Supply Response, Risk
and Institutional Change in
Nigerian Agriculture

By

Joshua Olusegun Ajetomobi
Department of Agricultural Economics and Extension
Ladoke Akintola Univertisty of Technology
Nigeria

AERC Research Paper 197
African Economic Research Consortium, Nairobi
May 2010



THIS RESEARCH STUDY was supported by a grant from the African Economic
Research Consortium. The findings, opinions and recommendations are those of the
author, however, and do not necessarily reflect the views of the Consortium, its indi-
vidual members or the AERC Secretariat.

Published by: The African Economic Research Consortium
P.O. Box 62882 - City Square
Nairobi 00200, Kenya

Printed by: Regal Press (K) Ltd
P.O. Box 46166 - GPO
Nairobi 00100, Kenya

ISBN 9966-778-67-5

© 2010, African Economic Research Consortium.



Contents

List of tables

List of figures

Abstract

Acknowledgements

1. Introduction

2. An overview of Nigeria’s agricultural sector and market policies
3. Conceptualizing the Nigerian agricultural market

4. Empirical results and analysis

5. Conclusions and policy implications

References

Appendixes

A Test for cointegration

B Time series properties of data and cointegration test
C Growth rate and price series

D Modelling of production response

E Results of cusum of square test

21

27

28

34
35
35
38
43
48



List of tables

1.
2.

Bl
B2
B3
B4

DI
D2

D3
D4
D5
D6
D7
D8
D9
D10
DIl
D12
D13
D14
D15
D16
D17
D18

Contribution of Nigeria's agricultural sector to foreign exchange: 19702002 4

Contribution of Nigeria's agricultural sector to GDP: 19702003 4
Unit root tests for national and commodity aggregates 35
Unit root tests for individual crops 36
Results of structural break tests 36
Results of cointegration test 37
ADL modelling of aggregate production response (with price risk) 43
Error correction estimates of aggregate production response

(without price risk) 43
ADL modelling of export crops’ production response (with price risk) 43
Error correction estimates of export production response (without price risk) 44
ADL modelling of grain acreage response (with price risk) 44
ADL modelling of grain acreage response (without price risk) 44
ADL modelling of roots and tubers acreage response (with price risk) 44
ADL modelling of roots and tubers acreage response (without price risk) 45
ADL modelling of pulse acreage response (with price risk) 45
Error correction estimates of pulse acreage response (without price risk) 45
ADL modelling of cocoa acreage response (with price risk) 45
Error correction estimates of cocoa acreage response (without price risk) 46
ADL modelling of cassava acreage response (with price risk) 46
Error correction estimates of cassava acreage response (without price risk) 46
ADL modelling of cowpea acreage response (with price risk) 46
Error correction estimates of cowpea acreage response (without price risk) 47
ADL modelling of maize acreage response (with price risk) 47

ADL modelling of maize acreage response (without price risk) 47



List of figures

el S

C2.
C3.
C4.
Cs.
Ce.
C7.
C8.
C9.
C10.

El.
E2.
E3.
E4.
ES.
E6.
E7.
ES.
E9.

Institutional change and per capita production at subsector level
Institutional change and production of root and tuber crops
Institutional change and per capita grain production
Institutional change and per capita export crop production

Growth rate of total agricultural price series

Export crops' price series

Growth rate of grains price series

Pulse price series

Tuber price series

Growth rate of total agricultural crop output, sown area and yield
Growth rate of pulse output, sown area and yield

Growth rate of tuber output, sown area and yield

Growth rate of grains output, sown area and yield

Growth rate of export crop output, sown area and yield

National aggregate
Export

Pulses

Grain

Roots and tubers
Cocoa

Cassava

Cowpea

Maize

03 3

38
39
39
40

41
41
42
42

48
48
49
49
50
50
51
51
52



Abstract

Nigeria is among many African countries that have engaged in agricultural liberalization
since 1986 in the hope that reforms emphasizing price incentives will encourage producers
to respond. Hitherto, the reforms seem to have introduced greater uncertainty into the
market given increasing rates of price volatility. This study therefore models supply
responses in Nigerian agriculture that include the standard arguments as well as price
risk. The data come from the AGROSTAT system of the statistical division of the Food
and Agriculture Organization (FAO), Federal Ministry of Agriculture statistical bulletins,
Central Bank of Nigeria statistical bulletins, Federal Office of Statistics Agricultural
Survey Manual and the World Bank Africa Development Indicators. The data are analysed
using autoregressive distributed lag and error correction models. The results indicate that
producers are more responsive not only to price but to price risk and exchange rate in the
structural adjustment programme (SAP) period than in the commodity marketing board
(CMB) period. Following deregulation, price risk needs to be meaningfully reduced for
pulse and export crops, especially cowpea and cocoa.
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1. Introduction

l ike the majority of countries in sub-Saharan Africa, Nigeria has been following

a structural adjustment programme (SAP) since 1986. Significant progress made

includes large and frequent devaluations of the nation’s currency (Naira) and
exchange rate liberalization, as well as tax reform and rationalization including tariffs,
decontrol of agricultural prices and liberalization of marketing (Oyejide, 1990; Kwanashie
et al., 1998). The rationale behind agricultural liberalization is that the biases against
agriculture inherent in the protectionist policies of the commodity marketing boards
(CMBs), evident in Nigeria since 1948, discourage production so that reforms introducing
price incentives and efficient marketing will encourage producers to respond.

As part of the government drive towards freeing up agricultural markets, the CMBs
were abolished in 1986, thus ending 36 years of market intervention. The effects of
this deregulation on the producers have been profound. Notably it introduces greater
uncertainty into a market that hitherto had been subject to strict controls to stabilize
prices. Although increased price volatility presaged the cessation of CMBs, the present
role of producers in tackling both production and price risks deserves inclusion of risk
in quantitative assessment of their supply response.

This study therefore reflects on structural differences in the response of Nigerian
agriculture to price and price risk in two major policy intervention periods with a view
to informing the debate about deregulation, not least because the deregulation of similar
schemes is going on in other countries in Africa. Previous studies of Nigerian agricultural
markets have tended to model supply response based on the assumption of perfect
knowledge and information about price and production (Ajakaiye, 1987; Oyejide, 1986,
1990; Oni, 1969; Abalu, 1974; Kwanashie et al., 1998). Less attention has been paid
to capturing the impact of risks and uncertainty on agricultural production and supply
response in Nigerian agriculture. Since the nature of market and non-market incentives
is adding to risk and uncertainty in farm decisions, this study aims at modelling the
production and supply response in Nigerian agriculture to include both the standard
arguments and risk. Specifically the study attempts to:
¢ Determine whether Nigerian agricultural supply is price and price risk responsive;
¢ Examine the subaggregate and selected individual crop supply response of Nigerian

agriculture to price and price risk; and
¢ Evaluate the impact of structural breaks on Nigerian agricultural supply response.

The main hypothesis is that the inclusion of risk in Nigerian agricultural supply
response will not reduce farm output. The main body of the study comprises an
econometric model of the agricultural markets over the period 1970 to 2003. This span
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of years covers the period of effective CMBs (1970—1985) and the SAP era (1986-2003).
Modelling is via Nerlovian dynamic expectation and Just (1974) risk models as embodied
in the theory of cointegration. The models are estimated for aggregate, subaggregate and
individual crop data. The results permit estimates of both short-run and long-run supply
elasticities in the agricultural markets.

The paper proceeds as follows: Section 2 provides a brief overview of the Nigerian
agricultural sector and an outline of major policy changes during CMB and SAP
stewardship so as to establish the institutional backdrop for the theoretical discussion
of Section 3 in which the economic model is formulated. Section 4 applies time series
data to the model to quantify relationships and behaviour using appropriate techniques.
Finally, Section 5 presents the implications of the results.



2. An overview of Nigeria’s agricultural
sector and market policies

significantly to the country’s economy. During this period (1961-1970),

agriculture accounted for an average of 56.6% of the nation’s foreign exchange
and more than half of the gross domestic product (GDP) (Idachaba, 1994; CBN, 2000).
Given this substantial contribution, agriculture to a large extent dictated the pace of
growth and development of Nigeria’s economy. There is consensus that the sector was
a source of economic stability during this period because of its positive contributions to
foreign exchange earnings, rural employment and urban development (Helleiner, 1966;
Adamu, 1970; Oyejide, 1990; Kwanashie et al., 1998). The sector was also the main
source of income for farmers.

Favourable world markets for the main cash crops (cocoa, rubber, groundnut, palm
oil and coffee) activated local production and marketing, which helped to maintain a
large measure of rural-urban equilibrium and provided the bulk of the capital Nigeria
needed for development. The main capital contributions were taxes imposed on export
crops and the accumulated surpluses of the state-run marketing boards. Perhaps more
important to national development was the contribution of the sector to the supply of
foreign exchange needed for acquisition of capital goods for industrial and general
infrastructure development. The sector was a major source of support for Nigeria’s early
attempts at industrialization via provision of raw materials for processing.

The positive role of agriculture was not sustained in the 1970s and early 1980s because
of the emergence of a virile petroleum sector. Thus the agricultural sector saw its share
of foreign exchange earnings shrink to less than 15% annually between 1971 and 1985
(CBN, 2002) (Table 1). Other reasons for the decline — apart from the marginalization
of agriculture because of the huge petroleum earnings — include unwholesome activities
of the Nigerian marketing boards between 1978 and 1986, irregularity in the supply of
production inputs, and unstable global and domestic prices (Evbuomwan, 1996). Two
major danger signals of the decline were the inability to meet the raw material needs
of primary processing industries and the loss of competitive position in the production
and export of the commodities.

Table 2, showing the contribution of the agricultural sector to GDP, reveals that the
share has been below 50% since 1970. The sector contributed 48.6% between 1970 and
1974, the share fell to 30.3% between 1975 and 1979 but rose to 37.7% between 1980
and 1984 and then to 40.9% during 2000-2002.

B efore the crude oil era of the 1970s, Nigeria’s agriculture sector contributed
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Table 1: Contribution of Nigeria’s agricultural sector to foreign exchange
(1970-2002)

Period average Total export Agricultural export
Agricultural

(Million Naira) (Million Naira) export
(%)
1970-1974 2,326.4 297.6 12.8
1975-1979 7,193.1 410.0 5.7
1980-1984 8,323.0 622.47 7.47
1985-1989 5,691.0 8,314.0 5.6
1990-1993 163,949.5 3,086.6 1.8
1994-1998 4,459,783.5 163,372.0 8.6
1999-2002 1,292,052.6 20,695.5 1.6

Source: CBN Statistical Bulletin.

Table 2: Contribution of Nigeria’s agricultural sector to GDP 1970-2003

Period Annual total GDP (N billion) Share of agric in GDP
(%)

1970-1974 58.2 48.6
1975-1979 73.7 30.3
1980-1984 68.6 37.7
1985-1989 74.4 41.3
1990-1994 96.7 38.3
1995-1999 109.9 47.3
2000-2003 123.0 40.9

Source: CBN Statistical Bulletin and various bulletins.

In terms of policy intervention, agricultural marketing in Nigeria has passed through
two major policy regimes — the CMB and the SAP. A third would have been the emerging
commodity exchange and futures market, but the exchange is still in its infancy. At
present its activities remain at a low ebb and greater awareness is needed for it to be
fully operational. Hence this section reviews CMB and SAP.

After the Second World War in 1947, the Nigeria Produce Marketing Board (NPMB)
was established as the sole buyer of all commodities produced for export. The board
determined the purchase prices under the approval of the central government. However,
the Nigerian Produce Marketing Company Limited incorporated in the United Kingdom
handled overseas marketing.

In 1954, regional marketing boards were established to handle marketing in various
regions, while the Nigerian Central Marketing Board was set up to act as an agent of the
regional marketing boards, handle export sales and shipping of produce, establish and
control quality and grades, and purchase from regional boards. In 1957/58, the NPMB
and Nigerian Produce Marketing Company Limited registered in Lagos became effective.
Overseas buyers could then purchase commodities on either c.i.f. or f.0.b. basis. The
London office was closed in 1962/63 and all sales were conducted from Lagos on a net
price basis. The regional marketing boards with their statutory powers and duties became
responsible for the marketing of major export crops. They appointed licensed buying
agents, fixed prices and established a crop stabilization fund from their reserve funds.
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In 1973, following a period of low world market prices for major primary commodities
—cocoa, coffee, palm kernel, rubber and groundnut — the federal government introduced
legislation providing for central control over the pricing and the financing mechanism
of export crops. A technical committee on producer prices was established to advise the
Head of State.

When 19 states were created in 1976, the government did not believe that it was
desirable to create a marketing board for each because of expensive overheads, wastage
and duplication of efforts. Hence, the existing marketing boards were reorganized into
a price fixing authority and seven commodity boards, which operated on a nationwide
basis and cut across state boundaries. Unlike the marketing boards, whose major objective
was to market Nigeria’s agricultural products overseas, the main objective of the 1976
reorganized commodity boards was to encourage the production and organize the
marketing of major agricultural commodities for local consumption and local processing.
The emphasis was on rendering maximum benefit to the farmers and satisfying home
demand, including the need to process the country’s raw materials before export. The
seven commodity boards were the cocoa board, which is also responsible for coffee; the
groundnut board, which also looked after soybean, beniseed, sheabutter and ginger; the
cotton board, which also deals with kenaf and similar fibres; the palm produce board,
which deals with palm oil, palm kernel and copra; the rubber board; the grain board,
which handles all food grains; and the root crops board, which deals with tubers and
root crops. The reformed boards covered the key food crops as well as traditional export
crops. Each of the boards provided a guaranteed minimum price at which the farmers
sold to the boards. Farmers and plantation owners were free to sell to local processors,
however, without going through relevant boards.

With respect to mode of operation, the boards appointed licensed buying agents
(LBA) — companies, individuals or cooperative societies — to purchase, bag, store, grade
and transport commodities to the boards’ port stores. The respective state ministry of
agriculture and natural resources produce department inspects, grades and certifies the
produce before it leaves the LBA stores. The boards publish annually the list of LBAs,
their functions, responsibilities, grades, transport cost, handling instructions, annual
price and buying allowance payable to the LBAs.

In spite of the laudable aim of these boards, it has been found that none of them
satisfied the objectives for which it was set up. The weight of academic and policy maker
opinions (Olatunbosun and Olayide, 1972; Olayide et al., 1974; Edache, 1994; Idachaba,
1994; Oyinloye, 1999) is on the fact that the marketing boards have not succeeded in the
primary objectives of stabilizing either the price of commodities or the income of food
and export crop producers. The main problems of the marketing boards were found to be
shortage of skilled management, scarcity of data on commodity production, inadequate
material funding, bureaucratic sludge and low prices paid to farmers. The greatest problem
is that the marketing board concept constituted a disincentive to effective pricing of
agricultural commodities. Farm incomes were low and could hardly support reasonable
expansion of” production in terms of area and yield.

The introduction of the SAP in 1986 ushered in the dissolution of all the marketing
boards and the introduction of a free market pricing policy. Many people became
registered as exporters with each of the state ministries of agriculture and the Nigerian
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Export Promotion Council. The exporter selects buying agents and registers them with
the appropriate ministry of agriculture produce department. Once done, they become
LBAs to the exporters. In the new arrangement, government has no business setting prices
of agricultural commodities. Interaction among exporters, their LBAs and producers
determines prices of export crops, while domestic market demand and supply determine
the price of food and fibre crops.

The agricultural sector grew at a rapid rate following the introduction of the SAP
and the liberalization of both internal and external markets. Producer prices that were
formerly fixed at low level by the technical department of the marketing board were now
purely market determined. The free market pricing policy led to increased agricultural
production as well as nominal income of the farmers.

At individual crop level, economists (Oyejide, 1990; Ajakaiye, 1987; Kwanashie et.
al., 1998) agree that SAP has led to increase in production of agricultural commodities.
For all the commodity aggregates considered in the SAP era, an increase in per capita
production is recorded when compared with production during the CMB era. The greatest
increase was observed in root and tuber crops (Figure 1).

Figure 1: Institutional change and per capita production at subsector level

CHART 1: INSTITUTIONAL CHANGE AND PER CAPITA
PRODUCTION AT SUB-SECTORAL LEVEL
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The leading role of Nigeria in cassava production is evident from Figure 2. Next to
cassava was yam, which recorded an increase in average production from about seven
million tonnes in the marketing board era to 20,000 metric tonnes in the post-marketing
board era. Production of other root and tuber crops, such as sweet potatoes and cocoyam,
1s still at a low ebb, however.

Similarly for grains, a sizeable increase in production was observed with the change
from the market stabilization policy of the CMB to the liberalization policy of the SAP
era. The average production during the marketing board era was about one million
tonnes, but by the end of 2003, the average production during post-marketing board era
stood at about 5.5 million tonnes. The greatest change is observed for maize, followed
by sorghum and rice, respectively (Figure 3). Although wheat is a major ingredient in
bread, its production is still insignificant when compared with its demand. Government
is experimenting with the use of cassava as an alternative bread flour given the surge in
its production in the post-marketing board era.
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Figure 2: Institutional change and production of root and tuber crops

Chart 2 : Institutional change and production of root and
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Figure 3: Institutional change and per capita grain production

CHART 3 : INSTITUTIONAL CHANGE AND PER CAPITA GRAIN PRODUCTION
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Export crop production in the aggregate showed a rising trend. Both during and since
the marketing board era, the production of oil palm is the highest. One could say that this
will return to its former position in global export of palm oil products, although this is still
far from reality as local consumption greatly exceeds production. The production of cane
in the aggregate was the same in both marketing and post-marketing board eras, while
the production of cotton, cocoa, cashew and rubber changed only slightly (Figure 4).
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Figure 4:Institutional change and per capita production of export crops
CHART 4: INSTITUTIONAL CHANGE AND PER CAPITA PRODUCTION OF EXPORT CROPS
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Given increased production, the expectation of policy makers is that market
liberalization would make prices stable since the opening up of markets would mean that
a greater number of consumers and producers would adjust their demand and supply to
shocks, thereby reducing adjustment in prices. A greater matter for policy consideration
is that the trend does not signal increased stability, as will be shown later. Two effects
need to be considered here:

4 The focus of production will shift from crops with a high level of protection to those
whose costs are relatively low. If production is unstable in the latter, the overall
variability in production will increase and vice versa.

4 As government removes price supports with liberalization, it seems the private sector
has not fully replaced the role of government. The resultant effect of price instability
will continue as long as production does not meet demand. This may be the greatest
problem the emerging commodity exchange in Nigeria faces if market instability is
not sufficiently reduced.

The new arrangement under SAP has considerably increased the private sector’s role
in agricultural product marketing. More people with little or no technical know-how
about quality control have entered the marketing arena, however, while production is
still largely in the hands of peasant farmers who depend on fragmented landholdings and
low input/output technology. Another problem of the SAP in agriculture is the unstable
demand and prices of agricultural products. The pricing of the crops is set by demand
on both domestic and global markets. The global markets, coupled with economic
inefficiencies of agricultural commodity producers, increase producer risks. During
the stabilization policy era they were price takers, but they now have to contend with
price risks as well as production uncertainty. This study attempts to model their supply
response by incorporating a risk variable.
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3. Conceptualizing the Nigerian
agricultural market

section highlighted the key instruments of regulation. Here attention is focused

on the impact of the regulatory mechanisms on the supply behaviour of producers.
During the marketing board era, when prices were fixed and technology subsidized, the
traditional production function approach took prices and technology as given (without
risk), in which case profit maximization would be the appropriate expression of producer
behaviour. In the SAP period, prices are determined by demand and supply relationships
in an imperfect market and technology is no longer subsidized. The need arose therefore
for incorporating risk considerations (technical uncertainty and market risk) into the
appraisal of supply response through estimation of expected loss. The guiding hypothesis
is that inadequate treatment of risk has been a major factor accounting for the discrepancy
between actual and predicted (profit maximizing) national or individual production and
income in other recent studies (Kwanashie et.al ., 1998). Given the specific risk framework
to be developed, it is hypothesized that farmers’ operational decisions are more consistent
with utility maximization than with profit maximization. These hypotheses are considered
in modelling supply response in the context of regulatory mechanisms in Nigeria.

B y documenting the evolution of Nigerian agricultural market policy, the preceding

Creating a supply response and risk model

S upply response seeks to explain the behaviour change of producers with respect to
the production, consumption and exchange decisions for a certain product or a set
of products arising from changes in economic incentives. Rational price sensitivity
on the part of producers would presuppose desirable responses to changes in prices.
Conversely, insensitive producer behaviour is construed as insignificant or lacking output
responsiveness despite notable changes in prices. Abolition of the marketing boards
and liberalization of the agricultural markets are hypothesized to increase the nominal
effective protection of the farmers even as the ratio of domestic price to border prices
increases. Also, the removal of legislation on minimum staple food prices and various
tax reforms to discourage importation of some food items aim at increasing indigenous
production of the crops. The producers’ intention and their actual performance can
be measured by either actual production or area actually cultivated with a particular
crop or aggregates. Since producers’ decision behaviour could be approximated by the
amount of effort they are willing to put into (or withdraw from) the production process,
the size of the area worked could be a proxy for their expected output rather than the
actual harvest in defining a response to economic incentives. The starting point in the



modelling is the selection of either the amount of production or the size of the cultivated
area as the dependent variable.This study tried both.Given the heterogeneous nature
of agricultural production, the response of different producers to market stimuli will
vary quite widely. It is well known that the opportunity costs of production are not
necessarily equal across all farms, thus modelling response to change in the aggregate
only will tend to mask these differences. To measure the response exactly would require
highly detailed disaggregated cost data that are typically unavailable. To circumvent
the data problem, it is common in the empirical literature to adopt a reduced form
representation in preference to a fully specified formulation. The ease and tractability
of the reduced form is exemplified by the popularity of the partial adjustment adaptive
expectation dynamic model developed by Nerlove (1958) in which the dependent
variable is determined by lagged price, lagged dependent variable and other variables
such as price of competing crops. Following Nerlovian (1958, 1979) traditions, with
specific forms to be determined on the basis of a priori theoretical considerations and
particular circumstances, the general supply response model can be presented as:

a =
QI = '11 +{I'2‘P: +E(I"BJXI +E‘: (1)

where O is desired level of output; P* is a vector of expected level of prices and X,
represents the set of non-price factors; a’s are parameters with a, being the long-run
coefficient (elasticity); and e, accounts for unobserved random factors with zero expected
value. The Nerlovian models are constructed to handle two dynamic processes, adaptive
expectations and partial adjustments, thus:

0,-0,, :5{'@: —0,,)+V,
0<d <1 )

where ¥ is the partial adjustment coefficient and Vi is a random term. Specification of
a model that explains how price expectations are formed based on differences between
actual and past prices assumes:

P =P =y, —F))+o 3)

where ! is the adaptive expectations coefficient and ®is a random term.
Assuming that producers make their planting decisions according to their knowledge
about prices that prevailed immediately the preceding period, then:

fr=hia @

Substituting equations 1 and 4 into 2 would eliminate the unobservable variable (

Qu’

') to yield a structure that describes dynamically a supply response model for which

10
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parameter estimates can be obtained using either maximum likelihood procedure or least
squares technique on an equation of the reduced form (Askari and Cummings, 1977; De
Janvry and Sadoulet, 1995) such that:

0,-0,, =y(o, +a,P_ + Eath +&,-0,,)+v,
=ya, +yo, b + 2}’053,-)(;, 70, +YE, +V, (5)
O, =B+ B, P, + 2 B X + B0, + 1,

where,

By =B, =ay.B; =asy: B, =1-vyiandu, =ye, +v, ©6)

Hence 1 =Bilviay =P, /yiy =1-Pyetc

Short-run and long-run elasticities could then be derived from these relations as
follows. In the linear form of the equation, short-run and long-run price elasticities are

given, respectively, by 8,(P/Q ) and ( B ,/ B )(P/Q) where P and Q are mean values of

prices and output, respectively. In the log-linear form of the equation, 3, and (/3 2 1Y)

would directly measure short-run and long-run price elasticities, respectively (Askari
and Cummings, 1977; Berhman, 1968; Sharma, 1992 ; De Janvry and Sadoulet 1995 ).
The price elasticity is expected to be positive. That of non-price can either be positive
or negative.

Issues in application

eterson (1979) argues against using time series data in estimating long-run elasticities

because only short-run year-to-year fluctuations are observed. McKay et al. (1998)
opined that the output response to annual fluctuations is likely to be small (even after
full adjustment) because farmers will respond strongly to price changes only if they
are perceived to be permanent. This means that long-run elasticity estimates from time
series data are biased downward. Similarly, Schiff and Montenegro (1995) argue that
time series estimates are subject to the Lucas critique. The long-run supply response to
prices is properly evaluated when the transition to a new price regime is detected. The
values of the parameters estimated from time series data are specific only to a given
policy regime, so one cannot forecast the impact of a policy reform. Although this is
strictly true, long-run elasticities derived from time series analysis are at least indicative
and while forecasting may not be done, inference can be drawn. If there is evidence of a
long-run response, reforms that enhance the ability of farmers to respond — and increase
the positive incentives to do so — may increase the long-run price elasticity further, thus
promoting increased growth in agricultural output.
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In time series analysis of a single commodity, the main difficulty lies in selecting the
correct data. Apart from identifying the correct output measure (planted area, marketed
production crop yields, etc.), researchers must determine which (relative) price variable
should be used and the choice of deflator — consumer price index, input prices, other crop
prices, etc. (Askari and Cummings, 1977). For example, if farmers formulate their price
expectations using relative prices and yet an absolute price is used in estimation, results
may incorrectly present farmers as not being responsive to price. Estimating aggregate
supply response alleviates some of these problems. At an aggregate level, a major problem
relates to the method of indexation (Colman and Ozanne, 1988). Typically, studies of
aggregate supply response use the Laspeyres index. There are reservations about this
index, however, and the divisia index has often been proposed as a better alternative
because it uses weights from both the base and the comparison period. In situations
where the weights (output shares of the different commodities) have changed little over
the period considered, there should not be any significant divergence in the value of the
two indexes and the choice of the index is not so critical.

Another essential theoretical issue is the formulation of the price expectation and Xs
(non-price factors) to include. Many authors use some distributed lag to capture price
expectation, but the lag structure may vary from crop to crop. In general, perennial crops
may have longer lags then annual crops. Xs include variables describing marketing, credit,
mechanization, land reforms, irrigation, weather and soil quality. In the Nerlovian model,
weather (rainfall) and a time trend capturing structural change or advance in technology
seem to be the favourites.

Another contentious issue in specification is the incorporation of risk variables.
Although the economic consequences of instability in agriculture are not universally
agreed upon, there is general recognition that risk does influence farmers’ production
decisions. If expectations are uncertain, a farmer’s goal will generally not be profit
maximization in the traditional sense but to obtain a maximum return in terms of income
and safety. If risk does in fact have an important influence on farmers’ production
decisions, inclusion of variables representing risk in aggregate supply response models
may be desirable in order to predict production more accurately, to improve estimates
of other parameters in the model and as an aid in quantifying the impact of government
policies that affect uncertainty as well as price. To date, few studies have focused on
the econometric approach to risk response behaviour at both aggregate and individual
levels. The traditional Nerlovian approach to analysing decision making by farmers
has been concerned with the effect of price expectations formulated from past prices.
The producer was assumed to maximize expected profit. For three decades, researchers
(Just, 1974; Traill, 1978; Fu et al., 1986; Lin, 1992; Ghatak and Seale, 2001a/b) have
incorporated risk into supply response using various formulations of risk to explain the
variability of decision variables.
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The concept of risk

he concept of risk as it affects behavioural decision making originated from the

principle of Bernoullian expected utility, that is, the producer was assumed
to maximize expected utility from profit (or other outcomes) rather than expected
profit. According to Young (1979), it has been assumed by empiricists either that the
underlying utility function was quadratic or that profit is normally distributed, yielding
the function of mean and variance only. Hence, variance or standard deviation becomes
that appropriate measure or risk. An increase in risk will have a negative effect on
expected utility since farmers are generally recognized as being risk averse. Ostensibly,
risk could have some influence on farmers’ supply response through expected utility.
Empirically, risk is measured as the difference between the expected and actual prices
using geometric distributed lags on past prices to measure expected price (Just, 1974).
Other measures include a moving standard deviation of past prices (Behrman, 1968) and
Almon (polynomial) distributed lag formulations (Traill, 1978; Lin, 1992). The results
of Just, (1974), Traill (1978) and Lin (1992) indicated the importance of including risk
variables in supply analysis. In this study, the Just (1974) geometric distributed lag risk
model with subjective quadratic risk variables is adopted to estimate the response of
output supplied by Nigerian producers of agricultural commodities. The reduced form
of the traditional Nerlovian partial adjustment and adaptive expectation dynamic model
is used for comparison.

Given the summary of the Nerlovian model in Equation 5 as model 1, then:

Q =B +p,F + Zﬁ.ﬁXﬁr + B0, + 1, (model 1) (7)

The second model follows Just’s (1974) risk model for which the risk variable is
formed by geometrically weighting prices.

Q.« = ﬁl + ﬁ:‘p:-] + zﬁ.‘h‘Xﬁr + n64Q:-| + nSﬁPVf: + U, (model 2) (®)

where

Wy =03 1-0)' (B =P
=120 k=002 =) 9)

P, X, Q. and u are defined as before, while W, is price risk of crop i in year ¢
(the decision maker’s subjective evaluation of the price of crop i in year ¢). o is the
geometric weighting parameter generated from a maximum likelihood search procedure

using historical period data. (1- I‘T)k is historical subjective risk associated with price in
year ¢.

It would seem plausible to make a distinction between uncertainty and instability
here. Unstable prices, if known in advance, would not be uncertain and so would not
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induce any risk averse reaction. Uncertainty arises only from a divergence between
actual and expected outcomes.
The hypothesis tested from the risk model is:

I
"'1:Decisions are not significantly affected by subjective variance of prices of agricultural

products

Just’s (1974) solution to the problem was to define geometric lags on both prices and
risk where risk is defined in terms of squared deviations between actual and expected
prices and estimated via a two-dimensional maximum likelihood search over the unknown
parameters. Berhman (1968) dropped any relationship between price expectations and risk
in specifying the risk variable to be a moving standard deviation of past prices, that is,

f I Frel N . 5
E P=ip, ;)
Vm—14

where m is the number of observations. He prespecified the weighting parameters as
all being equal and specified risk in terms of total variability instead of the unexpected
variability in prices. This allows direct estimation of Equation 6. Traill (1978) developed
an iterative estimation technique where OLS cannot be applied.

For simplicity, only price risk is considered in this study. Yield risk may fairly readily
be added either as a separate variable or combined with price risk to form a revenue
risk. But for most crops and aggregates considered in this study, yield has been fairly
stable relative to prices. In the few cases where it is considered, it does not improve the
empirical results.

Time series problems

Last but not least, the Nerlovian approach used OLS to estimate the dynamic
specification of the supply response. This means that the estimates of aggregate agricultural
supply response are based on the assumption that the underlying data process is stationary. Most
economic variables including agricultural time series tend to be non-stationary, however; i.e.,
their first two moments, means and variance are not constant. Using OLS with non-stationary
variables may result in spurious regressions (Granger and Newbold, 1974). To ensure stationary
variables, the equation could be reformulated in terms of differences, but this loses important
information conveyed by the levels, such as information on long-run elasticities. To avoid
this problem, cointegration analysis can be used (Banerjee et al., 1993). When combined with
error correction model (ECM), it offers a means of obtaining consistent, yet distinct estimates
of both long-run and short-run elasticities. Hallam and Zanoli (1993), Townsend and Thirtle
(1995), Abdulai and Rieder (1995), and Townsend (1996) have used cointegration analysis
and ECMs to estimate supply response at a commodity level on the basis that these approaches
are preferable to the traditional Nerlovian dynamic model.

The dynamics of supply in the Nerlove model is driven by the partial adjustment
hypothesis that farmers move closer to their equilibrium position by some fraction each
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year. When variables are cointegrated (I, 1) there is a general and systematic tendency in
the series to return to their equilibrium value; short-run discrepancies may be constantly
occurring but they cannot grow indefinitely. This implies that the dynamics of adjustment
are intrinsically embodied in the theory of cointegration, and in a more general way
than encapsulated in the partial adjustment hypothesis. The Granger representation
theorem states that if a set of variables is cointegrated (1,1), implying that the residual
of the cointegrating expression is of order I(0), then there exists an ECM describing that
relationship (see Appendix A).

The empirical model
eginning with the Nerlovian partial adjustment and expectation dynamic model

(7) and the risk model (8), the cointegration relations (10 to 13) are estimated using
aggregated, subaggregated and individual crop data are as follows:

Model 1 (the Nerlovian model)

This can be written as:
— £
A(L)Q,=B(L)P, + C(L)RER + = for output response (10)
_ £
A(L)A, = B(L)P, + C(L)RER + = for acreage response (11)
Model 2 (the risk model)

And this is designated as:
A(L)Q,=B(L)P, + C(L)RER +D(L)W + Et for output response (12)

A(L)A, =B(L)P, + C(L)RER + D(L)W + Et for acreage response (13)

where O, 4, P, RER , and W, are total production, acreage, own price, real exchange rate
and price risk, respectively. A(L), B(L), C(L) and D(L) are lag operators of order 1 to 4,

while Et is the error term. In the results AL, EL, GL, TL, PL, COL, CVL, CWL and ML
are added to the variables as prefix for aggregate, export, grains, roots and tubers, pulse,
cocoa, cassava, cowpea, and maize. The variables are all logarithmic transformations of
the first difference apart from price risk. If significant, a trend is included in the equation
before testing for cointegration (see Appendix A).

The analysis

The analysis begins with examination of the time series properties of the variables used
in this study. These properties are investigated and their order of integration determined
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using the Augmented Dickey Fuller (ADF) unit root test. The ADF regression takes the
form:

M::ED+BLX:—1+EIEMt—J+H (14)

where X represents the individual explanatory variable at time ¢ A indicates the difference term.

The test is against the null hypothesis, Ho: B ,=0. Rejection of the null hypothesis suggests that
the series is non-stationary and has to be differenced at least once in order to make it stationary.
The ADF test is performed by including up to four lag lengths (Dickey and Fuller, 1979 ).

If Ho cannot be rejected, then X contains a unit root and hence it is not stationary. Ifits first
difference is then tested and found stationary, X, is I(1). If not, X needs to be differenced further.
Given that X is I(1), the analysis proceeds to test for cointegrating relationship. As producer
prices are generally fixed and announced by the Nigeria government before the harvesting
season, aggregate producer price is likely to cause agricultural production and not vice-versa.
Without running tests on causality, we can reasonably assume that Q or 4, is the dependent
variable. Against this background, the analysis proceeds thus: First the dynamic specifications
of the model in equations 12 and 13 were estimated. Next is the ADF and Johansen test for
cointegrating relations (see Appendix A). Then, where cointegration exists, ECM is estimated.
If not, the analysis continues with ADL modelling of the supply response.

Test for structural break

To test for structural break the study adopts Perron (1989). The main concern of Perron
(1989) is to determine whether structural breaks in a “trend-stationary” series may reverse a
failure to reject the null hypothesis of a unit root, i.e., a random walk with possible non-zero
drift. In testing for stationarity, Perron includes a trend shift dummy variable and tests for its
significance. In essence, it is a Phillips—Perron unit root test with the inclusion of dummy
variables as well. While there are other methods to test for structural breaks (such as the Chow
test or other recursive residual regressions) that can be run, these tests don’t properly address
the unit root question.

The Perron procedure also has its drawbacks. While a Chow test systematically, and with
no prior assumptions, tests for the presence of a structural break at each observation, the
Perron procedure is explicitly conditional on the date of the posited break. A test that could
simultaneously check for the date of possible structural breaks and one in which the trend-
stationary/difference stationary question is answered would be ideal, but alas, it has not yet
been developed. For the purposes of this paper, however, the technique is sufficient because we
are interested in testing for the a priori belief that a shock occurred in 1986. While Perron tests
for three possible kinds of breaks —a “crash”, a change in the growth trend and a combination
of both — the response variables and price series seem to exhibit possible changes in growth
trends, and so the structural break tests will be of Perron’s Model (A), the “changing growth”
model. The regression equation is of the form:

&
Y, =u+Breysap, +ay,, + Z Ay, +€,
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where  is the intercept term, R is the linear time trend coefficient, ¥is the coefficient for
sap where sap = ¢-Tb if t>Tb and 0 otherwise. 7b refers to the time of the break where 7b
is the number of the observation at that break. The summation term contains the relevant
number of lagged difference terms. Estimation and interpretation of this equation for

each of the variables in question is the ultimate goal of this section. Significance of ¥
and * is of particular importance. A significant ¥ coefficient indicates the presence of

a structural break and change in trend of the variable. An % significantly close to one
indicates the presence of a unit root, i.e., the series is difference stationary rather than

trend stationary. The hypothesis is that many series may have an % close to one in a
normal ADF test with an intercept and time trend, but that when a shift parameter is

included and is significant, the * term may no longer be significantly close to one.

Variable measurements

Beginning with own price effects, this section looks into the techniques for measuring
the variables in question. The other variables are real exchange rate effects, risk effects,
stock adjustment effects and institutional effects.

Own price effects

The price and quantity indexes were constructed using a Laspeyres formula. The
Laspeyres price and quantity indexes may be expressed as:

;Jl“:_)ll
p= EZP{) 00
n=A (15)

L ;

240, (16)
where P, is the price index and Q is the quantity index.

The period covered is 1970-2003 with indexes benchmarked to 1985
(Q,=P,=0,,5s=P ,,5s=100). The quantity indexes are expressed per capita (dividing by
an index of total population) and the price indexes are in real terms. To achieve this, the
producer prices were deflated by the consumer price index (CPI). The commodities in
the indexes are cocoa, cassava, maize, and cowpea representing export, roots and tubers,
grains, and pulse crops, respectively. These crops are the most widely grown of each
commodity aggregate in Nigeria.

The coefficient of own price is expected to be positive. During the CMB era, prices
were set and announced after planting. A major objective of the board was to operate
a year-to-year smoothing of the producer prices. Assuming impossibility of smuggling
produce in from or out to neighbouring territories, the price formation model was
hypothesized to be naive (4).



18 RESeEARcH PAPER 197

Real exchange rate effects

Real exchange rate is included to stress the importance of Dutch disease in the Nigerian
economy. The seeming relationship between the exploitation of crude oil and the
decline in agricultural sector stimulated the devaluation of the nation’s currency in 1986
(Osuntogun et al., 1993). The basis is that increased oil revenue makes other sectors,
especially agriculture, less competitive. The oil boom has two major effects on the
agricultural sector: a shift of national expenditure to the oil sector and a downturn in
the prices of agricultural commodities. Since there has been less technological growth
in Nigeria’s economy, its comparative advantage in agriculture began to shrink. Other
harmful effects of the Dutch disease in Nigeria include corruption and protectionist
policies such as the CMBs, which adversely affects the agricultural sector.

One of the ways employed in Nigeria to reduce the threat of Dutch disease is
slowing the appreciation of the real exchange rate and boosting the competitiveness of
the agricultural sector as embedded in the SAP. According to Obadan (1997), a central
issue in SAP is the removal of distortions in the economy that have prevented proper
allocation of resources. As part of the measures taken under SAP, trade was liberalized,
price controls and import licensing were removed, and exchange rate reforms were
introduced. The policy resulted in consistent depreciation of the nation’s currency against
other convertible currencies. This was supposed to lead to expenditure switching and
production of tradeables, higher export but lower imports, and an improved external
payments position for the country.

Several researchers have examined the effects of the exchange rate policy on
agricultural and manufacturing sectors in Nigeria. Ojo (1978), Osagie (1985) and Ajayi
(1998) discovered that exchange rate devaluation is stagflationary and has no significant
effects on external trade. Ajilima and Agba (1986) looked at the impact of floating
exchange rate on non-oil export and concluded that foreign exchange market liberalization
will not be able to enhance non-oil exports because the problem is not that of low price
per se but of stagnation of production, especially in the agricultural and manufacturing
sectors. Kwanashie et al. (1998) investigated the time path of non-oil exports in order to
identify their response to liberalization policy in Nigeria and discovered that it has not
had any impact. Taiwo (1990) investigated the determinants of non-oil export in Nigeria.
He disaggregated non-oil export into two categories — agriculture and manufactured. The
supply function had three arguments — relative prices, capacity output and oil revenue.
The first two were positively related to export supply, the third had an inverse relationship
to confirm the existence of Dutch disease in the Nigeria economy. Other literature on
Nigeria’s Dutch disease includes Oyejide (1986), Pinto (1988), Osuntogun et al. (1993),
and Ekpo and Egwakhide (1994). Most of these studies were static in nature, thus this
study proceeds to give dynamism to the relationship between real exchange rate and
agricultural production in Nigeria at individual crop level. For the export crop (cocoa),
the nearest competitive crops are the food crops, maize, cowpea and cassava.

In order to facilitate discussion on the Dutch disease in the Nigerian economy, the
following purchasing power parity (PPP) theory condition is adopted in this study:

RER = NER*PF/PD
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where PF is a foreign price using the indexes for world price (WPI) and PD is the domestic
price measured in real terms. It is expected that the movement of the real exchange rate
would capture the substitution effects both in production and consumption (between
traded and non-traded goods such as export crops and food crops or between food
imports and domestic production). It is difficult to make an assumption about the signs
of the coefficient, since the impact of changes in real exchange rate would be mixed for
exportable cash crops and food imports. For example, it might assume a negative sign
as the real exchange rate appreciates, leading to an improvement in the competitiveness
of export crops (making exports cheaper abroad), but the same movement would make
food imports more expensive domestically.

Risk effects

Only price risk is considered because yield is fairly stable. The observation on price risk
is measured as the square deviation of the expected price from the actual price (7). The
coefficient of the risk variable is expected to be negative.

Stock adjustment effects

Quantity supplied in the last crop year was used as a proxy for stock adjustment.

Institutional effects

To capture the effects of the regime change, dummy variables (both additive and
interactions with relevant explanatory variables where the slope may change between
the CMB and SAP periods) are introduced. Denoting the dummy variable by D, with D
being the dummy for the structural adjustment in Nigeria, then D = 1 if t > year 1986
and 0 if t < year 1986.

Time series properties

Results of the unit root test are given in Appendix B (Tables B1 and B2). For the
national aggregate data, the hypothesis of a unit root cannot be rejected at the 5%
level except for price risk (). On the other hand, when the first differences are tested,
the null hypothesis can be rejected at the 5% level. In the case of aggregate export crops,
none of the variables are stationary at level price risk (W). All the variables, however,
are stationary after the first difference, hence I(1).

Quite similar results are obtained in the case of aggregate grains, tubers and pulse.
At levels, the hypothesis of a unit root cannot be rejected except for price risk (#). They
are all stationary after the first difference, however. A similar result is obtained in case of
individual crops. They are all stationary after the first difference.

The results of the Phillips—Perron test of structural break are summarized in Appendix
B, Table B3. There are reasons to suspect that SAP significantly affects output and price
of agricultural commodities in Nigeria at both aggregate and specific crop levels. The
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structural dummies are significant in both. Rejection of the null is difficult, perhaps because
of the relatively small samples.

Basically, the presence of I(1) variables implies that most if not all test statistics will
have non-standard distributions. Thus, one cannot automatically refer conventional test
statistics to the standard t, N(0,I), F or chi-square tables. From Johnston and Dinardo
(1997), we know that if in a reparameterization, a subset of parameters can be expressed
as coefficients of mean-zero, 1(0) variables, then conventional tests on that subset are
asymptotically valid. Two things are feasible for estimation: (a) reparameterization can
be carried out and the parameters estimated and tested by applying OLS; (b) We can test
for a cointegrating relationship between the corresponding dependent variable and the
sets of explanatory variables for national, aggregate and individual crops. The latter is
considered in this study since reparameterization may weaken economic interpretation
of the coefficient estimates.

The results of the test for cointegration are summarized in Appendix B (Table B3).
The ADF tests were applied using PC-GIVE and the trace and eigenvalue tests using
PC-FIML. There is no cointegrating relationship for grains, roots and tubers and maize
supply response functions.
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4. Empirical results and analysis

price risk was not included in the model. For all other groups and individual

crops, the analysis involved estimation of an error correction model. Results for
the total price series, export crop price series, grain price series, pulse price series and
tuber price series are shown (Appendix C, Figures C1-C5, respectively).

F or grains, roots and tubers, and maize, ADL modelling was carried out even when

The response variable: Trends of cultivated area,
yield and production

tis important to inquire whether the relationship between production and area cultivated
can satisfy the foregoing discussion. That is, how could the problem of choice of
dependent variable be resolved in the Nigerian context? The growth rates of the three
variables and how they move together is depicted in Figures C6 to C10 in Appendix C.
The rate at which output, yield and acreage grew at national level is presented in Figure
C6. The figure shows that in the pre-SAP period the rate grew slowly but was stable
compared with the growth in the first decade of the post-SAP period (1987-1997). This
has been attributed to abolition of NCB, which reversed prices of good set that has been
traditionally low (Idowu, 1986; Adegeye, 1986; Ajakaiye, 1987; Oyejide, 1990; Alimi
and Awoyomi, 1995). The rate of growth slowed down tremendously in 1999 partially
because of the political transition from a military to a civilian regime, but mainly because
the momentum to reform agricultural prices appeared to have run out of steam as the rate
of growth did continue to be slow but not stable even after the 1999 experience. Although
Nigerian agriculture could still be said to progress quite well at aggregate level following
the inception of SAP in 1986, acreage and yield did not grow along. In fact, in some years
sown acreage actually declined Appendix C (Figure C6). Hence a substantial increase in
production must occur by increasing yields through more intensive use of technology.
At the subaggregate level, the rate of growth followed the pattern of the aggregate
except for tubers (Figures C7 to C10). Acreage and yield did not grow at the same rate as
output and the rate of growth in the first decade following introduction of SAP was much
faster than the rate in recent time. Generally, the exact role of the SAP pricing incentive in
maintaining increased production and supply needs closer observation. There is therefore
a need to capture not just the effect of price changes but also the impact of price risk.
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Generally, going by Figures C6 to C10, the major source of fluctuation in the
production of food and export crops in Nigeria has been area rather than yield. The
contribution of area has been by far more conspicuous than yield growth. While
fluctuation of output is more salient, that of yield was not that expressive. In contrast,
not only does area fluctuate notably, but also its pattern tends to correspond fairly to
that of output. Hence, in this study output and area response behaviour were modelled,
which distinguished between area elasticity of output and other elasticities. Moreover,
the use of production as the dependent variable has been adjudged the best of the three
as it acknowledges that farmers may respond to price incentives by using either intensive
or extensive farming method.

Estimation results

his section presents and discusses results of the estimation of the two dynamic

models in (6) and (7); since the risk variable (LW) is 1(0) there seems to be no
ground for analysis of cointegration using the variable. It is not possible therefore
to examine a cointegration relationship using the Just risk model. The modelling is
therefore done using an autoregressive distributed lag model (ADL) (see Appendix A)
for aggregate, commodity aggregates and individual crops. In running the regression,
up to four lags were imposed and the estimation proceeded by dropping those variables
with low t-values - the preferred equations are in Appendix D. Moving from the general
to specific modelling of the ADL model improves the information criteria, specifically
the Schwartz criterion (SC), Hannan and Quinn (HQ) and the forecast prediction error
(FPE). They decline as the less significant variables and lags are dropped on the basis
of low t-values. At the same time, the equation standard error(s) increase; nevertheless,
price and price risk are sometimes retained even if their t-values are low because they are
being particularly investigated. The stability of the regression parameters are confirmed
using cusum of square test. The results are shown in Appendix E, Figures E1 to E9.

National aggregate

The result of the dynamic ADL for national aggregate is shown in Appendix D (Table
D1). As expected a priori the aggregate output is positively responsive to its second lag,
AQt-2, the numerical value of the coefficient is about 0.25 and is statistically significant
at 5% level. The statistic shows a fair degree of persistence in adjustment of stock as
the current level of agricultural production reflects about 0.25 of its value two years
ago. The price coefficient is small (0.094) and statistically significant in the second lag
(ALPt-2), which is plausible given the heavy oil dependence of the economy and slow
rate of resource base diversification. The coefficient of price risk is close to unity (0.951)
and significantly negative as expected; the results suggest that price risk needs to be
meaningfully reduced for agricultural output to increase in Nigeria. The coefficient of the
SAP dummy is positive and significant when in association with the price variable but
negative and significant when in interaction with price risk, implying that SAP enhances
increase in aggregate production when in interaction with price. When price risk is
removed from the model, other variables are I(1). Hence the analysis proceeds with test



for cointegration. There is fairly consistent evidence that the cointegration relationship
for ALQt is with respect to own price, real exchange rate and trend.
The solved static long-run equation is:

ALQt=0.375ALPt + 0.027 ALRER + 0.061D — 0.316D*ALP — 0.00 IT

Arise in either producer price or real exchange rate has a positive and significant effect
on aggregate output. Over the long run, producers are price responsive and devaluation
ofthe nation’s currency seems to be making positive impact on the aggregate production.
The tendency of devaluation to give rise to an increase in aggregate production in the
long run is obvious.

Appendix D (Table D2) reports estimates of ECM and the short—run dynamic model
for aggregate production. The short-run elasticity with respect to price, ALP, is significant
and about 0.304. The coefficient of ECM is negative but insignificant as expected a priori.
This result is consistent with the report of Mckay et. al. (1998). Aggregate response to
price changes in the short run is smaller than in the long run. The positive impact of SAP
is evident from the significance of the SAP dummy coefficient, D, and its interaction with
the price variable, D*4LP. This suggests that liberalization of the agricultural market
in Nigeria exacts a positive effect on agricultural output despite its stringent conditions.
This experience is similar to that obtained recently in Chinese agriculture (Ghatak and
Seal, 2001a) as SAP is a dominant factor responsible for increase in output.

Commodity aggregate

The results for dynamic ADL modelling including price risk for commodity aggregate
— export crops, grains, pulse and roots and tuber crops — are presented in Appendix D,
Tables D3— D10.

Export. Turning to export, we see that modelling with production as the dependent
variable gave better results than area response, hence the discussion is based on output
response. Moving from ADL general to specific modelling, the preferred equation
including price risk has seven variables and 29 observations (Table D3). The coefficient
on the stock adjustment variable is negative and significantly related to aggregate export
crop production, suggesting that the producers are not price and price risk responsive,
although exchange rate (lagged one and two years) influences the output positively.
This agrees with Jaeger (1992) that increase in exchange rate gives rise to increase in
agricultural production from time to time while producer price is insignificant. The
tendency of devaluation to promote production of export crops is obvious.

Table D4 reports estimates of the short-run relationships for export crops without price
risk. The balance of the various tests suggest that export crop producers respond to own
price and exchange rate in the long run, the solved static long-run equation is:

ELQt =0.009ELP + 0.0501ELRER + 0.037T
The evidence suggests that production of export crops has increased as a result of
increase in price and exchange rate. The estimate of the ECM shows that the short-run

23
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exchange rate elasticity is 0.034 while the stock adjustment coefficient is -0.554. The
coefficient of the ECM is negative but insignificant. Price coefficient is also not significant
in the short run.

Grain. The results for grains (Table D5) include three-year lagged area, current price and
its four-year lag, current exchange rate and its three-year lag, and three- and four-year
lag of price risk, as well as the SAP dummy in interaction with price and price risk in
the preferred equation. Unlike the national aggregate and export models, area response
performed better than that of output in terms of various test statistics (R2, DW, FPE and
RSS). Hence this report is based on modelling area response.

All the variables except the SAP dummy in association with the price variable
are positive and significant at the 5% level. The coefficient of land area is 0.34 and
statistically significant in the third-year lag. The land area response to current price is
more important than the fourth-year lag, although both are positive and significant at
the 5% level. Similarly, current exchange rate has a more significant impact on land area
than its third-year lag. Various policy measures to stabilize the exchange rate seem to
be getting positive response from grain producers in terms of expansion of the land area
under cultivation. Contrary to expectation, price risk (both third-year lag and fourth-year
lag) has positive and significant effects on land area committed to grain production. A
possible reason for this trend is the increase in the number of price risk management
techniques available to grain producers, such as agricultural insurance, modification of
domestic storage policies, the use of consumer subsidies, and various modifications of
restrictions on trade in grains to increase domestic production such as tariffs, taxes and
outright ban.

Modelling grain area without price risk does not support estimating an ECM (Table
D6). The estimation is also done using ADL model. The result indicates that grains appear
to be trend stationary; the positive sign on the coefficient of price (current and fourth-
year lag) is perhaps indicating some intercropping or complementarity in production in
the short run.

Roots and tubers. In respect of roots and tubers, like other non-tradeable commodity
aggregates, ADL modelling of the area response gave a better result than output. The result
is presented in Appendix D (Table D7). The preferred equation contains five variables:
land area (lagged three years), price (lagged two years), price risk (lagged two years),
real exchange rate (lagged two years) and SAP dummy. All the variables are statistically
significant with expected signs except price risk and cultivated land area (lagged three
years). The crop is inelastic to both price and real exchange rate. A 100% rise in own
price will give rise to about a 10% rise in cultivated land area, while a similar rise in
real exchange rate will lead to a decline in cultivated land area by about 10%. This
indicates a slight shift from growing of roots and tubers to raising export crops. When
price risk is removed, there is no evidence of a cointegrating relationship. Hence the
modelling is still done using ADL (Table DS). Basically the results are similar. Obvious
differences include the fact that the crop is more inelastic to price but less inelastic to real
exchange rate. The results here corroborate the findings of Ghatak and Seale (2001a),
who discovered that response to price risk is generally inelastic. This may be due to the
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measure of price risk adopted, however, since this study and Ghatak (2001a) utilized
the same type of measurement.

Pulses. The result of the ADL modelling of pulses is in Table D9. The response of
acreage to previous years’ (second and fourth lag) land area is consistently negative
and statistically significant. This might be due to incessant problems of property rights,
especially in the northern part of the country where the bulk of pulses (cowpea in
particular) is grown. As expected, acreage response to price is positive and statistically
significant. The effect of real exchange rate on pulse acreage is negative, perhaps because
of diversification into export crop enterprise. The coefficient of price risk is negative
and significant at the 5% level as expected. There is evidence of cointegration when
price risk and its interaction with SAP dummy are not included in the model. The solved
long-run static equation is:

PDLA = 0.096 PLP—0.075 PLRER + 0.176 D — 0.00015D*PLP

A rise in the market price has a positive and significant effect on the acreage of pulse
in the long run; a change in price will lead to about 0.1ha increase in land area. On the
other hand, the effect of exchange rate is negative but also inelastic. An appreciation of
the exchange rate will cause a small decline in land area. The result suggests that the
level of the real exchange rate has minimal policy implication for the expansion of pulse
production via an increase in cultivated land area. The current changes depend largely on
their past values and the impact of the long run presented by the ECM term. The results
of the ECM and short-run dynamic model are presented in Table D10. In the short run,
the own price elasticity (0.15) and that of real exchange rate (0.03) are greater than the
long-run estimate. The adoption of SAP enhances the expansion of land area allocated
to production of pulse as shown by the significance of the SAP dummy (D)

Cocoa: Appendix D, Tables D11 and D12, present ADL modelling of cocoa acreage
response and error correction estimates, respectively. Table D11 shows that the producers
are not price and price risk responsive. Cultivated land area (lagged four years), real
exchange rate (lagged one year) and SAP dummies are major determinants of cocoa
acreage response. The coefficients of both land area and exchange rate are negative and
significantly related to cocoa acreage. As it affects cocoa, there seems to be no more
justification for further devaluation of the nation’s currency. When price risk is removed,
the results of the short-run dynamic and ECM model (Table D12) show that previous
year’s cocoa acreage is the most significant predictor of current acreage. The elasticity
is 3.213. Deviation from long-run equilibrium as shown by the ECM is significant at
the 5% level. The long-run static equation is:

COLA =-0.123COLP — 0.093COLRER + 0.02T

The cocoa producers respond to both own price and real exchange rate in the long
run. The two elasticities move in the same direction in that an increase in both price and
exchange rate is not sufficient to stimulate increase in cocoa acreage, which is already
declining because of the old age and neglect of rehabilitation of existing trees. The
response is lower than those obtained by previous research work on Nigerian cocoa
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supply response: 0.20 (Olayide 1972), 1.29 (Stern, 1965) and 0.45 (Berhman, 1968)
and others.

Cassava: Table D13 reports the results of the ADL modelling of cassava acreage response.
Previous year cultivated land area is a positive and significant predictor of current cassava
acreage. The farmers are both price and price risk responsive. The coefficient of price
risk is positive, however, contrary to theoretical expectation. This is perhaps because of
improved risk management strategies, which has led to development of many cassava
cultivars. Table D14 reports the results of modelling cassava acreage response without
price risk. The cointegration test result support the estimation of ECM. The solved static
long-run equation is:

CVLA = 0.130CVLP + CVLRER + 0.076D + 0.080D*LP

Increase in price has an impact similar to that of real exchange rate in the long run.
Over the long run, the farmers have been responsive to real exchange rate in switching
between cassava and cocoa, which is an export crop. As expected, the ECM’s coefficient
is negative and insignificant.

Cowpea: Appendix D (Tables D15 and D16) gives the estimates of the ADL modelling
and error correction of cowpea acreage response. Inclusion of price risk and modelling
with ADL gives a better result than when it is removed. The farmers are both price and
price risk responsive. Like other crops considered, cultivated land area performed better
than the output as the response variable. The crop is inelastic to price (lagged two and
three years), price risk (lagged two and three years) and real exchange rate (lagged
two and three years). The effect of structural change represented by the SAP dummy is
positive and significantly related to cowpea acreage. The result of the ECM and short-
run dynamic analysis indicates that SAP is the dominant factor responsible for shift in
cowpea supply. The solved long-run static equation is:

CWLA = 0.952CWLP —0.09CWLRER

The two elasticities offset each other in the long run. A 100% rise in price will give
rise to about 95% increase in cowpea cultivated land area, while a similar rise in real
exchange rate will lead to less than 10% decline in the long run.

Maize: Tables D17 and D18 in Appendix D summarize the estimates of maize acreage
response using ADL modelling whether price risk is included or not. This is because
the analysis does not support a cointegrating relationship for maize acreage with the
explanatory variables. Modelling with price risk as one of the explanatory variables
indicates that farmers are not price but price risk responsive. The crop is elastic to price
risk. The elasticity is 1.195 and adheres to expectations of a negative and significant
relationship. The effect of cultivated land area (lagged two years) and real exchange rate
are similar. An increase in any one of them is associated with an increase in cultivated
land area. When price risk is removed from the model, only exchange rate remains
significant at 10%.
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5. Conclusions and policy implications

to include both the standard arguments and risk. By estimating ADL and error

correction models for aggregate, commodity aggregates and individual crops
using time series data that span over three decades (1970-2003), the study derives both
the short-run and long-run elasticities. Generally, the results show that the model that
includes price risk in the argument predicted better than the other without price risk,
perhaps because of structural changes. The results for individual crops are more robust
than for those of the aggregate in terms of both test statistics and economic meaning
of the parameter as given by the signs and magnitudes of the coefficients. Following
the assertion of Pope (1981), an increase in dispersion of expectations could decrease
aggregate supply if the supply were strictly concave. Another possible reason is that
during an unstable period (like the SAP era) the price expectation of individual crops
could vary widely, thus generating instability of aggregate supply.

On the whole, the results of the empirical analysis suggest that producers are
responsive not only to price but also to price risk and exchange rate. This is consistent
with the evidence of agricultural sector growth following the SAP. Price risk needs to be
adequately reduced if meaningful improvement in production is to be gained from the
price incentive inherent in ongoing national economic reforms. In this respect, emerging
commodity exchanges and futures markets should be given greater attention and made
fully operational.

T his study modelled the production and supply response in Nigerian agriculture
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Appendix A: Test for cointegration

Engle and Granger (1984)

Consider the following single equation:

P, = Bp,, 1,
(A1)

If -“t is non stationary, then p,-fﬁ p,, is not a cointegrating relationship. Engle and
Granger suggest estimating A1 by OLS and applyir;g unit root tests such as the ADF and

Phillips-Perron Z, or Z,to the estimated residuals M , in order to test the null hypothesis
of no cointegration. For a discussion on the issues related to the Engle and Granger
method see Maddala and Kim (1998).

Johansen (1988, 1995)

Consider a vector autoregression (or VAR) of two variables Pi and P AVAR expresses
a vector of variables as a linear sum of a set of lags of itself. A simple case of a VAR
between two variables is:

Pu _ My N Oy Oy Y Prs N Vi
P M.y Gy Oy ) Py Yy

The issue of cointegration can once again be addressed by looking at the VAR, but
extending it to contain a second lag. An example of a VAR(2) would be

For; _ Ly ) P |4, P N ¥y
P L Paa FPua Vo

31

(A2)

(A3)
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This has the vector error correction (VECM) representation:

v
Ap,, _| M (A 44D Pret || M

Ap,, L Py Vo (A4)

The rank of the matrix(4, + 4, 1) is equal to the number of cointegrating vectors. If
the rank of (4, + 4, 1) is equal to two, then both variables can be shown to be stationary.
If the rank of (4, + 4, — 1) is zero then the series are not cointegrated, while if the rank
of (4, + A, 1) is one, then the variables are cointegrated.

Therefore, in case of two variables, cointegration can be tested by testing the
significance of the characteristic roots or the eigenvalues of (4, + 4,—1). If the variables

are not cointegrated, the characteristic roots s & , are equal to zero. Similarly if the rank

- 1’-\.
of (4, + 4,—1) is equal to one, 0 < "‘1 <1and /‘2is equal to zero. Johansen (1988, 1995)
derived the distribution of two test statistics for the null of no cointegration referred to

as the trace and the maximum eigenvalue test:

Mpaee = —'f'i In(1- 71, )
i-1

(A5)

Ao =-TIn(1-1) A6

The first statistic tests the null hypothesis that the number of independent cointegrating
parameters is less than or equal to two, whilst the second statistic tests the null hypothesis
that the number of cointegrating parameters is one against the alternative of two
cointegrating parameters.

Johansen derived an error correction representation of a cointegrating system. He

defined two (n x r) matrixes, % and ’G, where 7 is the number of variables and 7 is the
rank of (4, + A, —I). The properties of these matrixes are:

oS,
(A,+4,-1) = (A7)

The matrix b is the matrix of cointegrating parameters, whilst the matrix a represents
the adjustment of the variables towards the long-run equilibrium, if it exists. In the case
of two variables, such as p, and p, the error correction model (ECM) is as follows:
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a v
5,01, - -ul + 1 {p”_l —ﬁ,_l]_fiz 'ﬂplr—l + I
Ap,, Ky a, Ap,,. Var (A8)
B represents the long run multipliers where a rank restriction has been
imposed:
H’E l11

l—o, |-, (A9)

In this case the lack of a cointegrating relationship would also imply no Granger
causality between the series, but if only 4, = 0. More generally, Granger causality does
not require cointegration. However, cointegration does imply causality in at least one
direction.

Autoregressive distributed lag (ADL) models and cointegration

An ADL model can be written as:

| k
py=a+ 2 B, + Z YiPus +@T +&,
e - (A10)

where i L= 1,2, are series of variable p, a is an intercept, 7'is a time trend and e, is the
error term.

Akey issue in estimating ADLs is the identification of the correct number of lag length.
Under-parameterization can lead to misspecification, while over-parameterization limits
the degree of freedoms and increases forecast variance. Normally the relevant j and &
are selected by means of information criteria such as the Akaike, Schwartz—Bayes, the
Hannan Quinn and log likelihood.

In the long-run equilibriump, =p, ., v jandp, , ¥ kand then the long-run response
of p,to a change in p,, is given by:

;Te
B e —Zﬁ}.

0,

(All)
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Consequently, the long-run equilibrium relationship can be written as follows:

where

o 0]
o
0 I_Eﬁ+|_zﬁ
; -

J

DV
I—Z B, = {E

1

As from (A13)
be written as:

(A12)

(A13)

, the ECM representation of the ADL (A10) can

;
ﬂ13713 =0 - [1— _ZBJ ]‘:Pn-l _50 _51;'2:-1:' + Z B;ﬁplz-j
J J=1
+ ZT WP HE,
(A14)
I-NB

PN

where is the error correction coefficient.

34
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Appendix B: Time series properties
of data and cointegration

test
Table B1: Unit root tests for national and commodity aggregates
Variable t-ADF Level t-ADF 1¢t difference Order of
integration
ALQt -2.036 -3.479 1
ALAt -1.426 -6.809” 1
ALPt -2.119 -6.105" 1
ALRERt -2.268 -8.843" 1
ALWt -3.717 -7.018" 0
ELQt -2.829 -8,747" 1
ELAt -2.837 -7.012" 1
ELPt -2.980 -9.309” 1
ELRERt -1.478 -9.278" 1
ELWt -3.651" -7.887" 0
GLQt -2.101 -4.243" 1
GLAt -3.075 -6.262" 1
GLPt -2.396 -4.305 1
GLRERt -1.354 -8.324" 1
GLWt -4.296" -6.978" 0
TLQt -1.902 -3.530° 1
TLAt -2.084 -5.206™ 1
TLPt -1.976 -6.944" 1
TLRERt -1.974 -7.566" 1
TLWt -5.872" -9.303" 0
PLQt -1.875 -5.230" 1
PLAt -1.529 -6.306" 1
PLPt -2.065 -5.766" 1
PLRERt -2.356 -8.441"
PLWt -3.489° -8.3117

**,* = indicates significant at 1% and 5% levels, respectively. L = natural logarithm
unit root test include constant and trend values. Critical values: 5% = 3.47, 1% = -4.08
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Table B2: Unit root tests for individual crops

Variable t-ADF Level t-ADF 1% difference Order of integration
coLat -1.584 -9.472 1
COLAt -2.248 -6.223 1
COLPt -3.473 -6.255 1
COLRERt -3.074 -6.778 1
COLwt -5.854 -12.725 0
CcvLQt -1.439 -4.540 1
CVLAt -1.963 -6.124 1
CVLPt -1.972 -6.151 1
CVLRERt -2.007 -5.096 1
CVLWt -5.600 -8.250 0
CcwLat -2.177 -5.150 1
CWLAt -2.364 -5.330 1
CWLPt -1.764 -5.847 1
CWLRERt -2.002 -5.803 1
CWLWt -5.336 -8.963 0
MLQt -1.299 -5.618 1
MLAt -1.824 -5.170 1
MLPt -1.908 -5.764 1
MLRERt -2.074 -6.392 1
MLWt -4.327 -7.615 0

** * = indicates significant at 1% and 5% levels, respectively. L = natural logarithm
unit root test include constant and trend values. Critical values: 5% = 3.47, 1% = -4.08

Table B3: Results of Structural Break Tests

Output series

Series K 1] t-stat a t-stat a t-stat a t-stat
Nation 3 0.903 3.411 0.050 1.125 0.008 2.129 -0.219 -3.259
Export 4 4228 1943 0.190 1.341 0.008 0.904 -0.363 -1.967
Grain 4 1.753 2.601 0.084 0.844 0.022 3.148 -0.474 -2.673
Pulse 5 0914 1562 0.312 2963 0.004 0.317 -0.216 -1.333
Tuber 4 0.555 2120 0.199 2137 0.003 0.048 -0.122 -1.864
Cocoa 4 4220 1.843 0.190 1.347 0.006 0.904 -0.364 -1.977
Cassava 5 3.360 1879 0.089 1.110 0.006 0.716 -0.210 -1.822
Cowpea 5 4247 2794 0216 1741 0.015 1533 -0.336 -2.190
Maize 4 6.176 4.387 0.365 1.661 0.029 3.053 -0477 -4.506
Price series

Series K d t-stat a t-stat a t-stat a t-stat
Nation 4 0.453 1689 0554 1.718 0555 1.817 -0.456 -2.358
Export 4 3.958 2846 1.089 2529 -0.087 -2.888 -0.652 -2.715
Grain 4 0.384 1.250 0.395 0.944 -0.034 -1.271 -0.586 -2.460
Pulse 5 1.372 1.757 0.206 0.669 -0.015 -0.779 -0.282 -1.791
Tuber 5 2115 2803 0426 1.659 -0.024 -1669 -0406 -2.706
Cocoa 4 8.094 0965 0912 1.698 -0.035 -1.005 -0.646 -0.908
Cassava 4 1.022 2925 0.636 2.166 -0.042 -2421 -0.498 -2.995
Cowpea 5 1.036 2.040 0.272 0.908 -0.017 -0.940 -0.351 -2.148
Maize 4 1.398 2506 0.678 1.932 -0.059 -2527 -0.446 -0.504

continued next page
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Table B3 Continued

Area series

Series K M t-stat i t-stat a t-stat a t-stat
Nation 4 4496 3,579 0.060 0579 0.013 2.785 -0.283 -3.603
Export 4 2.632 2.741 0.059 1.303 0.008 2705 -0.181 -2.819
Grain 4 0.334 1525 0.295 0.644 -0.034 -1.771 -0.686 -2.460
Pulse 5 2197 1.792 0212 1566 0.001 0.906 -0.165 -1.884
Tuber 5 2151 1374 0.086 1.151 0.006 0.721 -0.153 -1.339
Cocoa 5 -12.18 -2.623 0.002 0.080 0.005 0.253 -0.905 -2.610
Cassava 4 4869 2583 0.084 0959 0.010 0930 -0.282 -1.696
Cowpea 4 2147 1.794 0.128 0.878 0.011 1.284 -0.165 -1.917
Maize 4 4456 2.398 0.248 0.823 0.014 1.274 -0.335 -2.367
Table B4: Results of co-integration test

Relationship Trace ADF/EG Eigen value
ALQ, ALP, ALRER, T -3.937" 14.23 13.08"
ELQ, ELP, ELRER, T -4.452" 42.61° 39.86"
GLA, GLP, GLRER, T -4.128" 15.13 14.15
PLA, PLP, PLRER, T -4.641" 19.58" 18.31
TLA, PLP, PLRER, T -4.068" 15.47 14.47
COLA, COLP, COLRER, T -3.359° 27.26" 25.50”
CVLA, CVLP, CVLRER, T -3.228" 16.86™ 15.78"
CWLA, CWLP, CWLRER, T -3.482" 17.74" 16.60™
MLA, MLP, MLRER, T -4.059" 18.85 17.63

*

*, * = indicates significant at 1% and 5% levels, respectively
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Appendix C: Growth rate and price
series

Figure C1: Growth rate of total agricultural price series
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Figure C2: Export crops' price series
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Price

Figure C3: Growth rate of grains’ price series
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Figure C4: Pulse Price Series
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Figure C5: Tuber price series
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Figure C&: Growth rate of total agricultural crop output, yield and sown area

percent
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Figure C7: Growth rate of pulse output, sown area and yield
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Figure C8: Growth rate of tuber output, yield and sown area
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Figure C9: Export crop growth rate of area, yield and output
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Figure C10: Export crops growth rate of area, yield and output
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Appendix D: Modelling of production
response

Table D1: ADL modelling of aggregate production response (with price risk)

Variable coefficient Std error t-value t-prob.
ALQt-2 0.247 0.116 2.135 0.043
ALPt-2 0.094 0.034 2.749 0.011
ALRERt-2 0.070 0.023 3.085 0.005
ALW -0.951 0.445 -2.139 0.042
D*ALW -0.902 0.452 -1.995 0.057
D*ALP 0.132 0.048 2.753 0.011

R2 =0.50 S =0.052 DW =1.87 SC=-5594 HQ=-5.721
FPE =0.003 AIC=-5.524 RSS = 0.057 for 6 variables and 30 observations
Source: Data analysis 2006.

Table D2: Error correction estimates of aggregate production response (without

risk)

Variable coefficient Std error t-value t-prob.
ALQt-2 0.257 0.185 1.392 0.178
ALP 0.304 0.120 2.536 0.019
ALRER -0.010 0.016 0.634 0.533
ALRERt-1 0.014 0.013 1.068 0.297
ALRERt-2 0.024 0.016 1.468 0.156
D 0.035 0.017 2.070 0.050
D*ALP 0.256 0.126 2.027 0.055
ECM -0.007 0.124 -0.055 0.956
R2 =0.65 S =0.046 DW = 1.63 SC =-5.579 HQ =-5.833

FPE = 0.003 AIC =-5.592 RSS = 0.045 for 8 variables and 30 observations
Source: Data Analysis 2006

Table D3: ADL modelling of export crops' production response (with price risk)

Variable coefficient Std error t-value t-prob.
ELQt-2 -0.554 0.221 -3.041 0.006
ELQt-2 -0.224 0.194 -1.153 0.251

ELPt-1 0.024 0.036 0.557 0.512
ELRERt-1 0.042 0.020 2.054 0.051

ELRERt-2 0.058 0.032 2.099 0.048
ELWt-2 -0.045 0.034 -1.352 0.190
D*ELP 0.087 0.046 1.917 0.058

R2 =0.42 S =0.073 DW =2.29 SC=-4694 HQ=-4.921
FPE=0.006 AIC=-5.024 RSS =0.117 for 7 variables and 29 observations
Source: Data Analysis 2006
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Table D4: Error correction estimates of export production response
(without price risk)

Variable coefficient Std error t-value t-prob.
ELQt-1 -0.074 0.184 -2.572 0.016
ELPt-1 0.013 0.036 0.358 0.715
ELRERt-1 0.040 0.021 1.914 0.056
ELRERt-2 0.034 0.024 1.393 0.176
D*ELP 0.055 0.041 1.355 0.188
ECMt-2 -0.246 0.199 -1.239 0.228
R2 =0.35 S=0.074 DW =2.29 SC=-4807 HQ=-4.969

FPE = 0.006 AIC =-5.043 RSS = 0.133 for 5 variables and 29 observations

Source: Data Analysis 2006.

Table D5: ADL modelling of grain acreage response (with price risk)

Variable coefficient Std error t-value t-prob.
GLAt-3 0.342 0.132 2.588 0.018
GLP 0.391 0.092 4.251 0.000
GLPt-4 0.176 0.052 2.874 0.009
GLRER 0.141 0.052 2.252 0.035
GLRERt-3 0.093 0.048 1.952 0.055
GLWt-2 0.183 0.072 2.521 0.020
GLWt-3 0.189 0.056 2.845 0.010
D*GLP -0.271 0.110 -2.453 0.023
D*GLW 0.218 0.121 1.801 0.086
R2 =0.51 S=0.110 DW =2.17 SC=-3.714 HQ=-4.006

FPE=0.015 AIC=-4.139 RSS =0.248 for 9 variables and 29 observations

Source: Data analysis 2006.

Table D6: ADL modelling of grain acreage response (without price risk)

Variable coefficient Std error t-value t-prob.
GLAt-3 0.336 0.179 1.880 0.074
GLP 0.254 0.099 2.549 0.018
GLPt-4 0.121 0.056 1.832 0.081

GLRER 0.019 0.057 0.744 0.735
GLRERt-3 0.059 0.050 1.175 0.253
D -0.135 0.098 -1.381 0.182

D*GLP -0.238 0.131 -1.817 0.083

T 0.007 0.003 2.125 0.046

R2 =0.40 S=0.135 DW = 1.86 SC =-3.397 HQ = -3.556

FPE =0.233 AIC=-3.775 RSS =0.248 for 8 variables and 29 observations

Source: Data analysis 2006.

Table D7: ADL modelling of roots & tubers acreage response (with price risk)

Variable coefficient Std error t-value t-prob.
TLAt-3 -0.140 0.149 -0.941 0.356
TLPt-2 0.107 0.-064 1.667 0.108
TRERt-2 -0.108 0.041 -2.608 0.015
TLWt-2 0.033 0.062 0.523 0.061

D 0.090 0.022 4.166 0.000
R2=0.56S =0.078 DW = 1.63 SC =-4.715 HQ =-4.876

FPE = 0.007 AIC =-4.950 RSS = 0.145 for 5 variables and 29 observations

Source: Data analysis 2006.
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Table D8: ADL modelling of roots & tubers acreage response (without price

risk)
Variable coefficient Std error t-value t-prob.
TLAt-3 -0.121 0.123 -0.789 0.438
TLPt-2 0.085 0.046 1.862 0.075
TRERt-2 -0.118 0.041 -2.885 0.008
D 0.136 0.051 2.682 0.013
D*TLP 0.014 0.051 0.272 0.788
Trend -0.002 0.002 -0.930 0.362

R2 =0.57 S =0.078 DW =1.65 SC=-4628 HQ=-4.822
FPE =0.007 AIC=-4911 RSS =0.132 for 6 variables and 29 observations
Source: Data analysis 2006.

Table D9: ADL modelling of pulse acreage response (with price risk)

Variable coefficient Std error t-value t-prob.
PLAt-2 -0.328 0.172 -1.907 0.070
PLAt-4 -0.280 0.151 -1.858 0.078
PLPt-2 0.151 0.081 1.875 0.075
PLRERt-3 -0.136 0.051 -2.672 0.014
PLW -12.753 4.963 -2.570 0.014
D 0.389 0.082 4.728 0.00
R2=0.53S =0.128 DW = 2.131 SC =-3.500 HQ =-3.759

FPE = 0.021 AIC = -3.877 RSS = 0.346 for 6 variables and 28 observations

Source: Data analysis 2006.

Table D10: Error correction estimate of pulse acreage response
(without price risk)

Variable coefficient Std error t-value t-prob.
PLAt-1 -0.637 0.512 -1.244 0.227
PLAt-2 0.358 0.198 1.857 0.077
PLPt-2 0,150 0.080 1.876 0.074
PLRERt-3 -0.128 0.055 -2.302 0.031
D 0.340 0.107 3.176 0.004
D*PLP -0.017 0.193 -1.857 0.077
ECMt-2 -0.053 0.512 -0.104 0.918

R2 =0.45 S=0.144 DW =214 SC =-3.282 HQ =-3.536
FPE=0.026 AIC =-3.655 RSS =0.455 for 7 variables and 31 observations
Source: Data analysis 2006.

Table D11: ADL modelling of cocoa acreage response (with price risk)

Variable coefficient Std error t-value t-prob.
COLAt-4 -2.065 0.341 -6.045 0.000
COLPt-4 0.011 0.007 1.546 0.136
COLRERt-1 -0.024 0.006 -3.512 0.002
COLWt-1 -0.005 0.004 -1.275 0.215
D 0.137 0.028 4.863 0.000
D*COLP -0.022 0.007 -3.296 0.032

R2=0.79 S =0.027 DW = 1.69 SC=-6.732 HQ=-6.926
FPE = 0.0009 AIC =-7.015 RSS = 0.172 for 6 variables and 29 observations
Source: Data analysis 2006.



Table D12: Error correction estimates of cocoa acreage response (without price

risk)
Variable coefficient Std error t-value t-prob.
COLAt-1 3.213 0.430 7.464 0.000
COLAt-4 -2.238 0.322 -0.953 0.000
COLPt-1 -0.007 0.009 -0.774 0.447
COLPt-4 0.006 0.007 0.817 0.442
COLRERt-1 0.006 0.006 0.882 0.387
ECMt-1 -3.379 0.453 -7.461 0.000
R2=0.82 S$=0.025 DW=1.61 SC=-6.875 HQ=-7.069
FPE = 0.0007 AIC =-7.158 RSS = 0.149 for 6 variables and 29 observations
Source: Data analysis 2006.
Table D13: ADL modelling of cassava acreage response (with price risk)
Variable coefficient Std error t-value t-prob.
CVLAt-1 -0.367 0.149 -2.468 0.021
CVLPt-1 0.075 0.039 1.944 0.064
CVLRERt-1 0.025 0.025 0.977 0.338
CVLWt-2 0.170 0.053 3.234 0.004
D 0.136 0.051 2.682 0.013
D*CVLP 0.014 0.051 0.272 0.788
Trend -0.003 0.002 -1.482 0.151
R2 =0.62 S =0.078 DW = 2.08 SC =-4.595 HQ =-4.813
FPE = 0.0007 AIC =-4.919 RSS = 0.144 for 7 variables and 31 observations
Source: Data analysis 2006.
Table D14: Error correction estimates of cassava acreage response

(without price risk)
Variable coefficient Std error t-value t-prob.
CVAt-1 -0.032 0.252 -0.127 0.900
CVLPt-1 -0.006 0.076 -0.080 0.937
CVLPt-2 0.140 0.042 3.279 0.003
CVLRERt-1 0.034 0.029 1.175 0.252
D 0.077 0.028 2.737 0.012
D*CVLP 0.076 0.050 1.532 0.138
ECMt-1 -0.589 0.414 1.421 0.168
R2=053  $=0086 DW=233 SC=-4374 HQ=-4592
FPE = 0.009 AIC =-4.697 RSS = 0.180 for 7 variables and 31 observations
Source: Data analysis 2006.
Table D15: ADL modelling of cowpea acreage response (with price risk)
Variable coefficient Std error t-value t-prob.
CWLAt-1 -0.555 0.128 -3.641 0.003
CWLAt-2 -0.249 0.178 -1.398 0.182
CWLAt-4 -0.252 0.187 -1.348 0.198
CWLPt-1 -0.025 0.097 -0.258 0.800
CWLPt-2 0.649 0.272 2.383 0.038
CWLPt-3 0.921 0.282 3.264 0.005
CWRERt-1 -0.023 0.056 -0.422 0.679

continued next page
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Table D15 Continued

Variable coefficient Std error t-value t-prob.
CWRERt-3 -0.116 0.062 -1.873 0.081

CWRERt-4 -0.202 0.065 -3.123 0.007
CLWt-2 0.234 0.151 1.453 0.167
CLWt-3 0.533 0.180 2.959 0.009
D 0.417 0.144 2.898 0.011

Trend 0.009 0.007 1.338 0.201

R2 =0.63 S=0.144 DW =2.09 SC=-2907 HQ=-3.361

FPE =0.031 AIC =-3.568
Source: Data analysis 2006.

Table D16: Error correction estimates of cowpea acreage response (without price

RSS = 0.312 for 14 variables and 29 observations

risk)
Variable coefficient Std error t-value t-prob.
CVLAt-2 -0.357 0.197 -1.812 0.087
CVLP 0.113 0.758 0.149 0.883
CVLPt-2 0.125 0.104 1.198 0.244
CWLRERt-3 -0.058 0.055 -1.057 0.302
D 0.197 0.082 2.419 0.024
ECMt-1 -0.120 0.201 -0.595 0.558
R2 =0.46 S=0.171 DW = 2.26 SC =-2.930 HQ =-3.185
FPE =0.037 AIC =-3.304 RSS = 0.646 for 6 variables and 29 observations.
Source: Data analysis 2006.
Table D17: ADL modelling of maize acreage response (with price risk)
Variable coefficient Std error t-value t-prob.
MLAt-2 0.324 0.140 2.319 0.030
MLPt-2 0.128 0.095 1.352 0.190
MLRER 0.193 0.056 3.453 0.002
MLW -0.195 0.376 -3.453 0.004
D -0.197 0.090 -3.178 0.040
D*MLW 1.154 0.401 2.878 0.009
R2=048  S$=0.192 DW=258 SC=-2930 HQ=-2.989
FPE =0.045 AIC =-3.092 RSS = 0.813 for 6 variables and 29 observations

Source: Data analysis 2006.

Table D18: ADL modelling of maize acreage response (without price risk)

Variable coefficient Std error t-value t-prob.
MLAt-2 0.234 0.194 1.202 0.241

MLPt-1 -0.039 0.146 -0.265 0.793
MLPt-2 0.077 0.119 0.646 0.524
MLRERt-2 -0.155 0.082 -1.927 0.066
MLRERt-3 0.103 0.082 1.258 0.220

D*MLP 0.234 0.177 1.325 0.198
R2 =047 S =0.264 DW = 1.81 SC =-2.203 HQ =-2.393

FPE =0.084 AIC =-2.483
Source: Data analysis 2006.

RSS = 0.680 for 6 variables and 30 observations
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Appendix E: Results of cusum of
square test

Figure E1: National aggregate
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Figure E3: Pulses
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Figure E4: Grain
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Figure E5: Roots and tubers
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Figure E6: Cocoa
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Figure E7: Cassava

1.6

1.2

0.8

0.4

0.0

1988 1990 1992 1994 1996 1998 2000 2002

—— CUSUM of Squares

5% Significance

Figure E8: Cowpea
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Figure E9: Maize

1.6

1.2

0.8

0.4

0.0 .

-0.4 T T T T T T T T T T T T 1
1988 1990 1992 1994 1996 1998 2000 2002

— CUSUM of Squares -—-- 5% Significance




SuppLY ResPONSE, Risk, AND INSTITUTIONAL CHANGE IN NIGERIAN AGRICULTURE 53

Other recent publications in the AERC Research Papers Series:

Determinants of Private Investment Behaviour in Ghana, by Yaw Asante, Research Paper 100.

An Analysis of the Implementation and Stability of Nigerian Agricultural Policies, 1970—-1993, by P. Kassey
Garba, Research Paper 101.

Poverty, Growth and Inequality in Nigeria: A Case Study, by Ben E. Aigbokhan, Research Paper 102.

Effect of Export Earnings Fluctuations on Capital Formation, by Godwin Akpokodje, Research Paper
103.

Nigeria: Towards an Optimal Macroeconomic Management of Public Capital, by Melvin D. Ayogu,
Research Paper 104.

International Stock Market Linkages in South Africa, by K.R. Jefferis, C.C. Okeahalam and T.T. Matome,
Research Paper 105.

An Empirical Analysis of Interest Rate Spread in Kenya, by Rose W. Ngugi, Research Paper 106.

The Parallel Foreign Exchange Market and Macroeconomic Performance in Ethiopia, by Derrese Degefa,
Reseach Paper 107.

Market Structure, Liberalization and Performance in the Malawi Banking Industry, by Ephraim W. Chirwa,
Research Paper 108.

Liberalization of the Foreign Exchange Market in Kenya and the Short-Term Capital Flows Problem, by
Njuguna S. Ndung’u, Research Paper 109.

External Aid Inflows and the Real Exchange Rate in Ghana, by Harry A. Sackey, Research Paper 110.

Formal and Informal Institutions’ Lending Policies and Access to Credit by Small-Scale Enterprises in
Kenya: An Empirical Assessment, by Rosemary Atieno, Research Paper 111.

Financial Sector Reform, Macroeconomic Instability and the Order of Economic Liberalization: The Evidence
from Nigeria, by Sylvanus 1. Ikhinda and Abayomi A. Alawode, Research Paper 112.

The Second Economy and Tax Yield in Malawi, by C. Chipeta, Research Paper 113.

Promoting Export Diversification in Cameroon: Toward Which Products? by Lydie T. Bamou, Research
Paper 114.

Asset Pricing and Information Efficiency of the Ghana Stock Market, by Kofi A. Osei, Research Paper
115.

An Examination of the Sources of Economic Growth in Cameroon, by Aloysius Ajab Amin, Research Paper
116.

Trade Liberalization and Technology Acquisition in the Manufacturing Sector: Evidence from Nigeria, by
Ayonrinde Folasade, Research Paper 117.

Total Factor Productivity in Kenya: The Links with Trade Policy, by Joseph Onjala, Research Paper 118.

Kenya Airways: A Case Study of Privatization, by Samuel Oyieke, Research Paper 119.

Determinants of Agricultural Exports: The Case of Cameroon, by Daniel Gbetnkon and Sunday A. Khan,
Research Paper 120.

Macroeconomic Modelling and Economic Policy Making: A Survey of Experiences in Africa, by Charles
Soludo, Research Paper 121.

Determinants of Regional Poverty in Uganda, by Francis Okurut, Jonathan Odwee and Asaf Adebua,
Research Paper 122.

Exchange Rate Policy and the Parallel Market for Foreign Currency in Burundi, by Janvier D. Nkurunziza,
Research Paper 123.

Structural Adjustment, Poverty and Economic Growth: An Analysis for Kenya, by Jane Kabubo-Mariara
and Tabitha W. Kiriti, Research Paper 124.

Liberalization and Implicit Government Finances in Sierra Leone, by Victor A.B. Davis, Research Paper
125.

Productivity, Market Structure and Trade Liberalization in Nigeria, by Adeola F. Adenikinju and Louis N.
Chete, Research Paper 126.

Productivity Growth in Nigerian Manufacturing and Its Correlation to Trade Policy Regimes/Indexes
(1962-1985), by Louis N. Chete and Adeola F. Adenikinju, Research Paper 127.

Financial Liberalization and Its Implications for the Domestic Financial System: The Case of Uganda, by
Louis A. Kasekende and Michael Atingi-Ego, Research Paper 128.

Public Enterprise Reform in Nigeria: Evidence from the Telecommunications Industry, by Afeikhena
Jerome, Research Paper 129.

Food Security and Child Nutrition Status among Urban Poor Households in Uganda: Implications for



54 RESeEARcH PAPER 197

Poverty Alleviation, by Sarah Nakabo-Sswanyana, Research Paper 130.

Tax Reforms and Revenue Mobilization in Kenya, by Moses Kinyanjui Muriithi and Eliud Dismas Moyi,
Research Paper 131.

Wage Determination and the Gender Wage Gap in Kenya: Any Evidence of Gender Discrimination? by
Jane Kabubo-Mariara, Research Paper 132.

Trade Reform and Efficiency in Cameroon’s Manufacturing Industries, by Ousmanou Njikam, Research
Paper 133.

Efficiency of Microenterprises in the Nigerian Economy, by Igbekele A. Ajibefun and Adebiyi G. Daramola,
Research Paper 134.

The Impact of Foreign Aid on Public Expenditure: The Case of Kenya, by James Njeru, Research Paper
135.

The Effects of Trade Liberalization on Productive Efficiency: Some Evidence from the Electoral Industry
in Cameroon, by Ousmanou Njikam, Research Paper 136.

How Tied Aid Affects the Cost of Aid-Funded Projects in Ghana, by Barfour Osei, Research Paper 137.

Exchange Rate Regimes and Inflation in Tanzania, by Longinus Rutasitara, Research Paper 138.

Private Returns to Higher Education in Nigeria, by O.B.Okuwa, Research Paper 139.

Uganda’s Equilibrium Real Exchange Rate and Its Implications for Non-Traditional Export
Performance, by Michael Atingi-Ego and Rachel Kaggwa Sebudde, Research Paper 140.

Dynamic Inter-Links among the Exchange Rate, Price Level and Terms of Trade in a Managed Floating
Exchange Rate System: The Case of Ghana, by Vijay K. Bhasin, Research Paper 141.

Financial Deepening, Economic Growth and Development: Evidence from Selected Sub-Saharan African
Countries, by John E. Udo Ndebbio, Research Paper 142.

The Determinants of Inflation in South Africa: An Econometric Analysis, by Oludele A. Akinboade, Franz
K. Siebrits and Elizabeth W. Niedermeier, Research Paper 143.

The Cost of Aid Tying to Ghana, by Barfour Osei, Research Paper 144.

A Positive and Normative Analysis of Bank Supervision in Nigeria, by A. Soyibo, S.O. Alashi and M.K.
Ahmad, Research Paper 145.

The Determinants of the Real Exchange Rate in Zambia, by Kombe O. Mungule, Research Paper 146.

An Evaluation of the Viability of a Single Monetary Zone in ECOWAS, by Olawale Ogunkola, Research
Paper 147.

Analysis of the Cost of Infrastructure Failures in a Developing Economy: The Case of Electricity Sector
in Nigeria, by Adeola Adenikinju, Research Paper 148.

Corporate Governance Mechanisms and Firm Financial Performance in Nigeria, by Ahmadu Sanda,
Aminu S. Mikailu and Tukur Garba, Research Paper 149.

Female Labour Force Participation in Ghana: The Effects of Education, by Harry A. Sackey, Research
Paper 150.

The Integration of Nigeria's Rural and Urban Foodstuffs Market, by Rosemary Okoh and P.C. Egbon,
Research Paper 151.

Determinants of Technical Efficiency Differentials amongst Small- and Medium-Scale Farmers in Uganda:
A Case of Tobacco Growers, by Marios Obwona, Research Paper 152.

Land Conservation in Kenya: The Role of Property Rights, by Jane Kabubo-Mariara, Research Paper
153.

Technical Efficiency Differentials in Rice Production Technologies in Nigeria, by Olorunfemi Ogundele,
and Victor Okoruwa, Research Paper 154.

The Determinants of Health Care Demand in Uganda: The Case Study of Lira District, Northern Uganda,
by Jonathan Odwee, Francis Okurut and Asaf Adebua, Research Paper 155.

Incidence and Determinants of Child Labour in Nigeria: Implications for Poverty Alleviation, by Benjamin
C. Okpukpara and Ngozi Odurukwe, Research Paper 156.

Female Participation in the Labour Market: The Case of the Informal Sector in Kenya, by Rosemary
Atieno, Research Paper 157.

The Impact of Migrant Remittances on Household Welfare in Ghana, by Peter Quartey, Research Paper
158.

Food Production in Zambia: The Impact of Selected Structural Adjustments Policies, by Muacinga C.H.
Simatele, Research Paper 159.

Poverty, Inequality and Welfare Effects of Trade Liberalization in Céte d'Ivoire: A Computable General
Equilibrium Model Analysis, by Bédia F. Aka, Research Paper 160.

The Distribution of Expenditure Tax Burden before and after Tax Reform: The Case of Cameroon, by Tabi



SuppLY ResPONSE, Risk, AND INSTITUTIONAL CHANGE IN NIGERIAN AGRICULTURE 55

Atemnkeng Johennes, Atabongawung Joseph Nju and Afeani Azia Theresia, Research Paper 161.

Macroeconomic and Distributional Consequences of Energy Supply Shocks in Nigeria, by Adeola F.
Adenikinju and Niyi Falobi, Research Paper 162.

Analysis of Factors Affecting the Technical Efficiency of Arabica Coffee Producers in Cameroon, by
Amadou Nchare, Research Paper 163.

Fiscal Policy and Poverty Alleviation: Some Policy Options for Nigeria, by Benneth O. Obi, Research
Paper 164.

FDI and Economic Growth: Evidence from Nigeria, by Adeolu B. Ayanwale, Research Paper 165.

An Econometric Analysis of Capital Flight from Nigeria: A Portfolio Approach, by Akanni Lawanson,
Research Paper 166.

Extent and Determinnanttts of Child Labour in Uganda, by Tom Mwebaze, Research Paper 167.

Oil Wealth and Economic Growth in Oil Exporting African Countries, by Olomola Philip Akanni, Research
Paper 168.

Implications of Rainfall Shocks for Household Income and Consumption in Uganda, by John Bosco Asiimwe,
Research Paper 169.

Relative Price Variability and Inflation: Evidence from the Agricultural Sector in Nigeria, by Obasi O.
Ukoha, Research Paper 170.

A Modelling of Ghana's Inflation: 1960-2003, by Mathew Kofi Ocran, Research Paper 171.

The Determinants of School and Attainment in Ghana: A Gender Perspective, by Harry A. Sackey, Research
Paper 172.

Private Returns to Education in Ghana: Implications for Investments in Schooling and Migration, by Harry
A. Sackey, Research Paper 173.

Oil Wealth and Economic Growth in Oil Exporting African Countries, by Olomola Philip Akanni, Research
Paper 174.

Private Investment Behaviour and Trade Policy Practice in Nigeria, by Dipo T. Busari and Phillip C.
Omoke, Research Paper 175.

Determinants of the Capital Structure of Ghanaian Firms, by Jochua Abor, Research Paper 176.

Privatization and Enterprise Performance in Nigeria: Case Study of some Privatized Enterprises, by
Afeikhena Jerome, Research Paper 177.

Sources of Technical Efficiency among Smallholder Maize Farmers in Southern Malawi, by Ephraim W.
Chirwa, Research Paper 178.

Technical Efficiency of Farmers Growing Rice in Northern Ghana, by Seidu Al-hassan, Research Paper
179.

Empirical Analysis of Tariff Line-Level Trade, Tariff Revenue and Welfare Effects of Reciprocity under an
Economic Partnership Agreement with the EU: Evidence from Malawi and Tanzania, by Evious K.
Zgovu and Josaphat P. Kweka, Research Paper 180.

Effect of Import Liberalization on Tariff Revenue in Ghana, by William Gabriel Brafu-Insaidoo and Camara
Kwasi Obeng, Research Paper 181.

Distribution Impact of Public Spending in Cameroon: The Case of Health Care, by Bernadette Dia Kamgnia,
Research Paper 182.

Social Welfare and Demand for Health Care in the Urban Areas of Céte d'Ivoire, by Arséne Kouadio, Vincent
Monsan and Mamadou Gbongue, Research Paper 183.

Modelling the Inflation Process in Nigeria, by Olusanya E. Olubusoye and Rasheed Oyaromade, Research
Paper 184.

Determinants of Expected Poverty Among Rural Households in Nigeria, by O.A. Oni and S.A. Yusuf,
Research Paper 185.

Exchange Rate Volatility and Non-Traditional Exports Performance: Zambia, 1965—1999, by Anthony
Musonda, Research Paper 186.

Macroeconomic Fluctuations in the West African Monetary Union: A Dynamic Structural Factor Model
Approach, by Romain Houssa, Research Paper 187.

Price Reactions to Dividend Announcements on the Nigerian Stock Market, by Olatundun Janet Adelegan,
Research Paper 188.

Does Corporate Leadership Matter? Evidence from Nigeria, by Olatundun Janet Adelegan, Research Paper
189.

Determinants of Child Labour and Schooling in the Native Cocoa Households of Cdte d'Ivoire, by Guy
Blaise Nkamleu, Research Paper 190.



56

RESeEARcH PAPER 197



