levels to be used as a
cardinal measure of the extent to which the variable set is interdependent.

The assumptions on which the tests are based are not strictly relevant
to the problem of multicollinearity: first, the second assumption refers
to a population -- in practice one works with a sample. Second, all that
the tests show is that the variables are not independent (Maddala, 197T).

p. 186). The tests are not applied to this study.

Individual Variable's Dependence on Cther Explanatory Variables

In identifying which variables in a regressicn are highly multicel-
linear, a procedure based essentially on Klein's rule appear most appro-
priate. Klein states that "intercorrelation of variables is not necessar-
ily a problem unless it is high relative to the overall degree of multiple

correlation" (Klein, p. 101), Where there are more than two variables in
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a regression, the word intercorrelation is interpreted as the multiple
correlation of each cxplanatory variable with the other explanatory
variables (Maddsla, p. 185).

Thus multicollinearity would be regarded as a problem only if:

.
" |
' R2y <R®x i

where

20 =R°Y . X1 . . . XM end

o)
w2
|

Roxi = szi. other X's

And the magnitude of the regression F-statistic resulting from regressing
each independent variable on other regressors is regarded as a cardinal
measure of the extent to which individual varisbles are affected by
pulticollineérity (Farrar and Glauber, pp. 101-10k4).

- Table 2 presents regression F=-statistic and the coefficiehtlof multi-
ple determination adjusted for degrees of freedom, which results from
regressing each independent variasble on other explanatofy varisgbles. A
comparison of the ﬁgy of the main model (Table 5-1) with the ﬁQxi, indicate
that multicollinearity is not a seriocus problem for the Zaria sdmple. In
the other two regions, however, ﬁey < Eexi in three instances in Sokoto,
and two in Bauchi.l The size of the F-statistic shows that in Sckotc the
variables contributing most to multicollinearity are seed/cuttings,
cultivated lowland and cultivated upland, in that order. In Bauchi, the

two variables are seed/cuttings and cultivated lowland.

1 2

X

It is not clear how many instances ng has to be greater than R i

before multicollinearity is regarded as serious.

S |



2ho

69°0  (28°0) - (n2°0) (19°0) (€T70) (L5°0) (18°0)
10°60T - on*g 6L°LE LE* Y SL°TE €9 %6 Tyoneqg
TL°0 (tg°0) (10°0) (0£°0) (19°0) (IS°0) (6L°0) (8L°0)
GEEL Cg*0 g0°Q T0°0% gE* QT €€ 19 89°65 030%0g
6L°0  (EL°0) (9€°0) (g2°0) (en°0) (TL°0) (9L°0) (€570)
ge"g¢ et gé'g 6" ST €0° 1S €1°99 T16°¢€e WIIBZ
TSPOW  s3urlgnd J9ZFT T34 ISZTTT3I99 20Q87 10qQu] pusTdn puUR 0T
UTsN d /p33g aTusdxour dTuvdxp ATiure g PaaTH passATITn) PO3BAIIIND
uctdey
s3axoRlg Uy Y pajsnlpy pUB 2135T3IVIS-4 UOTssaJddy
.kamnuumvm J9Yy3Q uo asuapuadaq sarTqeILs) LxojvueTdxd ysey JO SaJINSBAY
ALIMVANITIOOILTINW OL ISOW ONILNGIMLNOD
STTEVIHVA ONIXJIINIAI :XALIHMVENITICOILIOW d0 SISATYNY “c-~d TTEVL



2h

Adjustment for Multicollinearity

Suggested solutions in the literature for multicollinearity include:
dropping variables most affected, the acquisition of new data with less
collinearity and the use of ridge regressions (Johnston, p. 164). The
approach adopted here is to re-estimate the main model for Sokoto and
Bauchi with the seed/cutting varisble omitted because it contributes
most to multicollinearity.

The results from eliminating the seed/cutting variable are
summarized in Table B-3.

In the Sokoto sample, the R is reduced dramatically while the
standard error of estimate is larger. Both of these statistics remain
unchanged for the Bauchi sample,

The resultd imply that the effects of the seed/cutting variable is
being captured by the two land variables in the re-estimated regressions
-- & confirmation of the high correlation between cultivated land area
and the omitted varisble (Tables B-1(a-c). The size of the R° and stendarc
error of estimate for the Sokoto sample tend to imply that the original
model has a superior explanatory jower than the re-restimated equation.
1f indeed the seed/cutting variable is a relevant variable in the main
models, its omission should cause & bias in the re-estimated coefficients
of the included variables with which it is correlated. The observed
positive bias in the two land variables appear to be consistent with the

sign of the correlation between the omitted and land variables.
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APPENDIX C

ANALYSIS OF RESIDUALS

For OLS to be efficient, the assumption that residuals have a common
variance i.e., --homoscedasticity--should not be violated. Hetero-
scedasticity would render tests based on variances (e.g., t-test) biased
end the OLS estimates inefficient.

An underlying hypothesis in the analysis that follows is that
residual variability in gross value of crop output is likely to differ
among villages in each area sample,

All computations employ the main model without adjustment for multi-
collinearity.

A three step proceedure is followed:

a) Plots of residuals are examined in an attempt to detect any out-
liers; the presence of outliers is generally considered a contributing

factor to unequal residual variances (Anscombe and Tuckey, 1963; Draper and

Smith, 1967).

b) Village residual variances are computed and the hypothesis of
equal variances tested and

¢) WVeiphted Least Squares is used to re-estimate the model where
the assumption of homoscedasticity appear to have been violated.

The plots of residuals, Figures 1-3 indicate that none of the resid-
uals lies three or more standard deviation from the mean - the conven-

tional criterion for identifying outliers {Draper and Smith, 1967, p. 9h).
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Village residual variances are computed for the three areas and are
presented in Table C-1. The hypothesis of equality of variences is tested
using the F-statistic. It is only for Zaria villages that the null
hypothesis of equal variances is rejected at the 5% level. Residual
variances for Dan Manhawayi--the most remote village from Zaria urban
center is significantly different from the residual variance of other
two villages at the 5% level of significance (Table C-2), It is concluded

that residual variances are heteroscedastic for the Zaria sample.

Adjusting for leteroscedastacity

One way to correct for heteroscedasticity in regression analysis is
to use Generalized Least Squares (Theil, p. 2hh). Assume the original

regression model is given by:
[}

Y=XB+e
where:
Y = a column vector of the dependent variable

X = a matrix of values of all independent variables

B

& column vector of parameters
e = a column vector of disturbances.
With heteroscedasticity the OLS assumption
E (e'e) = 0°1 is now replaced
by:
2
E(e'e) = o7iR

wvhere:

f = a diagonal matrix with the 0; on the diagonal, so that
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TADLE C-1. ANALYSIS OF RESIDUALS: AREA RESIDUAL
VARIANCES COMPUTED FROM COBB-DOUGLAS PRODUCTION FUNCTION

. Regions and Residual Variances
Wb

Villeges . Zaris Sokoto Bauchi
|
Hanva ;l 0.0739
Doke 0.0905
Dan Manhewayi 0.2181
Takatuku 0.1584
Kaura Kimba . 0.1012
Gidan Karma - 0.1578
Bishi 0.1083
Nasarawa 0.1207
Habayi 0.1903
| a
| £ (e. - 5)°
3=1 °
Residual Variance =
' y n
where:
e = village residuals
e = mean of villapge residuals
n = village sample size




2sh

TABLE C-2, ANALYSIS OF RESIDUALS: TEST OF EQUALITY OF VILLAGE

RESIDUAL:VARTANCES:

COMPUTED F-STATISTIC ARD CRITICAL VALUES

Regions and

Villages and F-Statistics

Villages

!
Zaria Hanwa Doka Dan Mahawayl
Tt -

|
Banwa = _— 1.22 (1.75) 2.95 (1.74)
Sokoto ' Takatuku Kaura Kimba Gidan Karma
Takatuku - 1.56 (1.84) 1.01 (1.81)
Keure Kimba - 1.56 (1.80)
Bauchi Bishi Nassrawsa Nabayi
Bishi - 1.11 (1.82) 1.76 (1.81)
Nasarawa - 1.57 (1.83)

Figures in brackets are critical F-Statistic at appropriate degrees of
freedom and for the 5% level of significance.

i
i+
|
i
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o o . . . . o
X
a
. - 2 .
n =

. 3 - o

o O . 3

b - —

o, are standard deviations of residuals for the three villages of
Zaria,

The CLS estimator is given by:

-1 )-1 -1

B=(X'gtx)™x' Q

L]

Where the estimate of variances are known (as in this situation) it can
be shown that an application of Weighted Least Squares (WLS) is a special
case of GLS (Theil, p. 2kk). The procedure is accomplished by weighting
the oripinal data (YJ and xij) by the reciprocal of the standard deviation

of the corresponding village disturbances, Thus the transformed model

becomes:
Y T X o
1n—l =1n%— + I 1n;!-‘l+
% J = ;9

J=1.. . . n obgervations

% = standard deviation

1
The equation is fitted with 5 &8s an additional regressor. And the

constent term is suppressed (Maddala, p. 265). However, the resulting R®

is a spurious number since the original dependent variable has been
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TABLE C-3. ADJUSTMENT FOR HETEROSCEDASTICITY: ESTIMATED PARAMETERS

COEB-DOUGLAS PRODUCTION FUHCTION - ZARTA

After Adjustment Before Adjustment
Explanatory (WLS) (oLs)

Variables Coefficients t-value Coefficients t-value
Cultivated Lowland -0.055 2.00 0.054 2.35
Cultivated Upland 0.157 1.73 0,361 5431
Hired Labor 0.0k9 3.43 0.034 3.16
Family Labor 0.766 11.63 0.2h2 3.33
Organic Fertllizer -0.01k4 0.89 0.03k 2.94
Inorganic Fertilizer 0.001 0.03 0.019 14l
Seed/Cuttings 0.k20 5.93 0.219 3.70

Deprees of freedom for t-test = 115 after adjustment, 116 before adjustment.
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TABLE C-4. MEASURE OF VARIABILITY IN ZARIA

SAMPLE: COEFFICIENT OF VARIATION

i S Standard E Coefficient of
Variables Mean Deviation . Variation
Cultivated Lowland 0.721 0.819 1.136
{Acre) - .

Cultivated Upland 7.183 6.586 0.016
(Acre) -

Hired Laber 64,620 134,001 2.0Th
(Map—Days) -

Family Labor ° 333.331 196.31L 0.588
{Man-Day Equivalent)

Organic Fertilizer 7.439 11.986 1.611
(Tons) i ¢

Inorganic Fertilizer 1.731 8,2kt ' k. 765
{10 kobo)

Seed/Cuttings 136,69 177.303 1.297

(10 xok%o) ‘




a [ 3
. ‘ . )
transformed. But estimated coefficients and their standard errors do

apply to the original untransformed equation (Snipper and Tomek, 1978,
p. 23). The results of the transformed equation for Zaria, the only
area where the sssumption of homoscedasticity appeared to have been
violated are presented in Table C-3. The results from the original model
are also given in the same table for ease of comparison.

In general, estimated coefficients and the t-values are different
in the two models. Three variables, hired labor, seed/cuttings and
family labor appear relatively stable (barring the increased coefficient
for family labor). However, the elasticity of cultivated upland is
'greatly reduced. There is a change in signh in the ceefficient for
cultivated 10ﬁland end organic fertilizer. HNepative elasticities in this
case appcar meaninglesa since it is not loglcal that production would
actually decline if any of these two fectors were increased. A conclusion
whieh can be drawn from the table is that production elasticities for the
variables whose coefficient appear unstable are more sensitive than the

others to'variations in the quantities of inputs, A possible explanatiocn
for such a high level of sensitivity to the adjustments made is a lack
of high variability within the sample for the variables concerned.

One measure of variability is the coefficient of variation (defined
as the standard deviation divided by the mean). The coefficlient of
variation is computed for variables in the Zaria sample Lo assess the
plausibility of the explanation offered above. Table C-h indicates that
variability for cultivated upland asnd family labor are relatively less
than the wvariability for the other variables. This is perhaps one of

the reasons behind the apparent instability of the elasticities of these

variables.
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