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Agricultural Prices and Supply Response in Tropical Africa

Absiract

The objective of this thesis 15 to examine price performance, and estimate the aggregate
export and tood crop output response to output price and non-price variables in tropical
Africa and its four main agro-climatic regions  The analysis of real producer prices
indicates that there are more countries that exhibr ed a statistically significant decrease n
real producer prices than a sigmificant increase. Moreover, nominal protection coetticient
analysts shows that African crop exporters, on average, received a small proportion (5G
to 60 percent) of border prices. Using pooled cross-section and time series data, a partial
adjustment model was then specified to estimate agncultural export and food output
response. The results show that aggregate agricultural ¢ gport and food supply responses
to output prices n tropical Atrica are both positive and sig nificant but inelastic. The price
elasticity for the export crop output in Tropical Africa is ' 02 in the short run and 0.04
in the long run, and for the tood crop output 0.05 in the short-run and 0.07 in the long-
run. The responsiveness ot agriculture varies, however, across the main agro-

climatic regions n tropical Africa The estimated coefticient of the price variable and
price elasticity estimates regons reveal that producers in the Eastern and Southern Africa,
and Western Africa regions were responsive to price incentives, while producers in the
semi-arid Sudano Sahel and Central Africa regions were not. The trend variable, as proxy
of technology. is positive and significant in most regions, suggesting that the provision
of non-price tactors along with favourable price incentives, could be very etfective in

raising agricultural production n these regions.




Résumé
L objectif de cette these est d'exanuner la performance des prix et d'estimer impact
de I'offre agricole par rapport au prix et d’autres variables non hiés aux prix, sur
I"'ensemble des produits exportés et les produits non-exportds des principales 1égions
agro-chmatiques de I"Atnique L analyse des prix indigque gqu'il y a plus de pays qu
subissent des dimmnutions de prix réels de production, que d’augmentations  De plus,
I"analyse du coetticient nominal de protection démontre que les exportateurs agricoles
atricains reqoivent des prix intérieurs équivalant de 50 a 61 pour cent des prix
frontaliers. Un modele d’ajustement partiel utilisant un ensemble de données en coupe
transversale et de série chronologique a €té mis au point atin d'estimer les impacts des
politiques sur les exportations agricoles et la production ahmentaire Les résultats
significatifs démontrent que I'élasticité d’offre pour les exportations agricoles et les
cultures alimentatres est positive, mars cependant relativement inélastique. 1. Slasticité
prix pour la production agricole des produits exportés en Atrique tropicale est de 0.02
a court-terme et comparativement a 0 04 & long-terme  Pour ce qui est de la
production agricole des produits non-exportés, [I'élasticité est de 0.05 a court terme
alors qu’elle est de 0.07 a long terme  L’impact des politiques visant 4 sumuler la
production alimentaire vane cependant d'une région a 1’autre et méme a 'intéricur de
la principale région agro-climatique de I’ Afrique tropicale. L’estimation des
coefticients pour les prix au producteur et pour 'élasticité démontre que les

producteurs de I’ Afrique de I'est, du sud et de 'ouest sont incités a la production par




des prix avantageux, contrairement aux producteurs de la région soudanaise
sahelienne et de I'Afrique centrale. Le modele mis au point indique que I'évolution du
temps, une mesure de 'évolution technologique, ainsi que des prix favourables, sont

des facteurs importants qui contribuent & augmenter la production alimentaire.
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CHAPTER 1
INTRODUCTION

1.0 Probiem Statement

Agriculture is the cornerstone of African economies, in terms of providing
employment and generating foreign exchange earnings (African Development Bank,
1990). Despite the relative importance of this sector, troptcal Atnca' has had a poor
agricultural performance. It has experienced a decliming per capita tood production and
a falling world market share of main agricultural export commodities since the 19705
(World Bank,1989). As a result, Africa’s foreign earmings have deteriorated while tood
imports have skyrocketed during this period.

Government intervention in agricultural markets has been cited as the main cause
of the agricultural crisis. African governments have established marketing boards that
regulated agricultural markets by setting producer prices of the main tood crops to
subsidize urban consumers. The boards have also imposed high taxes on agricultural
exports to generate revenue for the industrialization process (Hanrahan and
Christensen, 1981; Ghai and Smith,1987). Various studies have indicated that these policy
measures distorted producer price incentives and as a consequence, reduced agricultural
production (World Bank, 1981,1986).

The impact of price distortion resulting from government intervention depends

on the manner in which producers respond to policy measures and how government tax

' Tropical Africa is also called Sub-Saharan Africa. |

1




revenues collected from the agricultural sector are used. Thus the responsiveness of
farmers to price incentives becomes an important issue in the literature of the supply
response. Considerable effort by researchers has been directed towards examining the
supply response of the main individual crops m tropical Africa. Most empirical studies
have shown that tarmers in the region do respond positively to price incentives
(Bond, 1983; Binswagner,1989). This evidence relates to the etficient allocation and use
of resources mn the agricultural sector. On the other hand, the aggregate agricultural
supply response to output price is crucial for optimal resource allocation between sectors.
There is, however, little evidence on the aggregate supply response to price. The absence
of empirical evidence on the aggregate agricultural supply in tropical Africa may be
related to a lack of sufficient information on African agricultural markets (Lele,1989).
The main purpose of the study is to examine how government intervention in
agricultural markets affects producer price incentives and agricultural production in
tropical Africa.
1.1 Objective of the Thesis
The main objectives of the thesis are:
1. To examine the recent agricultural performance and discuss the main factors
contributing to current agricultural problems.
2. To evaluate the trends of real producer prices of pnimary export crops and staple
crops and to calculate the degree of price distortion of export crops arising from
government intervention in a selected sample of tropical African countries.

3. To estimate the agricultural supply response to price and non-price variables in




tropical Africa and the main agro-climatic regions.

4. To assess the relative importance of price and non-price variables in explaining
the agricultural production in tropical Africa.

5. To assess and compare the inter-regional ditferences in the agricultural supply
response using a common estimation approach and variable specification.

6. To discuss the policy implications of the results,

1.2 Organization of the Thesis

This study examines the responsiveness of African agriculture to price and non-
price ftactors. This chapter introduces the problem statement and presents the objectives
of the thesis. Chapter two deals with the importance, mam characteristics and
performance of African agriculture. Moreover, it discusses government intervention in
the agricultural sector. Chapter three discusses the methods used to assess price
performance over time and price distortions in the agricultural sector. This chapter also
reviews the literature on supply response to price and non-price factors. The studies on
individual as well as aggregate supply response are surveyed to reach conclusions needed
tor model specitication. Chapter four discusses econometric techmques refating to the
combination of cross section and time series data. It also discusses specification tests used
to identify the source and behaviour of the output variations Chapter five specities the
econometric panel data model used to estimate the responsiveness ot Atrican agriculture.
Chapter six presents the performance of producer prices over time and price distortions

on the main export crops in a selected sample of African countries. Chapter seven




reports the results of the estimates of the aggregate agricultural supply response to price
and non-price factors in the food and export sectors in tropical Africa and four agro-
climatic regions. Finally, chapter eight summarizes the main findings and provides the

conclusion of the study.




CHAPTER 2
OVERVIEW OF TROPICAL AFRICAN AGRICULTURE

2.0 Introduction

This chapter provides an overview of the role of agriculture in African economices
and government involvement in the agricultural sector. Section 1 focuses on the
importance of agriculture in African economies. The structure of Afnican agricultuie 1s
featured in section 2, is followed by a descriptive analysis of agricultural export zad tood
production over the 1970-1990 pertod in section 3. Government intervention in
agricultural markets is discussed in section 4.
2.1 Importance of Agriculture in African Economy

Agriculture is the dominant sector of African economies. On average, it accounts
for over 65 perceni of gross domestic product (GDP), provides direct and indirect
employment for over 60 percent of the economically active population and contributes
from 50 to 60 percent of exports (African Development Bank, 1990). A successful
agricultural program is therefore the cornerstone of a recovery strategy for agriculture and
other sectors for many countries in the region. According to the seminal paper "'T'he Role
of Agriculture in Economic Development" by Johnston and Mellor (1961), there exist at
least five direct roles that agriculture can contribute in a developing cconomy: (1)
agriculture can provide food for the people, (2) 1t can generate foreign exchange
through agricultural trade, hence contributing to the balance of payments, (3) it can also
transfer excess labour and capital to non agricultural sectors, (4) it can ratse the income

of rural inhabitants, thereby, increasing the demand of non-agricultural inputs, and (5)




it can increase the rate of the capital accumulation required for the promotion of a
vibrant industrial basc.
2.2 Characteristics of African Agriculture

According to the 1992 World development report, tropical African countries
(forty-six) have a population of about 500 million and occupy a total area of 2184 million
hectares. The arable land is estimated to be about 816 millions hectares whereas only 25
percent of the area is currently used for agriculture, so the agricultural land reserve for
the region as a whole is high (see Table 2.0). The structure of African agriculture can be
characterized as a dualistic: small-scale peasant farms and large-scale estate farms. Most
of the tarmers in tropical Africa are small-scale farmers (farming from 2 to less than 10
hectares), occupying about 80 percent of the landholding on the continent (Eicher et
al, 1990, pp.41). Small-scale farmers produce staple food crops mainly for home
consumption and some surplus produce for marketing. In the smallholder tfarming, family
labour is the main input of agricultural production while purchased inputs are very low.
Estate farms and large plantations constitute about 20 percent of landholdings in Affrica.
In general, the large-scale farms are more capital-intensive than the smallholder tarms.
The large-scale tarms produce both cash and food crops tor export as well as for local
markets.

Although tropical African countries have similar economic structure, they differ
in their climatic conditions and natural resources. Variable rainfall is the primary cause
for the variability of the agro-climate, since temperature is generally high throughout the

year.




Table 2.0 Agricultural Resource and Input Use in Tropical Africa
and Four Main Agro-chimatic Regions

Agro-climatic Arable Land Irmgated Fertilizer Agricultural Agne
Regions® o hrea® Consumption  Tractors Labour
{number of Force
Potential In Use (%) {Kg/ha) per 1000 ha) tha/Units)
(mill ha) % of . o o
Potential

1987 1987 1980-87 1987 1982-87 1987
Sudano-sahel 1239 57 4 84 41 07 28
Waestern Afr  a 95 5 525 2.3 61 16 20
Central Africa 286 1 17 8 07 19 07 25
East and southern Africa 306 0 47 4 61 13 1 36 14
Tropical Africa 8157 2590 43 113 17 22

a The Sudano-Sahel (or semiand Sudano-Sahel) region includes Burkina Faso, Cape Verde, Chad, The
Gambria,Mali, Mauntania, Niger, Senega,! Somatia and Sudan

Western Africa is Humid and semi-and Western Africa The Western Africa countries include Benin, Cote
d’'lvoire, Ghana, Cuinea, Guinea Bissau, Libena, Nigena, Sierra Leone and Togo

Central Africa (or Humid Central Africa) region includes Cameroon, Central Africa Rep Congo, Equatonal
Guinea. Gabon and Zaire

East and Southern Africa (or Sub-humid East and Southern Africa) region includes Burundi,Ethiopta, kenya,
madagascar, Mauntius, Rwanda, Uganda, Angola, Botswana, Lesotho, Malaw:, Mozambique, Swaziland,
Tanzania, Zambia and Zimbabwe

Tropical Africa 1s the total of these tour regions

b Irngated land as a percentage of arable and permanent crop land, agricultural labour (units per arable land)
and number of tractors per arable land, Fertilizer consumption in terms of kilogram of plant nutnents (NPK)
per hectare of arable and permanent crop land

Source. Data are taken from the State of Agricuiture and Food (FAO),1990.




The Food and Agriculture Organization (FAO 1986) has classified tropical African
countries into five agro-climatic zones. They are Semi-Arid Sudano-Sahel, Humid and
Sub-humid Western Atrica, Humid Central Atfrica, Sub-humid and Mountain Eastern
Africa and Sub-humid Southern Africa. Following La-Anyane (1985), countries in sub-
humid Eastern Atrica and sut.-humid Southern Africa regions are grouped together to
form the Sub-humid Eastern and Southern Africa region. Thus, four main agro-climatic
regions will be discussed in this study (see Map 1)

Agricultural input use varies across the four agro-climatic regions as shown in
Table 2.0. Although tropical Africa can be characterized as land-surplus relative to the
Asian countries, the distrtbution of arable land 1s uneven across the main agro-climatic
regions. The cultivable land is 306 million hectares (mill. ha) in Eastern and Southern
Africa, 286 mill.ha in Central Africa, 123.9 mill. ha. in Sudano-Sahel and 96 mill. ha
in Western Africa region. Humid Central Africa has the highest land reserves, and only
about 18 percent of the arable land 1s cultivated while the other three regions use from
47 to 57 percent of the arable land. Most of the land reserves are marginal land which
can produce only half of the yields of the very suitable areas (Harrison,1989). Harrison
has also pointed out that the Sahel and the Western Africa region are already cultivating
over 90 percent of their most productive agricultural lands.

Soil type and quality are critical factors influencing African agriculture. The
importance of these factors n terms of agricultural production shows also a wide
variation among the main agricultural regions n tropical Africa. Soil type ranges tfrom

calcarious desert soil in the semi-arid region, to a deeply weathered and acid soil of the
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humid Central and Western Atrican regions (FAO,1986). The soil type 1n the Semi-and
Sudano-Sahel region s dorminated by porous loamy sands that have lower fertility and
water-holding capacity. The vanability ot raintall and poor soil fertility tend to be the
most constraining factors m the semi-and region (Malton, 1990). On the other hand, the
dark alluvial soils in humid Central and Western Africa have greater water availability
but the soil layers are thin and susceptible to degradation when the protective cover of
vegetation 1s removed The expansion of agriculture 15 also constiained by the limited
solar insolation and low soil tertihty (Ter Kuile,1986). The Fastern and Southern region
is characterised by its high altitude which 1s responsible for the variation of rainfall across
these countries, ranging from 130 to 3500 mm (La-Anyane, 1985)

Improving sonl fertility 15 important to accelerate agricultural production in tropical
Africa. Agnicultural production 1s low because of low soil fertility combined with a
reduced fallow period under extensive farming methods The level of fertilizer
consumption is low relative to the other developing countries (Paulino, 1986). Fertilizer
production n tropical Atrica 15 estimated to be about 1 percent of world production,
while fertihzer use 1s about 3 percent of the world tigures (Bumb, 1991) The difterence
15 filled with impoits. During 1980-87 pertod, the average rate of fertilizer consumption
n tropical Atrica is estunated at about 11.3 kg. nutrients per hectare of arable land (see
Table 2.0}, and has been increasing at 6 percent per year since 1978-80. Among the agro-
climatic regtons, the Sub-humid Eastern and Southern African zone has the highest
fertilizer consumption rate (13.1 kg/ha.) while the humid Central Atrica zone has the

lowest rate (1.9 kg/ha). The rate is 6.1 kg/ha, in the Western Africa, and 4.1 kg/ha in




Semi-arid Sudano-Sahel zone.

Tropical Africa is also one of the least mechamezed regrons of the world A study
by the Food and Agriculture Organization (1986) showed that only [ percent of farm
power 1s provided by mechamcal equipment, 10 percent is provided by ammal power
and 89 percent by human labour. Improved tarm equipment, therefore, has not found its
way into African agnculture. The distribution of agricultural tractors per thousand
hectares of arable land across agro-climatic regions is shown n Table 2 0 Uhe average
number of tractors for tropical Africa is 1.7 per thousand hectares m [987  Eastern and
Southern region has 3.6 tractors per thousand hectares, Western Africa has 1.6 and both
the Sudano-Sahel and Central Africa regions have 0.7 tractors per thousand hectares.

In conclusion, much of African agriculture can be termed as a farming system
where farmers use few purchased inputs. The tarming practices are dominated by small
tarmers that produce food for consumption and some surplus tor market. Agnicultural
land potential and the utihzation ot purchased inputs varies and hence agricultural
production is different across the mawn agricultural regions. Any effort to assess the
agricultural situation and identity the related pricing policies ettects on agnicultural
production in tropical Africa without taking 1nto account these agro-climatic attributes 1s
likely to sutter from over generahization.

2.3 Agricultural Performance

Tropical Africa is currently tacing an agricultural crisis, despite the continent’s

agricultural potential. It has experienced declining per capita tood and agricultural

production since the 1970s. The challenge now confronting many policy-makers 15 how
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to improve the productivity of the agricultural sector so that there is enough food for the
African people and to generate the foreign earnings required for modernization.
2.3.1 Total Agricultural Production

In the 1970s, total agricultural production in tropical African countries grew hy
1.4 percent per year while the population 10se at a rate of 2.7 percent. As a result, the
agricultural production per head declined by 1.5 percent per annum (see Table 2.1).
Agricultural performance of the region did not improve much in the 1980s, although
many African governments attempted to diversity their agricultural production bases. The
growth rate of agricultural output increased to 2.8 percent per year in the 1980s.
However, the agricultural production per capita still declined by 0.4 percent per annum
because of the higher population rate of growth (3.2 percent) in Tropical Africa and the
lack of sufticient technological innovations required to raise factor productivity.

The pattern of the agricultural growth rate in the region, as a whole, may mask
the difterent patterns experienced by the individual countries. The annual growth rate of
agricultural production for twenty tropical African countries is also shown in Table 2.1.
It should be noted that only six countries registered an agricultural production growth rate
of over 3 percent per year during the 1970s period and another 11 countries experienced
a growth rate of between 1 and 2 percent per year. In 1980s, the agricultural performance
improved in many countries. The number of countries with a growth rate greater than 3
percent has increased to eight, while another nine countries have shown an annual growth
rate of between 2 and 3 percent per year. On per capita basis, however, all

tropical African countries, except five countries for agricultural production and six for
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Table 2. 1 Statistics of Agricultural Performance per Annum (in percent), 1970-90

Rate of GROWTH

Rate of GROWTH

OF TOTAL OF PER CAPITA

PRODUCTION PRODUCTION

AGRIC FOOD AGRIC FQOD

70-80 80-90 70-80 80-90 70-80 80-90 70-80 80-90
A." High Performance"'
lvory Coast 5.1 32 60 36 10 07 19 -03
Tanzania 42 2.5 49 49 08 -12 15 15
Malawi 38 1.2 32 32 06 23 13 -13
Zambia 37 37 38 38 05 02 02 02
Kenya 32 4.3 23 47 05 05 -1 4 09
Mali 30 25 27 27 07 02 04 05
B. " Fair Performance”
Zimbabwe 23 3.5 11 26 -08 03 -19 -08
Sudan 2.2 2.2 31 31 -16 -16 04 04
C "Low Performance”
Chad 1.8 23 19 20 3 -01 01 -04
Zaire 17 2.1 1.8 21 -1.1 -09 -11 10
Somalia 16 3.4 1.6 34 -22 0.0 -4 2 00
Ethiopia 1.6 0.5 1.6 06 -1 -20 11 19
Madagascar 15 1.9 1.5 19 -12 -1 2 <12 12
Cameroon 14 1.9 14 20 -13 -1.3 -13 12
Senegal 14 3.2 14 32 -14 03 -15 04
Burundi 13 25 12 24 -03 -04 04 -05
Nigeria 10 48 10 48 -23 -14 22 14
D " Very Low Performance"
Uganda -0.7 10 03 10 -3.6 14 -3 2 26
Ghana -09 45 -0.9 4.7 -30 11 31 13
Mozambique -09 0.6 -03 07 -33 -20 -28 -19
Angola -35 -0.2 -02 02 -6.6 -28 -30 24
Tropical Africa 1.4 28 1.8 2.7 -15 -04 12 05

Note. The Countries are ranked according to the rate of growth of total agricultural production during the

1970-80 period

1 High Performance refers to tne 1970-80 agrnicultural growth rate, over 3 percent per annum, Fair
Performance include the rate of growth between 2 to 2 9 percent per year, Low performance refers to the
growth rate between 1 to 1 9 and Very Low Performance is growth rate below 1 percent per year

Source The data used to calculate the annual growth rate are taken from UNCTD, Handbonok of International
Trade and Development Statistics, 1991 table 6 5 p 467
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food production showed negative growth rate during the 1980s.
2.3.2 Agricultural Food Production
Food production has lagged behind tood demand in many African countries. Per
capita food production declined by 1.2 percent, although total food production in Tropical
Atrica rose by about 1.8 percent per year during the 1970s (see Table 2.1). The average
growth rate in per capita tood production continued to detertorate in the 1980s, indicating
a fall of 0.5 percent per annu.n, even though there was some improvement in food
production of 10 percent in 1985, followed by a further increase of 4 percent in 1986.
Food production in Africa constitutes a large portion of overall agricultural
production. Because of this, a close relationship exits between total agricultural growth
and food production growth rates. Countries with a high growth rate in total agricultural
production in the 1970s, also showed a high growth rate of food production. Four
countries (Ivory Coast, Tanzania, Malawi and Zambia) registered an annual growth rate
of food production of more than 3 percent in the 1970s. Thirteen countries registered a
growth between 1.0 and 2.7 percent per year. Another four countries showed a negative
trend in food production over the same period. The per capita growth rate in food
production was positive in only four countries in this sample during the 1970s, while
seventeen out of twenty-one countries showed a declining growth rate. The number of
countries with a positive trend in per capita food production increased in 1980s to six
countries while fourteen countries showed a negative growth rate in per head food

production.
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2.3.3 Agricultural Export Production

The export volumes of most the countries in the region experienced positive (about
2.3 percent per year) growth rates during the 1960s (Alexandratos, 1988). Since then, the
growth rate of the exports declined by 2.2 percent per year in the 1970s as shown in
Table 2.2. In the latter period, 25 countries experienced a deteriorating agriculwural export
performance. Agricultural exports further declined at an average rate of 0.4 percent per
annum from 1980 to 1985. Only seven countries (Burkina Faso, Cameroon, Kenya,
Malawi, Mali, Mauritius and Ivory Coast) have maintained a positive annual growth rate
in agricultural exports during the 1961-85 period (Alexandratos, 1988) These countries
include those with high agricultural output, indicating that there exists a relationship
between the performance of total agricultural production and exports. The positive
relationship between overall agricultural production and exports may imply that countries
with higher total agricultural output export more to foreign markets and proceeds of the
increased exports may bring in more of the scarce capital inputs needed to further raise
food production.

Africa’s share in the world production for primary agricultural commoditics
declined since the 1970s. Most of the African countries depend for thier export earnings
on few (one or two) primary commodities which have little domestic demand The
combination of higher concentration of export crops and limited possibihity tor domestic
absorption of export products, has made the countries vulnerable to vagaries in the

international market.

14




Table 2 2 Growth Rates and Share of the Agricultural Exports in Tropical Africa'

Growth Share in Growth Share

Rate total Rate of in Total
Country of Exports Exports (%) Exports Exports (%)

Country

70-80 80-85 80-85 70-80 80-85 80-85
Rwanda 9.0 7.3 82 Mauritama -1.8 -3.0 12
Malawi 7.3 19 92 Sudan -3.0 -4.1 19
Mali 6.3 0.2 95 Madagascar -3.6 -2.8 82
Swaziland 4.7 2.5 52 Ethiopia -4 2 -3.1 81
Botswana 45 6.1 10 Tanzania -4.4 -4.9 38
Zimbabwe 38 2.6 41 Zambia 55 7.6 41
Kenya 3.6 4.0 86 Togo -5.6 0.2 38
lvory Coast 3.6 4.7 70 Ghana -6.5 -5.2 28
Chad 2.2 -2.8 20 Nigeria -6.8 -5.7 30
Burkina Faso 1.7 0.6 89 Mozambique -7.9 -24.4 49
Cameroon 0.5 0.1 45 Guinea -8.3 -14.6 6.0
Zare 03 -5.1 16 Uganda -8.4 5.5 91
Liberia -0.1 1.2 28 Benin -12.4 21.8 77
Burundi -0.2 g.2 90 Congo -15.4 15.8 17
Sierra Leone -0.3 5.1 35
Gabon 08 -14.2 2.0
Gambia -12 0.8 52
Somalia -1.3 -11 7 36
Senegal -1.8 18 24

Tropical Africa -2.2 0.4 26

1. Agricultural exports are in physical units.
Source: Alexandratos {1988) World Agriculture Toward 2000, pp.323
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The shares of tropical Africa’s total exports (agricultutal and non-agricultural)
relative 1o world trade and to Less Developed Countries (LDC's) from 1960 to 1990 are
shown in Table 2 3. The share of tropical Africa in total world trade i the eatly 1960°s
was 2.9 percent. Since then, there has been a gradual decline and in 1990 the share was
down to 1.1 percent. Africa’s export share relative to other L.DCs increased in the 1970,
but it subsequently deteriorated in the 1980s, and was down to § percent of LDC exports
in 1990.

In summary, per capita food and total agricultural production deteriorated in the
1970s and 1980s Hence, many countries became dependent on tood imports Moreover,
there was a stagnation in agricultural exports and loss of the export share n world trade.
As a result, many countries had difficulty in importing the necessary agriceltural inputs
such as fertilizer.

Table 2.3 Total Export Value: The world, Less Developed Countries (LDCs)
and Tropical Atrica

Region 1960 1970 1980 1990

Billion of current US dollars

World 129.1 315.1 2002 3415.3
LDCs 283 579 573.5 738.0
Tropical Africa 3.8 8.0 49.4 36.8
Share of Tropical Africa (of) (percent)

World exports 29 2.5 2.5 11
LDC exports 13.4 13.8 8.6

Source: UNCTAD,Handbook of Internationa! Trade and I_)'e.v“e-lupmenl Statistics
(1991), Table 1.1,pp.4-6.
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2.4 Causes of Agricultural Problems

Several hypotheses have been put forward to explain the causes and establish
potential remedies tor the poor agricultural performance in tropical Africa. In general,
the debate on Atrican agniculture 15 based on two main schools of thought which appear
largely opposed to one another: underdevelopment theory and development theory.
According to the proponents of underdeveiopment theory, the agrarian crisis in tropical
Africa is mainly the outcome of a world economy designed to serve the interests of the
industrialized nations. Therefore, restricting the region’s openness to external economies
through an import substitution strategy will minirnize or even correct the excessive
vulnerability of the African economy (Timerlake,1985). On the other hand, the price
fundamentalist (or advocates of the development theory) have underlined the increasing
imbalance between population and food supply (Lofchie,1989) . The roots of the
agricultural problems, as they see it, include high levels of population, low levels of
technology and government policies that favour urban areas at the expense ot agriculture.

The fact that these two groups used different models based on ditferent
assumptions and resch ditferent conclusions is quite evident. The proponents of
underdevelopment theory emphasize the factors that are external to a specific country as
well as to the region, such as Africa’s dependence on few primary comme dities and their
declining terms of trade, lower demand for agricultura!l commodities and the ever-
increasing producer support policies employed by the industrialized countries. In contrast
to the above line of reasoning, the supporters of the traditional development theory

emphasize the internal factors. Agricultural pricing policies, marketing intervention and
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higher population growth were the key to the arguments (Lofchie, 1989). Privatization for
publicly-owned enterprises, trade liberalization, and family planning were seen not only
as means to reverse the agraran crists, but also to improve the whole cconomy  In
discussing the gap between these two approaches, Timerlahe (1985,p.83) noted:

Those to the left «ee cash crops as naked capitalism, continuing to exploit

independent Africa as it did the colomal Atrica severely exploiting the majority of
peasants. Those to the right see cash crops as the only way Africa can enter the world
marketplace and earn the foreign exchange which so desperately needs o improve the
(welfare)...of it’s people.

Although both approaches ofter insights on the current agrarian cnisis, there is
now some consensus among African observers that the continent-wide tendency to control
and depress agricultural prices played an important role in contributing to the agricultural
crisis (Ghai et al.1987). The weight needed to assign to the price effect in explaining the
agricultural problem is still a much debated question.

2.5 Government [ntervention in Agricultural Markets

Agricultural pricing policy is one of the key tarm issues now facing maay tropical
African countries. African governments have pursued pricing pohcies that regulated food
prices, taxed agricultural export commodities and overvalued domestic currency (World
Bank,1981). The main economic rationale for the pricing policies related to the
vulnerability of agricultural producer prices to climatical variability and price uncertainty
Governments have intervened m agricultural markets to reduce price and production
instability, hence creating a more favourable environment for agricultural production. As

a consequence, governments have established marketing boards which were responsible

for the day-to-day marketing operations of agricultural products (Jones, 1984). The main




objectives of marketing boards have included: ensuring national food security, and
generating revenues needed tor the creation of national research and extension services,
and road infrastructure (Ghai et al., 1987, Hanrahan et al. 1981).

The marketing boards have administratively set the price of major staple foods
and export commodities and enforced the official producer price through buying and
selling operations of marketing boards (Hanrahan et al. 1981).

The policy instruments have affected the level and composition of agricultural
production, thereby transferring resources either from agriculture and/or within the
sector. Development economists have spent a great deal of efforts in examining the effect
of government intervention on producer price incentives and production of export and
food crops. A World Bank (1981) report (Berg report) reviewed government
interventions in agriculture and the effect of these interventions on producer price
incentives in Africa during 1970s. The report showed that governments used pricing
policies and inward-looking trade strategies that represent a systematic bias against the
agricultural sector. The report concluded that pricing policies pursued by the governments
in the region have (i) systematically taxed export agriculture by paying farmers a small
fraction of worid prices; (ii) and set food crop prices below the "free market” price level
in order to subsidize consumer prices.

Other researchers have questioned the general conclusions made by the Berg report
about export and food crop prices. Ghai and Smith (1987) used the official national
producer prices for the major export and food crops in a sample of 18 tropical African

countries to examine the secular movement of food and export price performance during
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1970s. Their results showed that food prices rose relative to the consumer price index in
most of the countries while the real producer price of export commodities declined over
time. Other studies on price performance over time have also obtained stmilar results.
One such study (Lele, 1989) examined, among other things, the secular movement of food
and export prices for six African countries over the 1970-87  Ths study also showed that
the price system has favoured food relative to export crops durtng 1970s and nud 1980s.
The higher cost of marketing operations and failure of government policies to
achieve their intended goals has recently induced many African governments to reform
agricultural markets and to use pricing policies that rely on market forces (Gray, 1992).
The policy measures used have included the reduction of taxes on export commodities,
removal of input subsidies and liberalization of the currency exchange market. Moreover,
many countries in the region have liberalized food markets. Prehminary analysis on the
effects of the policy reforms in agriculture suggested that the countries with stronger
policy packages experienced a better exports and overall economic performance than those
with weak policy reforms (Cleaver,1993, Jaeger,1992).
Despite considerable effort on producer price analysis during 1970s, our knowledge of
the link between government interventions in agricultural markets and their effect on
producer price incentives is still inconclusive. Moreover, most empirical studies have
dealt with a limited number of tradable commodities and have mamly ignored the
behaviour of food crop prices in Africa. Hence, in this study, the price performance of
staple food as well as export crops, in terms of the growth rates over the past two

decades for tropical African countries, is analyzed and presented 1n chapter six.
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CHAPTER 3
LITERATURE REVIEW
3.0 Introduction

‘The main objective of this chapter is to discuss the methods used in assessing the
eftects of government intervention on producer price incentives {section 1) and to review
the literature on studies of the supply response (section 2).

3.1 Calculation of Producer Price Trend

Producer prices play a critical role in the pricing policy and marketing operations
of agricultural commodities. Prices received and prices paid by producers are subjected
to a wide array of government intervention 1n all countries in the region (Hanrahan et al.
1981). For given technology and input prices, real producer prices for agricultural output
can be used as a measure of producer incentives. The marketing boards, as instrument
of food security, have adjusted the official producer prices to subsidize the urban
consumers (Jones, 1984).

A key policy issue relating to price performance is to examine and determine the
change in direction and magnitude of agricultural prices over time. In a recent study,
Ghai and Smith (1987) used an exponential compound growth model to assess the change
in food and export crop prices over time in selected tropical African countries. The model
uses the whole sample period to estimate the annual growth rate and provides a measure
of statistical significance of the estimated growth rate.

The average annual compound geowth rate of producer price (nominal producer

prices deflated by consumer price index) can be estimated by using the least squares
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method. This regression model can be represented as:

InP,=a+bT + ¢ 3.0
Where P, is the real price at time t, T is tume trend variable, a and b parameters to be
estimated in the regression. The value of the time trend coetticient represents the
estimated compound annual growth rate of the price series being examined’

In principle, the growth rate of a real producer price may exhiat a posttive trend
it the marketing boards pursue pricing and marketing policies that tavour farmers relative
to urban consumers. On the other hand, if government pricing policy discourages
agricultural producers through high taxation, the rate of change in real producer prices
over time may show a negative trend. If authorities implement pricing pohicies that do not
represent a bias against agriculture, real prices may remain constant.

3.1.1 Nominal Protection Coefficients

Producer price performance of tradeable commodities can be also assessed using
a price setting criteria based on the border price as reference point that would prevail in
the absence of interventions. The free on board (f.0.b) price of a export commodity is
derived from the appropriate world market price. This market price 15 converted into
domestic currency equivalent using the official exchange rate to give the horder price,

which is adjusted for internal transportation and marketing margins. The rationale for

2

The exponential growth model assumes that the annual growth rate of price
series is constant over the whole sample period, The estimated coetficient of the time
trend variable is still unbiased and consistent 1t the price series is stationary over the
sample period. The estimated coetficient can be used w approximate the annual
compound growth rate of the price series, especially when the goodness of fit or the level
of significance is high.
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using a border price of a exportable commodity for policy analysis 1s based on the
assumption that world price signals the producer’s opportunity cost of resources and
earmings trom the sale of agricultural products in world markets. Aligning, theretore,
domestic producer price of a tradeable commodity with its border price relates to
economic etficiency of the resources and indicates an optimal sitvation (Lets and
Scandizzo 1980).

Empirical studies on the measurement of price distortion and agricultural
protection have employed a wide range of methods (Lutz et al. 1980). A simple method
commonly used in estimating the etfect of price policy intervention is Nominal Protection
Coetficient (NPC)*. Although other methods give more details of the impact of the
interventions than the NPC, similar conclusions can be drawn trom their results (Taylor
et al. 1991). The NPC is measured as the ratio of domestic price to border prices which
can be represented as :

NPC = PYP* (3.2)

Where P! is the domestic farm-gate producer price of a commodity i for a given country
and PY is the border price of the commodity i expressed in country’s local currency at
the official exchange rate. The NPC value measures the extent of price distortion or
subsidization for a given commodity arising from government's direct intervention on

agricultural markets. Movements of the price ratio over time demonstrate whether official

Other approaches can be used in price analysis studies. Some of these methods include
the eftective nominal protection, consumer subsidy and producer subsidy equivalent and
resource ratio.
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producer price is moving toward or away trom border price or "equilibrium prce”. The
movement of the NPC can be influenced by a change in the domestic producer, world
price and exchange rates (Jacger and Humphrey, 1988)!

The value of nommnal protection may not necessarily be  a reasonable
approximatton for the price distortion taced by the producers of a commodity.  The
degree to which a lower nominal protection coetticient impites a bias against agricultural
producer, depends on the ultimate goal ot the funds extracted from taxation Governments
in the region have mtervened in the agricultural export market by paying lower prices
relative to world prices when commodity markets are booming. A range of the NPC
values rather than a single value might be more relevant in indicating price distortions,
In a recent study, Bayerlee and Sain (1987) suggested that NPC values ranging between
0.85 and 1.15 retlect a policy environment free of taxation and tree of subsidization 'The
NPC value less than 0.85 implies a tax on producers of the commodity while a NPC
values greater than 1.15 retlect a subsidization.

Aggregated producer prices for the main food and export crops are also importard
for examining agricultural production decisions 1n tropical Afiica. A method of
aggregation is, however, required in order to estabhish a producer price index. ifterent
formulas are used in constructing weighted aggregate price indices  The choice of a

method depends on the objective of the price indices and the availability of data In any

The effects of agricultural policies might be decomposed into direct eftects (those arising
trom instruments directly targeted at the agricultural sector) and indirect etfects ( those
resulting from macroeconomic instruments such as trade measures and exchange policy.
This study focuses primarily on the etfects trom direct agricultural policies  Other studies
have considered the mdirect effects of macroeconomic phenomenon on the African
agriculture (see Jaeger and Humphrey, 1988)
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approach, it is essential to determine the base year and weights for the index. A
representative base year is usually chosen for its relative stability compared to other
years. In practice, it is hard to obtain any normal and stable year. The Food and
Agriculture Organization (FAO) constructs agricultural statistics using 1980/81 crop as
the base year. This study will employ the same base year as that of the FAO. The indices
for the weighted real producer prices reflect the percentage change in the price of the
commodity in a given period of time to the price paid for the commodity at a specific
period of time.

Previous studies have used various weights in computing weighted producer price
indices. Park (1978) argued that weights should reflect on the relative importance of each
commodity and he used income shares as weights. Dormerger (1987) used both income
shares and a simple average of the number of commaodities used in the analysis (ie, 1/n,
where n is number of commodities ) as weights to examine the effect of price variability
and inflation on U.S industry. Dormberger argued that his findings were unaffected by
the choice of the weights. In a recent study, Jaeger(1992) used production value as
weights in constructing producer price indices for a sample of African countries. In this
study, a Laspeyres index was used in order to construct a weighted average of producer
price for food and export crops over the 1975-90 period®. The production for each crop

covered in the study is used as weights for the price index.

Laspeyres Price Index (L,) = L., (P, Q, / Py, Q) , where P, and Q, are price and output of
commodity 1 at time t and P, and Q,, are price and quantity of the ith commodity in the base
period (1980/81=100). In this study, the laspeyres index is chosen over the others such as the
Divisa index for the availability of the data and the ease of calculation.
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3.2 Literature Review of Supply Response

This section reviews the key determinants, estimation methods used and previous
empirical evidence of the supply response to price and non-price factors in tropical
Africa. It is divided into three sub-sections. The first sub-section provides a discussion
on the main factors that influence agricultural supply. The second sub-section discusses
the theoretical background for the dynamic supply response analysis. Finally, sub-section
three surveys the empirical evidence on agricultural supply response in tropical Africa.
3.2.1 Price and Non-Price Incentives

Traditional production theory assumes that relative prices, technical innovation and
agro-climatic situations influence the profitability and the supply of the agricultural
producis. Given a production technology, the relative movement in prices that farmers
receive for what they produce and for what they pay for inputs and consumer goods, are
critical in influencing agricultural production. Government’s price policy affects producer
price incentives and production in many ways. Policy measures that provide a favourable
price incentive to agriculture relative to non-agriculture increases agricultural output. On
the other hand, policy measures that lower agricultural price mcentives through heavy
taxation (direct or indirect) may depress producer incentives leading to a reduction in
farm profitability and agricultural production (Schultz,1978).

Adoption of appropriate technology in the agricultural sector can also raise the
productivity of farmer’s resources under a given price structure. Government investment
in the non-price factor, can also improve net farm revenue by increasing agricultural
output and/or lowering costs of production. The availability of a better roads and

transportation facilities can reduce, for instance, the cost of production by lowering

206




transportation costs. Effective extension services for farmers can assist producers to
respond to economic stimuli by reducing the cost of market information. Policy measures
that encourage the adoption of high-yield cultivars, tertilizer usage and the better
agronomic farming practices can also increase agricultural production and improve the
profitability of agriculture.

Weather conditions help to determine agricultural potential and constraints in a
region. Bad weather condition such as a drought, can adversely atfect farm profitability
by reducing agricultural production. Farmers in poor agro-climatic regions (semi-arid
Sahel zone, for example) may lack the physical resources to cope with yield fluctuation.
Investment in irrigation can play an important role in stabilizing agricultural production.
3.2.2 Agricultural Supply Function

Econometric studies on supply analysis are carried out within the microeconomic
tramework, applying the results that hold for a firm directly to an industry and country.
In this framework, the production function forms the foundation of agricultural supply
analysis (Heady,1957). The static supply function, derived from the static theory of
optimization, provides the conceptual starting point of the analysis of the producer supply
response (Heady,1957). The supply function of a commodity refers to the quantity
oftered for sale at various prices, other factors remaining constant.

The estimation of the agricultural supply response to price is complicated since
agricultural production decisions are subjected to a great deal of uncertainty, resulting
trom variability of agricultural output, yield and prices. Moreover, a production function
is time dated and output measured over time tends to be in disequilibrium. Farmers

require time to adjust to the changes in the relevant variables such as prices and
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technology. These problems have motivated researchers to frame supply models that
accommodate the dynamic process that is inherent in production.
3.2.3 Nerlove Supply Response

It is widely recognized that producer’s behaviour should be formulated on a
dynamic basis (Nerlove, 1958). In dynamic modelling, two econometric approaches are
proposed: indirect estimation and the direct approach.

The indirect approach assumes that the supply response to output price can be
derived from a knowledge of the input demand response to prices (Griliches 1957). The
aggregaie supply clasticity is calculated by summing the products of the clasticity of
supply with respect to each input, and the elasticity of input with respect to it’s price. The
indirect estimation approach requires a reliable data on the quantities and prices of the
main inputs, which are not currently available in most of the African countries.

A model that has a wide acceptance in agricultural supply analyss is the direct
estimation method, formulated by Nerlove (1958). The Nerlove model is composed of

three equations (Askari and Cummings (1977).

Q,=a+bP +U, 3.3)
Q = Q‘, + (1I-7) Q. 0<r<I (3.4)
P,=P,+ BP._,-P.) 0<B<I (3.5)

Q" is the desired level of output in period t, Q, is the actual output level in period t, P
is the expected real producer in period t, P, is the actual real producer price in period
t-1 and P, is the actual real producer price in period t. The coefficients of the behaviourial
equations are a and b. The expectation coefficient is B and the rate of adjustment

associated with technical and institutional rigidity is « (Nerlove, 1958). U, is a
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disturbance term.

The conceptual starting point of the statistical derivation of a supply function is
equation (3.3) which expresses the planned (or desired) output as function of expected
output price. The formation ot future expectations on the price and output are essetial
for the stability of the equilibrium. It s, however, a difticult task to know exactly how
farmers form therr price expectations, because both the planned output and  expected
price are subjective matters which are not observable. Weather and other climatic
variables can make realized output deviate from planned output. In addition, only past
and to some extent current price data are available to farmers. Hence, proxies for
expected prices and output need to be used to estimate output response to price. Nerlove
(1958) postulated two types of models: an adaptive expectation model, and a partial or
stock adjustment inodel.

Equation (3.5) represents Nerlove’s adaptive price expectation approach. It states
that farmer’s price expectations are derived from the sum of the past actual price
observation and a proportion () of the difference between actual past price and past
expected price. The weight assigned to these past prices are arranged in such way that
the recent price observation receives the maximum weight and the dJistant past price
receives minimum weights. Equation (3.4) is the partial adjustment hypothesis. It
describes the rule for the actual output level as function of actual and planned output in
the previous period. It states that the actual output is partially adjusted in proportion to
difterence between last period’s actual output and long-run equilibrium output. Assuming
that the producer’s price expectation is adaptive and the planned output is partially

adjusted, the following reduced- form equation can be derived by combining the above
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three equations. As shown by Hallam (1990,p51), this yields,
Q= amB +bwaB P, + [(1-B) + (1-MJQ ., - { I-w )1-B) Q,, + V,
where V, = U, - (1-B) U,, 3.6)

The problem of this estimation equation is that « and B cannot be identified
separately. The estimating equation can be solved under the assumption that either of the
two coefticients is equal to 1. This restriction implies that there are either no delays in
adjustment or farmers use a naive price expectation formation process.
3.2.3.1. Adaptive expectations model

The basic premise of the adaptive expectations model is the assumption that
producers form long-run expected prices for their produce based on the past observed
prices. The general formulation of this model consists of a supply function that postulates
the actual output (Q,) as a function of the expected producer prices (P7), that s,

Q,=a+bP, +U, 3.7
and mechanism for forming price expectations (equation 3.5).

The reduced-form supply equation based on the adaptive hypothesis can be
obtained by inserting the adaptive expectation hypothesis (equation 3.5) in equation (3.7).
After applying the Koyck's transformation to the resulting equation®, we get

Q =aB +bB P, +(I-8) Q. +V, (3.8)

The adaptive expectation hypothesis (equation 3.5) can also be written as

P’ =(-B) P, + B8P, ().
Inserting equation (1) into equation (3.7), results
Q =a+ b-BP,, +b3P, +U, (ii).

Then by lagging equation (3.7) and multiplying through by (1-8), gives

(1-B) Q. = a(I-B)+ b(1-B) P°, + (1-B) U,, (iii).

Subtracting equation (iii) from equation (1), yields the reduced form equation
Q =ak+ bl P, + (1-B)Q., + U,
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This equation states that the actual output of a crop is a function of the lagged
output price, lagged dependent variable and an error term.
3.2.3.2. Partial Adjustment Model

Another expectation hypothesis 1s partial output adjustment hypothesis which is
a long-run output concept. It assumes that producers base their long term output plans on
the price for the preceding harvest period. that is;

Q,=a+bP, + U, (3.9
Producers are unable to adjust actual output instantaneously to changes in output prices
because of capital, institutional and cost constraints. The actual output is partialiy adjusted
in proportion to difference between last period’s actual output and long-run equilibrium
output (equation 3.4). The supply function based on the partial adjustment hypothesis can
be derived by replacing the optimal output (Q*) n equation (3.9) with Q", in equation
(3.4). This yields

Q =w +wbP_ + (7)) Q. ,+7 U, (3.10)

Thus the actual ouput is a function of producer price at time t-1, lagged dependent
variable and disturbance term. The output is therefore partially adjusted in proportion (7)
to a difference between last period’s actual output and long-run equilibrium output.

It is well known that the adaptive expectation and partial adjustment models have
similar reduced forms. The two models differ, however, in their conceptual basis and the
error structure. The adaptive expectation model is based on uncertainty about the future
evolution of prices, whereas the stock adjustment model is due to technical, institutional
rigidity, inertia and cost of change (Greene, 1990). Moreover, the disturbance term of

the adjustment model (wU)) is the error term in the structural equation multiped by a
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constant parameter. The error terms of the adaptive expectation model tollow a moving
average process (i.e, Vi = U + (1-B) U;). As a result, esumating an adaptive
expectation model with ordinary least squares may lead a based and inconsistent
parameter estimates, since the values of lagged dependent vanable are likely to be
correlated with the error term  But, if least squares is used on the partial adjustment
model, the estimated coctficients will be consistent and efficient as number ot the
observations in the sample approach infimty (Greene, 1990).
3.3 Evidence of Individual Crop Supply Response

Empirical assessment of agricultural supply response to price and non-price
factors is often complicated by the tact that, in any economy, there 1s an array of prices.
And change in any price can lead, in principle, to a change in agricultural production.
Hence, producer response can vary depending upon which relative price has changed.
Three types of supply response to output prices are wdentitied in the supply studies. (1)
There is the supply response of aggregate agnicultural output to the domestic terms of
trade. (it) There is individual crop response to changes in crop output pnces. The
individual supply response to price is hikely to be larger than the aggregate supply
response since farmers can allocate resource such as land and labour more easily between
individual crops than they can devote additional resource to the whole sector. (1) there
is supply response of the marketed surplus (the residual after farmer consumption is
considered) to changes in the relative price

Individual crop supply response studies have dominated most ot the supply
response literature dealing with tropical Africa. Most of the econometric crop response

studies have used a variant of the Nerlovian functional form. The variations relate to the

32




crops under investigation (annual versus perennial), the inclusion of non-price factors that
influence crop production such as weather, infrastructure, and technological changes, and
the time horizon considered for each crop (Bond,1983).

In analyzing the farmer’s output response to prices and other factors, an explicit
distinction hetween the types of crops studied should also be made. It is noteworthy that
annual crop output can be changed, 1n the short run, by altering cither the acreage under
farming, the intensity of cultivation or both. In this case, the desired output is equivalent
to the last period’s actual output, that is, Q°, = Q. and the expected price at period t is
equal to price level n the preceding season P°, = P,,. For perennial crops, the above
model assumes that plant stocks are a fixed factor so that, in the short-run, output can be
changed only by increasing the intensity of farming and improving the yield and quality
of the output (Maitha, 1970). But in the long-run, crop production can be increased by
raising the area under cultivation as well as it’s yield. Acreage and output tend to be less
correlated in perennial crops, because of the lengthy gestation period between planting
and maturing stages. Generally, the acreage response to price is less than the output
response to price.

Supply response studies on individual crops have used acreage as proxy for
planned output because acreage is expected to be more under farmer’s control than output
(Bond; 1983; Rao,1988) The problem is that the data on acreage are not readily
available. Researchers have used output instead of acreage as dependent variable since the
output response takes acreage and yield response 1nto account. Bateman's (1963) studies
on ¢cocoa production in Ghana employed actual output as the dependent variable. Maitha

(1970) indicated that coffee producers in Kenya responded to price incentives by adopting
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better agronomic practices and hence improving quality and raising the quantity of the
coftee production.

On the price side, various prices have been proposed as measures of incentives.
The alternative price measures used include prices received relative to prices paid. price
of one output relative to other output prices. The choice of the price measures is dictated
by the availability of reliable price data.

The use of the Nerlovian price expectations has dominated supply response
studies. Most researchers have assumed that farmers form their price expectations on the
basis of their knowledge of past and current prices (Nerlove, 1958). Bateman (1965)
used the real producer price (cocoa price deflated by CPl) based on adaptive expectations
hypothesis to estimate cocoa output in Ghana. Other measures have been proposed to
represent expected prices. Maitha (1970) used lagged producer prices of cottee in Kenya
as proxy for expected prices.

The relevance of this price formation, particularly for tree crops, has been
questioned by a number of researchers. Bapna’s (1980) work on supply responase of crops
in India examined the effect of difterent price expectations on supply functions. Bapna’s
analysis showed that aggregate price elasticity estimates vary with the price expectation
mechanism. In a recent study, Tishibaka (1987) used a three year weighted average for
producer price to estimate the output response for various crops in Zaire. He suggested
that a weighted average of producer prices is more appropnate for perennial crops while
the producer price prevailing during last cropping season can be used for annual crops
such as maize and rice.

Empirical evidence on individual crop output response in the Tropical Africa
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suggests that African farmers are responsive to price (Bond, 1983; Sed-Elmi, 1992). The
empirical results from these supply studies indicate that the short-run price elasticities for
the ndividual crops are positive and statistically sigmificant but inelastic. Furthermore,
as expected, the magmtude of the long-run own-price elasticities tend to be larger than
the short-run elasticiies. These elasiicity estimates vary from study to study even for the
same commodity because ot ditterent methodology, policy regimes, level of aggregation,
and country-specific factors such as technology and economic structure and agro-climatic
regions (Sed-Elmi, 1992; Bond,1983).

3.4 Aggrega e Agricultural Supply Response

The individual crop supply response to price is crucial for optimal resource use
within the sector, but this response has little relevance to the aggregate supply response
to price. Aggregate agricultural production can be increased if more resources are
allocated to agriculture and/or an appropriate technical innovation is ntroduced. An
estimate of the aggregate supply response to changes in price and non-price tactors is
important to understand the ettects of policies on agricultural growth. There are few
studies of the aggregate supply response 1in Africa and other developing countries, and
also the results of these studies lead to conflicting policy implications.

Some studies have found an aggregate price elasticity estimate that is above unity,
suggesting that farmers in developing countries are highly responsive to the internal terms
of trade and hence high taxation on the agricultural sector discourages producers and
reduces agricultural production substantially (Peterson, 1980; Schultz,1978). Others
obtained aggregate price elasticities that are inelastic (Xrishna, 1982; Chhibber, 1988).
These authors argued that agricultural transformation 1s the outcome cf a combination of
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price incentives and public investment in irrigation, research, technology adoption and
reforms in the institutional structure.

Econometric studies on aggregate supply response to price can be classified into
three categories: time series estimates, cross-sectional estimates, and pooled data cross-
section and time series estimates. In the tollownsg section, aggrepate supply response
studies will be reviewed.

The direct estimation of long-run aggregate supply clasticities using time series
data encounters ditficulties in constructing production and price indices. Notwithstanding
this problem, few time series estimates are available for Atrican states. In a recent study,
Bond (1983) estimated an aggregate agricultural supply function based on the partial
adjustment hypothesis using time series data for nine tropical African countrics over the
period 1963-81. The study regressed agricultural output per caput on aggregate the real
producer price index, a time trend variable as proxy tor technical change, institutional
improvement, and a dummy variable to represent the weather ettect. The study found an
average aggregate price elasticity estimate for the nine countries equal to (.18 in the
short-run and 0.21 in the long-run. The coefficients of the time trend were negative in
seven out of ten countries studied.

Peterson (1988) believed that the price elasticity estimates from the supply function
fitted to time series data underestimate the true elasticity. He argued these estimates are
based on actual prices that vary more than expected prices. Peterson used a cross-country
data from 53 developing and developed countries to estimate the long-run supply response

to price. Agricultural output (measured as wheat equivalent) was regressed on real




expected price (ineasured as the amount of commercial fertilizer that could be purchased
with 110 kilograms of wheat equivalent), annual average precipitation, and the number
of research publications (as proxy for technology). Peterson found long-run elasticity
estimates ranging from 1 27 to 1.66.

This cross-country method has been criticized for overestimating the supply
response to price in developing countries. Chhibbar (1988) questioned Peterson’s cross-
country techniques for assuming that developed and less developing countries differ only
in their price structure and research publications. He argued that countries can also differ
in their agro-climatic conditions, investment in infrastructure as well as in input
distributions. When Chhibber included an irrigation variable into Peterson’s cross-country
model, the elasticity estimates declined from 1.27 to 0.97.

Supply response studies based on cross-country data are important in capturing the
eftects of certain type variables that may nfluence the agricultural variation across
countries. Cross-country techniques are, however, unable to conirol for the correlation
between un-observable productivity potential (country effects) and the explanatory
variables (Binswanger et al. 1987). These country effects inciude agro-climatic condition,
water avatlability and potential dry macter production specitic to a country. These factors
are essential in explaining the country’s potential in agricultural production: they do not
vary over time (Binswanger et al. 1987; Chhibber, 1988). Estimating a supply response to
price without taking these factors into account might result in a biased parameter
estimates. Rao (1988) has recently reviewed agricultural supply response to price in

developing countries. He argued that, in general, cross-country analysis tends to
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overestimate the aggregate supply elasticity whereas the time series analysis tends to
underestimate the aggregate supply response to price.

Binswanger et al.(1987) combined cross-country with time series data trom a
sample of 58 countries using a varable intercept model to estimate cross-country
aggregate supply elasticities over 1969-1978. The study tound aggregate crop output
elasticity (within-country estimator) with respect to output price of 0 06 The study
showed that non-price variables such road infrastructure, human caputal and research and
extension explained most of the variation of the output supply. Other studies using pooled
cross-sectional time series data have obtained a similar result on the aggregate supply
response to the terms of trade. Bapna et al. (1984) est:mated short-run estimates for the
aggregate output in semi-arid regions in India. Their results showed an aggregate
elasticity of 0.09. In a recent review on aggregate supply response to price and non-price
variables, Binswanger (1989) wrote:

The correlation between unobserved country etfect and the explanatory

variables can be overcome by using cross-sectional time series data

and using only within- country vanability. The cross- country

variability can be eliminated from estimation by (1) including district

or country-specific intercepts,.. Binswanger (1989,pp 256).

In a recent study, Jaeger (1992) used data for a sample of 21 African countries
over the 1970-87 period. He esttmated a cross-sectionally corielated and time-wise auto-
correlated model to estimate the effects ¢I price and non-price factors on Atrican
agricuiture. Total agricultural exports were regressed on producer price for export crops,
real exchange rates, a weather variable and percentage of population attected by disasters.

Jaeger found that aggregate export supply response to producer prices ranged between
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0.1 and 0.3. In addition, Jaeger (1992) regressed the output of staple food crops on the
I weighted crop export price and exchange rate. He reported positive cross-price elasticities
ranging from 0.065 to 0.183. Jaeger concluded that

Econometric analysis indicates that food production, like export,

responds positively to improvements in real exchange rate. Moreover,

food production correlates positively with higher producer prices

for export crops, suggesting either that they are complements in

production or that policies that are tavourable to export

agriculture also favour food producers.... Jaeger (1992, p36).

Overall the emprrical evidence shows that aggregate agricultural supply response
with respect to the terms of trade is in general inelastic. The implication is that, although
a price incentive is necessary, it is not sufficient for the acceleration of the agricultural
growth rate and the transformation of agriculture. Agricultural growth in tropical Africa
has been constrained by the lack of support services such as agricultural research,

infrastructure and investments in educations. Provision of these factors is also important

for accelerating agricultural production in the region.




CHAPTER 4

ECONOMETRIC TECHNIQUES ON PANEL DATA

4.0 Introduction

Econometricians have combined cross-section and time series data to model
complex production behaviour. They do so because, the use of pooled cross-sectional
time series (also called panel) data has more benefits than separate time series or cross-
sectional observations. According to Hsiao (1986) panel data give a greater number of
data points on production (and more degrees of treedom) and increase the consistency
of parameter estimates by controlling multicollinearity and omitted vanable problems.

Panel data models differ, however, depending on the source of the variations and
the assumptions regarding whether the country effect can be represented as having a
fixed or a random distribution. Before estimating parameters of the explanatory variables,
researchers must determine (1) the source of the varistion for the individual eftects and
(2) whether these individual country effects can be appropriately explained by cither the
tixed or the random model. This chapter reviews the key approaches in modelling pooled
data, and the specification tests used in choosing the most appropriate model for the data.
The test results for the model specitication are also provided in this chapter.
4.1 Source of Country Effects

In determining the source of variation for country effects, different models are
proposed. Hsiao (1986) suggested three models that allow researchers to identify the

source of output variation for an individual country effect in a pooled data model. These
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models include: (i) regression model with homogenous intercept and slope (pooled
regression model), (i) regression model with heterogenous intercepts but common slope
(Covariance model), and (si1) regression model wath the heterogenous intercepts and
slopes parameters. The following section discusses the hypotheses and estimation of these
models.

4.1.1 Pooled Regression Model

In a linear regression framework, the reduced-form of the dynamic partial
adjustment supply model based on cross-sectional time series data can be represented by

Q. =a+B8X,+¢6Q,,.,+U, 0<|¢] <1 @41
Where: i= 1,...,N (countries) and t= [,..,T (time periods). Q, is export (or food)
output, X, encompasses the exogenous variables, Q,,; is the dependent variable lagged
one period and U, is a disturbance term that is independently and normally distributed
over i and t with a mean of zero and a constant variance over time and across country
observations. « is common intercept for the whole data set. The estimated coefficients
of the lagged dependent variable (¢) are restricted between O and 1 in order to maintain
the stability of the dynamic process.

The pooled regression model (equation 4.1) is based on the hypothesis that
individual countries do not ditfer in their production behaviour. Therefore, it imposes a
restriction on the structure of production across countries and over time. Applying
ordinary least squares to the whole sample will provide coinmon parameter estimates for
the slopes and the intercept across countries and over time. These estimates are consistent

only it the omitted country etfects are un-correlated with the explanatory variables in the
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model (Binswanger et al.1987). Researchers have long recognized that the strong
restrictions imposed by pooled regression are likely to be violated in most cases. The
restricted model 1gnores the possibility that there exists an un-observable etfect specific
to a country’s agricultural production function. Some ot the variables excluded
production analysis include agro-climatic potential, soil guality, and management skills.
The omission of these variables is likely to contaminate the estimated parameters of
independent variables in agricultural supply function.
4.1.2 Covariance Model

An alternative model assumes that countries differ in their agricultural potential,
and this ditference is captured by allowing the intercepts in the equation to vary across
the countries but to remain constant over time (so-called fixed ettect). This variable
intercept model can be formulated as:

Q. =a,+8X,+¢6 Q.+ U, 0< |¢] <I @2

Where ¢, is an unobserved (fixed or random) individual eftect that is specific to
a country, but time-invariant and the other variables are as defined before. To estimate
the parameters in the model, two techmques have been proposed. One estimation
technique is to apply an ordinary least squares techmque to the pooled data with N
country dummy variables with no the overall intercept term in the model. An equivalent
method is to use the deviations of each variable from its country specific mean over time
and then apply OLS to these transformed data (Judge et al. 1988). In the static regression
framework, the estimated coefficients in the covariance model are unbiased and consistent

(Mundlak, 1978).
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4.1.3 Error Component Model (Random Effect Model)

In modelling the variation of country characteristics, it is important to determine
whether the country etfect can be treated as a fixed or random effect. The estimated
parameters of a model can vary depending on this assumption. The covariance model has
been criticized tor treating the country eftects as fixed, given the explanatory variables
in the model. An alternative model commonly apphed on pooled data is the Error
Component Model also called the Random Eftect Model. This approach 1s based on the
assumption that the un-observable country effects are random, hke the other disturbance
terms, and the effects are not correlated to the included explanatory variables (Balestra

and Nerlove, 1966). This model can be written as
Q. =a +7, +B8X,+¢Q,,, +¢e, 4.3)
Where 7, is a random variable distributed with mean E, (7| X,) = 0, variance of 7
(E, (7)= 0,?, and covariance matrix E, (r,7,) and E(e,7,) = 0 for all i not equal to j.
E, is the expectation of the variables taken at time t.

The parameters in this model can be estimated using the generaiized least squares
(GLS) as suggested by Fuller et al.(1973). Fuller et al. showed that the GLS estimator
can be represented as a weighted average of the estimates of the covariance estimator
(within-country) and between-country estimators, where the weights are the shares given

by the between-country variations’. The GLS estimator is consistent as the number of

observations of the individual units or number of time series observations approach

. The between-country estimator is obtained by applying the least squares method on the
country means ot all variables over time (see Judge et al. 1988; Hausman et al. 1978).
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infinity (Hsiao,1986). Moreover, the generalized least squares estimator is more efficient
than the variable intercept estimator if the number of individual cross-sections are large
and the time series is short.

Mundlak (1978) criticized the random etfect formulation for ignonng  the
possibility that there exists a correlation between the explanatory varabies and country
ettects. Mundlak showed that it the explanatory varables are correlated with individual
etfects, then the covariance estimator 1s still consistent, while GL.S the estimator s based
and inconsistent. This argument is important in specification tests involving random and
fixed effect models.

The above models can yield inconsistent estumates if a lagged dependent vanable
is included in the regression equation. Balastra and Nerlove (19606) first considered a
dynamic equation using panel data on the U.S gas industry. These authors suggested that
applying the cc variance model in a dynamic regression equation under tixed ctfects will
yield inconsistent estimates when the number of cross section units are large and the
number of time periods are short. This bias arises because the country etect 1s correlated
with lagged endogenous variable included in the night hand side of the cquation. This
correlation is reduced as the number ot the time periods approaches mfinity - Anderson
and Hsiar (1982) showed that the consistency of the estimators depends upon the
knowledge of the initial values of the dynamic structure and sampic size In the applied
panel data, researchers have often used data with a large number of cross sections
covering a finite time period, thus the bias of variable intercept estimator may not

disappear.




The instrumental variable approach provides consistent parameter estimates since
the robustness of the estimates does not depend on the assumption of an imitial value of
the dynamic structure (1 ¢ the starung value of the lagged dependent variable). This
method requires using an instrument that (1) 1 mghly correlated with lagged dependent
vartable and (1) 18 not correlated with disturbance term in the covanance specitication.
A number ot the researchers have used ditterent instruments in order to estimate a
dynamic equation. Balastra and Nerlove (1966) used a predicted value for the dependent
variable, lagged one period, as the mstrument. Anderson and Hsiao (1982) proposed two
instruments that provide a consistent covariance estimator. These instruments are (Q,, -
Q7 ) and Q,, to replace Q,,. They also indicated that the choice between the two
instruments depends on the extent of the correlation between the instruments and the
problem variable (Q,_,). The instrument (Q,,) might be selected on the basis that fewer
degrees of freedom are lost than the (Q, - Q,;) tnstrument.

4.2 Specification Tests

Previous sections tocused on econometric mode®s based on different dynamic
assumptions One of the methodological issues of agricultural supply studies using time
series and cross-section  data is to determine: (i) whether countries differ in their
agricultural production behaviour, that is, whether a country effect exists in a regression
equation and, (1) if it does exist, should the country effect be treated as a fixed or
random parameters drawn from a given distribution. This section discusses the
specification tests that can be used to determine which econometric model appropriately

represents the data. Test results on the supply response to price and non-price variables
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in tropical Africa using the econometric models discussed earlier are also presented.
4.2.1 Test on Variations for Country Effects

The choice of whether to estimate common coetticients for the intercept tor all the
countries (Pooled model) or estate a scparate intercept tor cach country (Within-
country estimator) using least squares techniques can be made on the basis of statistical
testing. A natural approach to this testing 1s to include the pooled model in a more
general specification (Godfrey,1988). In this case, the pooled regression equation s a
special case of the variable intercept model. It the pooled regression 1s correct, the
following test statistic will be distributed as a F distribution under null hypothesis with
(N+T-2,NT-N-T) degrees of freedom.

(ESS,,-ESS,)/(N+T-2)
F = (4.4)

(ESS,)/(NT-N-T)

Where T is time period, N is number of observations and ESSp and ESS,, are the
residual sum of squares obtained from pooled model and the variable intercept model,
respectively. The null hypothesis for the specitication can be formulated as

Hy: o, = ...... =ay (4.5)

H, : o, vary across countries,
where ¢, is country eftects (i.e intercept for ith country as stated in equation 4.2). If the
null hypothesis of a common intercept for the pooled data 1 correct, then applying
ordinary least squares (OLS) to the pooled data will yield unbiased and etficient estimaies
(BLUE), but OLS estimates are inconsistent and inetficient under the aiternative

hypothesis (Mundlak,1978).
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To calculate the value ot the F-test, pooled (equation 4.1) and covariance
regression (equation 4.2) are apphied on 20 tropical Atrican countries over 1975-89 period
for both food and export sub-sectors The results of the specification test statistics are
presented in Table 4.1, The values of the F-test statistic for the export and food equations
in Tropical Atrica are 3.9 and 3.8, respecuively?’. The null hypothesis of the common
intercept of all the countries is rejected at the signiticance level of 1 percent in the export
as well as the food models. The result implies that the alternative hypothesis which is
covariance model will give consistent parameter estimates.

The parameters of a model with heterogenous intercept and slope (price variable)
are also estimated and rejected because the estimated price coefficients in most cases, were
negative and insigniticant due to multicollinearity resulting trom large number of
variables in the model®.

4.2.2 Hausman Test

This test {:_uses on an econometric issue of whether country eftects can be treated
as a fixed or random given the explanatory variables. These assumptions were associated
with ditferent estimators. The fixed effect assumption is related to the covariance

estimator while the random effect assumption is associated with the generalized least

The F-value for the export supply = [{(155.2-291)/33}/(291/255)|= 3.7, while that of
the food supply is [{(150-284)/33}/(284/265)]=3.8. Under siae hypothesis of common
coefficients, the test statistic follows an F-disiribution with 33 and 265 degrees of
freedom. The critsical value of the distribution at the 1 percent significance level is 1.70
and is 1.49 at the 5 percent level.

Hsiao (1986) suggested that a common intercept but heterogenous price effect may not
be a plausible assumption because the intercept will change if the slope coefficient
changes. For this reason, this model was not considered in the model specification.
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Table 4 1 Summary of Specification Tests on Agricultural Supply Functions in Tropical Africa,1974-89

Model F Degrees of Hq Conclusion
Category Specification Value Freedom Retained Model is
Export Paoled' Vs Covariance’ 39 (33,265) Reject* Covanance
Food Pooled Vs Covariance 38 (33,265) Reject Covanance
Export GLS. Vs Covariance 30 (7.281) Reject® Covariance
Food GLS. Vs Covariance 36 (7.281) Reject Covariance
Export iv® vs Covariance 78 (7,265) Reject® Covariance
Food IV Vs Covariance 82 {7.265) Reject Covanance

Note 1 Pooled model refers to the common intercept, common slope model

2. Covariance Model refers to common stope and heterogenous intercepts

3. IV refers to instrumental variable model where Q,, 1s used as an instrument for Q,

a H,. Common intercepts and slope for ail countrnies The critical value for rejection at the 5 % is circa 1 49
b. Hy' No correlation between country effect and regressors varakies Critical value is 2 64 at the 5 % level
¢. Hy. No correlation between country and predetermined independent variables, including the instrumental

variable for the lagged dependent varniable Critical valus 1s 2 64 at the 5§ % level
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squares estimator. Mundlak (1978) showed that the ditference between these estimators
can be determined by examining the extent to which the country etfects are correlated
with the explanatory variables. If country effects are correlated with explanatory
variables, then the GLS estimator 15 biased and inconsistent but covariance estimators are
unbiased and efficient. The correlation between the country effects and the regressors can
be tested using the Hausman specification test (Hausman, 1978). This test is based on the
difference between the various estimators. The null hypothesis under the Hausman test
states that the mean country effect satisties an orthogonality condition, which can be

specified as

Hy:E (¢,|X) = 0

H,:E («,|X,) # 0 (4.6)

The Hausman test statistic is given by

m = By, - By)’Vun- V' By -Bu0) 4.7

Where

a, is the specific country effect,

X, are the explanatory variables in the model.

By, is the estimated coetficient of generalized least squares under random effects.

B, is the estimated coctficient obtained under the fixed effect assumption.
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Vs and V, are variance-covariance estimates obtained trom the GL.S and within-country
estimator, respectively. E, is the expectation operator at time t period Hausinan (1978)
showed that in a large sample, the specification test statistic (m) is approximately
distributed as  CHI-Square with K degrees of freedom, where K s the number of
unknown parameters to be estimated when no mis-specification is present. Hsiao (1986)
suggested that using the following F-test statistic leads to a specitication test equivalent

to that of the Hausman test. This F-test can be written as

(ESS,-ESS,.)/K
F = 4.8)
ESS,./(NT-(2k+ 1))

which has a central F di tribution with K and NT-(2K + 1) degrees of treedom. The ESS,;,
and ESS,, are the residual sum of squares of the generalized least squares (GLS) and
within-country estimators, respectively. Under the null hypothesis, both the covarance
estimator and GLS cstimator are consistent and etficient but, under the zlternative
hypothesis, only the covariance estimator is consistent (Hausman, 1978 and Mundlak,
1978).

In assessing whether there is some correlation between the country effect and the
regressors, Hausman test statistics are calculated for export and toud supply equations
based on the GLS and covariance estimators. The value of the Hausman test statistic is
3.0 for the export model and is 3.6 for the food equation 1n tropical Atrica. Under the

hypothesis of nu correlation, these statistics follow a F distribution with 7 and 281 degree

of freedom. The critical value for the null hypothesis at the 5 percent sigmificance level
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is 2.64. Since the calculated values of the F-tests are larger than the critical value, we can
reject the null hypothests of no correlation between the country eftects and independent
variables 1 agncultural supply functions for the export and food sectors As a resulit,
using the covariance model (or fixed ettect model) to estimate agricultural supply
tunctions yields consistent parameter estimates

The Hausman test statistic is based on the assumption that all independent
variables are exogenous. This assumption may be violated i’ a lagged dependent variable
is used as the regressor, since the lagged dependent variable is correlated with the error
term. In a recent study, Arellano (1993) extended the Hausman test to incorporate the
case where a lagged dependent variable 1s used as an explanatory variable  Arellano has
proposed a Hausman-type test that is valid when an instrumental variable method is

applied on the transformed data in terms of the deviation of the observations trom country

means. This test can be written as

Hy: E (¢]|Q,) = 0 4.9
H, ! E (,|Q,) # 0

Where Q.,: (Ql,g.ls xn)-

To test further whether or not the orthogonality condition implied by the null
hypothesis is violated, the parameters of the explanatory variables in supply response
models fer both export and food sectors are re-estimated with the instrumental variable
method using the lagged dependent variable (Q,,) as instrument. The test statistics for

Hausman-test type for the export regression is 7.8 and for the food equation is 8.2. Under
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the pull hypothesis of no correlation between the couatry eftects («,) and the instrument
(Q.2), this test statistic is  distributed as a F- distribution with 7 and 265 degiee of
freedom. The critical value under this distribution at the | percent sigmticance level s
2.7, suggesting the rejection of the null hypothesis of no corcelation between the un-
observable country characteristic and wnstrumental varables. As a result, using the
covariance model to estimate agricultural supply tunctions will yreld consistent parameter
estimates.

4.3 Conclusion

In Summary, this chapter focused on the theory and estimation of the dynamic
econometric equations based on pooled cross-sectional time seties data  ‘The mamn
advantages of the pooled data models are their abihity for control un-observable country
effects and reduce omitted variable problems. To examme the source of vanation of
agricultural supply, pooled and covariance regression equations are estimated and tested
using F-test statistics. The test resulted in the rejection the hypothesis of the common
intercepts across countries, thereby suggesting that the inclusion of individual country
intercepts in the model leads to consistent parameter estimates.

To assess turther ir the country etfect can be modelled under fixed or random
etfect assumption (or whether or not the eftect is correlated with the explanatory
variables), the Hausman specification test was used. This test statistic allows us to
compare the covariance and generalized least squares or instrumental vanable estumators
The results of the Hausman tests and Hausman type test support the view that there exists

a correlation between country supply variation and explanatory variables. ‘The imphication

52




of the results is that covariance estimator will give consistent parameter estimators. The
correlation between explanatory variables and effect can be minimized by either using
varigble dummy for the intercept or through differencing out the original observations of
each variable using country means over time (see Judge et al. 1988). Thus, the covariance
model (i.e Varable intercept) under the fixed effect assumption is retained for a detailed
analysis in this study. The results of the agricultural supply response to price and non-
price variables based on the covariance model will be the main focus of the sections for

empirical analysis.
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CHAPTER 5
EMPIRICAL MODELS

5.0 Introduction

A description of the empirical econometric model selected for the analysis of the
aggregate supply response in African agriculture is presented in this chapte
5.1 Specification of Empirical Supply Model

Most of the empirical work on agricultural supply response has employed a partial
adjustment suppiy model (Bond,1983) This study used a dymamic equation with a
variable intercept to investigate aggregate crop output response for export and {ood crops.
This model (also called the Covartance model) was selected over the other panel data
models (such as the Random Component model and Instrumental Variatle Model) using
Hausman specification test (as discussed in chapter 4). The covariance model 15 based on
the assumption that agricultural production differs across countries and these ditferences
is captured by allowing the intercepts to vary across countries but remain constant over
time for each country (Hsiao,1986). It was postulated that the aggregate crop output for
a country is a function of real producer prices, a weather proxy, fertihizer use, a disaster
proxy, a lagged dependent variable and dummy variables for the intercept. The equation

for aggregate agricultural export supply was specified as:

Qx|t= an + Bl (le,l-l) + 82 (w'rll) + 83 (FRII) + B‘ (Dsll)

+ B85 (TR) + B¢ (QX, ) + V,, 0< |B] <1 (5.1)
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and food crop supply

QF, = a, 1+ 6 (PF, ) + 6, (WT,) + 8 (FR,) + 8, (DS,)

18, (TR) t & (QF, ) + X, 0< || <1 5.2
Where, 1 - I, ...N (country), and t = 1,....T (time period),
QX, is anndex of aggregate agricultural export output for the ith country in period t,
with 1980/81 = 100. QF, 1s an index of aggregate food crop output for the ith country in
period &, PX, 1s the ratio of a two-year average price index for the export crops detlated
by current food price index with 1980/81 as base year. PF, is a real food crop price
index (defalted by cunsumer price index) tor the ith country in time t. WT, is weather
variable for the ith country in time t. The deviation of the cereal yield from regression
trend is used as proxy for weather variable,
‘TR is a time trend, FR, is the quantity of fertilizer (NPK) used per hectare of arable and
permanent cropland for the ith country in time t, (ton/ha),
DS, is "disaster” variable for the ith country in year t. The percentage of population
aftected by drought, flood, war and epidemic is used to represent the disaster variable,
V, and X, are disturbance terms that are independently, identically distributed (11D) with
a zero mean and constant variance; o, is a fixed effect specific to the ith country; and 8,
6 and «, are parameters 1n the models that need to be estimated.

The aggregate supply equation was estimated by Least Squares on separate pooled
cross-section and time series data for the export crops and food crops over the 1974-89
period. The overall intercept of the supply equation is replaced by a dummy variable for

individual country intercept. This allows one to obtain individual intercepts for all N
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countries. To investigate the responsiveness of farmers in ditferent agricultural regions
in tropical Africa, countries were classified into four agro-chmatic regions and an
agricultural supply tunction for each agro-climatic 1egion was estimated.

5.2 Data Sources and Measurement of Variables

The dependent variable for the supply equations was the aggregate output of the
main export and food crops expressed  terms of total production rather than marketed
output since the data on sales of products were limited 1n many countries in the region,
Moreover, the use of total production 1s important 1n avouding the speculation and
inventory problems which affect sales. Weighted crop output indices were formed using
Laspeyres’ formula, where the weights are the output price at the base year of 1980/81.
The data for individual crop outputs were taken trom the Production Yearbook Statistics
of the Food and Agriculture Organisation (FAQ).

The producer prices used in the study were annual official producer prices
prevailing at the pre-sowing period. These nominal prices were detlated by national
consumer price indices to form real producer prices. Weighted producer price indices
for the food and export crops were constructed using the shares of total production in the
base year of (1980/81) as weights. Real food prices lagged by one year were postulated
to influence production decisions. For export agriculture, a two-year average price of the
export crop prices Jdetlated by current food prices was used The data for the annual
producer prices and consumer price index were taken from the African Lconomic and
Financial Data (1989) and African Development Indicators (1992) published by the

UNDP/World Bank. In general, the price data lag the production data by about three
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months.

The analysis of the effect of the rainfall (or moisture availability) on agricultural
production requires detailed information on rainfall distribution, soil quali,, and level
of evapotranspiration. Yet, this information is not readily available for most of the
African countries. The deviation of cereal yield from the regression trend was used as a
proxy for the rainfall variable. The logic for using the proxy rests on the assumption that
cereal crops are not irngated in tropical Africa and rainfall vanation is the main factor
causing the deviation ot cereal yield from its regression trend tine (Jaeger, 1992). The
data for cereal yield were taken trom the Production Yearbook published by the FAO
1985 to 1991 and World Indices of Agricultural and Food Production reported by United
States Department of Agriculture (USDA,1977-1986).

Fertilizer use per hectare of arable and permanent cropland was included in the
regression to capture the impact of fertihzer policy on crop production. African
government agencies have regulated the distribution of the fertilizer and subsidized
fertilizer prices to encourage fertilizer consumption. The data of fertilizer use were taken
trom the United Nation, Statictical Yearbook (1982,1991) and from FAO (1985-92).

A disaster proxy was also included in the model to account for non-economic
variables that can adversely influence agricultural production. These factors include
droughts, civil war, epidemics and political unrest. The percentage of the population
aftected by the disasters was used to approximate these factors. The information on the
number of the people aftected by disaster was tfrom the recently published data of the

"Disaster History" reported by USAID (1992).
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Chapter 6

RESULT: PRODUCER PRICE PERFORMANCE

6.0 Introduction

To examine the effects of the government intervention on producer incentives, real
producer prices of the five main staple food crops (maize, rice, sorghum, millet and
cassava) and seven export crops (coftee, cocoa, cotton, groundnuts, tobacco, tea and
banana) are analyzed for twenty-one selected tropical African countries. All nominal
producer prices are deflated by national consumer price indices to obtamn 1eal producer
prices. The percentage annual compound growth rates ot the real producer prices for both
export and food crops were calculated using a log-linear regression equation (equation
3.1) in two selected periods; 1975-90 and 1981-90. The policy distortion of producer
incentives was calculated using the Nominal Protection Coefticient (NPC) over the
selected two periods. This chapter presents the main findings of price performance tor
food and export crops. The first section analyzes the domestic producer price performance
for tood and export crops. The second section provides the results of the NPC analysis
for the principal crops.
6.1 Changes in Real Food Crop Prices

The results of the estimated percentage annual compound growth rates ot real
producer prices of the tood crops are listed in Table 6.0 and summarized in Table 6.1.
For each commodity, countries are ranked in order of the degree of change in real

producer prices over the whole sample penod.
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Table 6 0 Compound Annual Growth Rates of Real Producer Prices for Main Food Crops in the Selected
Tropical African Countries, 1975-90 and 1981-90

Annual Percentage Annual Percentage
Growth Rate in Growth Rate in
Real Producer Real Producer
Prices Prices
Commodity/ e Commodity/ -ce--eecomcmnecnees
Country 75-90 81-90 Country 75-90 81-90
Maize Miilet
Central A Rep' 875" 850" Niger 468" 6.07"
Somalia’ 5.56" -175 Nigerna 346" 09
Nigeria 245 1039" Gambia -114" -399°
Kenya 189" 1.34" Burkina Faso.  -2.18" -7 74"
Botswana 150" 084 Togo' 261" -4.43"
Congo Rep ' 018 -t12"
lvory Coast 004 15.35 Sorghum
Zambia 126 422" Central A Rep 1214 13.64™
Malawi -129" .187 Somalia 198 17 42"
Tanzania -189° 175 Sudan’ 0 64 198
Togo 210 -704" Senegal -0 39 063
Burkina Faso 216 723" Malawi RRE -0 49
Rwanda -263 376 Botswana 247" 21
Cameroon .2.66™ 367" Rwanda -2,51"" 128
Ethiopia -4 37" 1.33 Ethiopia -360"" 243
Burund -479" 947" Cameroon -4 29" -4 32™
Gambia 512 1.85 Tanzania -6.05" -536"
Ghana' -5.50"" -995™
Zaite .20 2™ -36 3"
Cassava
Central A Rep 16 33" 633" Rice
Madagascar 515" 347" Nigeria 106 775"
Togo 167 603" Tanzama 06 03
Cameroon 029 216" Cameroon 0.38 -378™
Libena -0.46 1210 Senegal -0.86" 1.13"
Congo Rep -268™ 368" Liberia 19" 664
Nigeria -269° 1109 ivory Coast -463™ 0.53
Ghana -328° 563 Gambia -4 66" -6.53""
Maiaw -375" 319” Zaire 4159 407"
Tanzania -393™ 211
tvory Coast <141  -302"
Zaire -16 7" 333"

1 the data span 1975-89 for these countnies.
Also * ** and *** imply the growth rate 1s Significant at the 10 percent, 5 percent, 1 percent level,
respectively
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Table 6.1 Summary of the Annual Percentage Growth Rate of the Real Producer Prices for the Main Staple
Food Crops,(1975-1990)

Commodity Positive Negative Not Total
Significant® Significant Significant®

{Number of price series)

Maize 5 10 4 19
Rice 0 5 3 8
Cassava 2 6 4 12
Sorghum 1 5 4 10
Millet 2 3 0 5
Total 10 29 15 54

a. Significant at the 10 percent and lower leveis
b Not-significant refers to the positive and negative growth rates of real producer prices of the food crops that
are not statistically different from zero




6.1.1 Maize Price

Maize is one of the main staple food crops in tropical Africa, particularly in
Eastern and Southern Atnica. The price data for maize were available in 19 countries and
the annual percentage growth rate ot real producer prices for maize were calculated in
these countries over the selected sample period. Over the 1975-90 period, the growth rate
of real producer price was statistically significant (at the 10 percent and lower levels) in
15 and insignificant in 4 cases (see Table 6.0 and 6.1). The real producer prices of maize
increased signiticantly in five countries, namely Central African Republic (CAR 8.8),
Somalia (5.6), Kenya (1.89), Botswana (1.50) and Nigena (2.45). However, real
producer prices decreased significantly in ten other countries.

An examination of the annual growth rates of real maize prices over the 1981-90
period indicates that there were three countries, namely; CAR (8.5 percent per year),
Nigena (10.4) and Kenya (1.3) that experienced a significant positive growth rate of the
real maize price while eight countries exhibited a negative growth rate. The growth rates
of the real maize price were statistically insignificant in eight countries.

Overall, the results indicate that there were more statistically significant cases of
the real producer price decrease. Many countries in the region increased the nominal
producer price of maize during the 1980s but the real producer price declined because
most of these countries were unable to control domestic inflation.

6.1.2 Rice Prices
Rice also constitutes a targe part of the staple diet for the Western African and

Sahelian countries. The rice production in these regions has grown less than rice
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consumption per capita since 1970 (Topouziz,1991). Baring imports and government
intervention, this should lead to a rise in rice prices over time. The data tor the rice
prices are available for eight countries during 1975-90. The annual growth rate of the
ratio of producer price tor rice and the domestic consumer price index was significant at
the 10 percent and the lower level in tive out of the eight countries examined. The real
producer price of rice decreased significantly m all five countries, namely Senegal (0.806),
Liberia (1.9), Ivory Coast (4.6), Gambia (4.7) and Zaire (15.9). The remamung, three
countries, (Nigeria, Tanzania, and Cameroon) exhibit a positive but statistically
insignificant growth rate of real rice price. In the 1980s, Nigeria and Senegal show a
significant positive in the growth rate of real rice price while Cameroon (-3.78), Libernia
(-6.64) and Gambia (-6.53) exhibit a significant negative in the growth rate of real price.
Tanzania (0.3) and Ivory Coast (0.53) show a growth rate of real producer that is positive
but statistically insignificant.

The empirical evidence on real producer prices of rice presented in this study
suggests that the movements of the nominal producer price of rice over time were unable
to keep up with the rising domestic inilation for five of the Western African countries
The cost of producing rice in these countries 1s higher than the cost of ymported rice. As
a consequence, governments of these countries imported rice to meet the nsing demand
in urban areas and sold the imported rice at a traction of the price of locally produced
rice (Malton,1988). The relatively low price of imported rice represents a has against
local rice producers and hence depresses the producer price of rice. in the 1980s, policy-

makers in Nigeria and Senegal reduced consumer subsidies for rice and restricted
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imported rice. Producer prices of rice in these two countries ncreased significantly
relative to the domestic consumer price index during the 1981-90 period.
6.1.3 Cassava Prices

Cassava 1s a staple root crop grown mainly in the Hurmd Central and Western
African regions. The data on prices of cassava were available for 12 tropical African
countries. Table 6.0 summarizes the annual growth rate of real producer prices for
cassava. Over the whole sample period, the growth rate of the rez;l producer price was
statistically significant at 10 percent and lower levels in eight countries, and insignificant
in tour. Two countries (Central African Republic and Madagascar) experienced a
significant increase in the real producer prices for cassava while six countries had a
significant decrease in the cassava prices. In the latter group, Zaire (16.7 percent)
experienced the highest growth rate of real price, followed by Tanzania (3.93) and
Malawi (3.5). The real producer price in Nigeria, which produced over 25 percent of the
Africa’s cassava production in 1988, decreased by 2.7 percent per annum. In the 1980s,
ninc countries experienced a significant decrease in the real prices of cassava and only
one country (CAR) showed a significant increase in the real cassava prices.
6.1.4 Sorghum and Millet Prices

Sorghum and millet are usually grown in less productive areas. These crops
constitute the staple food crops in the rural areas of the semi-arid Sahelian countries.
Lvidence indicates that the production of sorghum and millet in semi-arid tropics has
grown less than the population growth rate since the 1960°'s (Malton,1990). The growth

vate of the real domestic producer price of sorghum was highly significant in six out of
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the ten countries examined and insignificant in the remaining tour countries. The real
producer price of sorghum decreased significantly i Tanzama, Cameroon, Ethiopia,
Rwanda and Botswana and increased sigmificantly just in Central Africa. In the 1980s,
many of these countries exhibited a positive growth rate in the real producer price of
sorghum.

The growth rate ot real producer price for mullet increased sigmificantly in Niger
and Nigeria and decreased in Gambia, Burkina Faso and Togo over the two sample
periods.

In conclusion, the analysis of the food price performance indicates that most of
the ofticial producer prices for the tood crops tailed to keep pace with the increase in the
domestic consumer price index over 1975-90 period. Most of the real producer prices ot
tood crops (29 out of the 54 price series) examined in this study exhibited a signiticant
negative growth rates, while only ten series exhibited a sigmficant positive growth rates.
In the 1980s, many countries 1n this sample have attempted to rationalize producer price
incentives through either liberalizing the food market and/or increasing the ofticial
producer prices. These countries still showed a negative growth rate in the real food
prices because most of these governments were unable to reduce the hagh intlation rate.
An examination of the rate of growth in consumer prices tor tropical African countries
showed that the average inflation rate in tropical Africa was about 17 percent per year
over the 1975-90 period. Most of the countries exhibited a double digit intlation rate
ranging between 11 to 58 and only nine countries showed a rate of the inflation ot less

than 10 percent per annumi.
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6.2 Change in Real Export Crops Prices
A time-trend regression model described in chapter 3, equation 3.1 is used to

compute the annual percentage growth rate of the real domestic producer prices and
border equivalent prices. The border price is a umt value (expressed in domestic
currency) tree on board (f.0.b) of each individual export crop. The annual official
producer and border prices are detlated by the national consumer price index to form the
real prices. The annual percentage growth rate of the real domestic producer price and
real border price for eight principal export crops are presented in Table 6.2 and
summarized in Table 6.3.
6.2.1 Coffee Prices

The growth rates of real domestic producer prices and border prices of coftee are
estimated for thirteen countries that rely on the export of coftee for their foreign
exchange earnings. Annual growth rates in real domestic producer prices for cotfee are
statistically significant at the 10 percent and lower level in twelve countries and
insignificant in one country (Togo). Over the whole sample period, real producer prices
increased sigmificantly in the Congo Republic (3.73 percent per year), Zaire (3.70) and
the Central African Republic (3.37), and decreased in another nine countries {Table 6.2).

‘The annual percentage growth rate of real border prices for cotfee are also
estimated for thirteen countries in order to compare to the domestic producer prices. The
estimated value of the real producer border prices for export for a commodity indicates
the maximum value that producers could obtain on the world market. The growth rate of

the real border prices varied across countries depending on the domestic inflation rate and
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Table 6 2 Annual Compound Growth Rate 1n Real Producer and Borcier Prices
for a Sixteen Tropical African Countries, 1975-90

Annual Percentage
Growth Rate of

Real Border™ =
Domiestic Price in
Producer Domestic
Price Curnrency
Commodity/
Country
Coffee
Congo Rep ' 373" -5 10°
Zaire' 370™ 443
Central.A Rep 337™ 143
Togo 201 -185
Rwanda -1 37" 863"
Madagascar -1 57" 019
vary Coast -1.80™ -3 89"
Cameroon -2 09" -5 45"
Burundi -310™ -8 67
Tanzania -4 24" 275
Libena’ -513™ 217
Kenya' 712" -7 47"
Ethiopia 779 615"
Cocoa
Nigena 6 26™ 083
Togo 124 -6 73"
Congo Rep ' 059 77
Ghana' 103 -3.11
Cameroon -1 88" 10 59"
ivory Coast -255™ -10 05™
Liberia’ -6 32" -891™

* Significant at the 10 % level ** Significant a1 ithe 5 % level
**% Significant at the 1 % level

Note '.1975-89 period

Average

of the Ratio

of Domestic

Producer

Prnce and

Border

Price (NPC)
197589 8689
052 109
025 024
027 034
0 36 0 54
076 0 81
036 0 38
050 072
058 090
057 0 60
043 0 36
062 079
088 095
042 042
071 049
038 032
0 62 110
047 025
0 54 0 84
057 079
058 052

“ Real Border producer price of the export crops (expressed in domestic currency) is export unit value for
a given commodity deflated by domestic inflation rate, measured by the National Consumer Price Index

NPC 1s nominal protection coefficient of the main export ciops, measured as the ratio of real domestic and

border producer prices
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Table 6 2 continued

Annual Percentage Simple
Growth Rate of Average
of the Ratio
Real Border® of Producer
Domestic Producer Price and
Producer Price in Border price (NPC)
Price Domestic
Commoriity/ Currency
Country 1975-89 86-89
Qoggog
Nigena’ 458 7 43" na. na
Central A Rep 424" -1 83 072 0.82
Togo 016 -1.57 0.46 056
Sudan -0 48 6.63™" 0 80 061
Burkiua Faso 077 -314" 0 45 0.56
Cameroon -0 94” -0 83 0 40 0.90
Tanzania -1.91™ 057 0.83 0.49
Malaw. .228™ -4 6™ 070 070
Gambia 325" 903" 0.41 061
Jea
Tanzama 2.9 na 020 010
Kenya -4 69" -6 49" 104 109
Malaw! 599" -8 12" 0.71 1.01
Rwanda -4 52" -5.44" 013 010
JTobacco
Malaw:® -323" 197 055 026
Zambia 171 6 53" 0.66 036
Groundnuts
Gambia -1 31 -1 01 062 071
Senegal -165" 37" 055 0 81
Bapana
Somahia -2 11 2 59 0.38 033

Note 2 1975-86 3 Flue-Cured Tobacco Variety,1981-90 period.
@ Real Border producer price 1s an export unit value for a given commodity deflated by the inflation rate,

measured by the National Consumer Price Index.

n a refers to not avallable

* Significant at tha 10 % level
** Significant at the 5 % level
o+ Gigmficant at the 1 % level
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Table 6 3 Summary of the Annual Percentage Growth Rates for the Main Export Corps
(1975-1990)

Commodity Positive Negative Not Totai
Significant® Sigmficant Sigmficant”

(number of price series)

Coffee 3 9 1 13
Cocoa 1 3 3 7
Cotton 2 4 3 9
Groundnuts 0 1 1 2
Tobacco 0 1 1 2
Tea 0 4 0 4
Banana 0 0 1 1
Total 6 22 10 38

a Significant at the 10 percent and lower levels

b Not significant refers to the positive and negative annual percentage growth rate «f real producer prices

of the export crops that are not statistically significant at the 10 percentage confidence level
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transportation costs. For a given transportation cost, and exchange rate, countries with
a mgher inflation rate are likely to exhibit a negative growth rate of the real border price.
The real border price of cottee dechined significantly in eight of the thirteen countries
examined in this study In examiming the magmtude and direction of prices over time, it
is important to note that the real domestic producer and border prices moved in the same
direction tor the eight countries, although the magnitude of the price changes was greater
in the border prices than domestic producer prices. The real domestic and border prices
of coftee in Kenya changed by the equal rate and moved in the same direction. The
Kenyan marketing board used a “through-Put” pricing policy. that allowed world cotfee
prices to influence the domestic producer price. The cotfee producers may have suftered
more due to the world’s lower coftee price than a lower domestic producer price caused
by the domestic pricing policy.
6.2.2 Cocoa Prices

The growth rate of real domestic and border producer prices was estimated for
seven cocoa exporters. The estimated coefticients of the domestic prices were statistically
significant at the 10 percent level and lower in four countries and insignificant in the
remaining three. The real producer price decreased significantly in Cameroon (-1.88),
Ivory Coast (-2.55) and Liberia (-6.32). For these countries, the nominal producer prices
tor cocoa were unable to match the nising rate of inflation. Real producer prices increased
signiticantly in Nigeria (6.3 percent) and insignificantly in Togo (2.1 percent) and the
Congo Republic (0.59).

The growth rate of real border prices for cocoa expressed in domestic currency
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are also shown in Table 6.2. An examination ot the exponential rate of change in prices
reveals that real border prices experienced a significantly negative trend in all countries,
except Nigeria over 1975-90. The pattern of real domestic and border prices showed that
cocoa producers in Ghana, Cameroon, lvory Coast and Liberia exhibited dechming growth
rates for the domestic producer price and border price  These two producer prices ot
cocoa moved in the same direction in Nigena, but the growth rate of the real border
prices was greater than that of domestic producer prices.
6.2.3 Cotton Prices

The data tor cotton prices are available in nine African countries. The growth
rates of the real prices for cotton was estimated over the 1975-90 period. The growth
rates of the real cotton prices range between plus 4.6 to minus 3.2 percent per year. Real
producer prices increased significantly by 4.3 percent per annum in Central Atrican
Republic and 4.6 percent per year in Nigeria. It decreased signiticantly in Cameroon (0.9
percent), Tanzania (1.91), Malaw1 (2.28) and Gambia (3 25). Including the nonsignificant
estimates, the real producer price of cotton fell in six out of nine cases

The growth rates of real border prices tor cotton fell in reai domestic terms in the
Central African Republic, Burkina Faso, Malawi and Gambia and increased in Nigeria
and Sudan. The comparison of the pattern of domestic and adjusted worly market prices
reveals that cotton producers in Sudan and Tanzania saw their real prices dechine, while
the prices they could receive at world market increased. On the other hand, both prices
decreased significantly in Malawt and Gambia but the rate of decline in domestic prices

was lower than that of the border producer prices. Nigeria was the only country in this
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group where both domestic and border prices of cotton exhibited a positive growth rate.
6.2.4 Groundnut Prices

Complete information on the price of groundnut was available for the two main
groundnut exporters 1n Africa: Senegal and Gambia. The rate of growth of real domestic
prices for groundnuts tell significantly in Senegal and insignificantly in Gambia.
6.2.5 Tea, Tobacco and Banana Prices

The growth rate of the real producer prices and border prices for tea, tobacco and
banana commodities are presented in Table 6.2. The regression results for tea indicate
that the annual growth rates for both real domestic and border producer prices were
negative in all four countries examined in this study. The growth rate of real domestic
prices ranged from -2.8 percent per year in Tanzania to -6.0 percent in Malawi, while
the growth rate the border prices for these countries ranged between -5.4 and -8.1. For
most of the countries, the real domestic prices and real border prices declined at about
the same rate. The findings tend to suggest that the countries (with the exception of
Tanzania) have allowed world market prices to influence their domestic producer prices.

Real producer prices of tobacco are examined in two countries: Malawi and
Zambia. The Maiawian economy relies more heavily (than that of Zambia) on tobacco
exports for its foreign exchange earnings. In Malawi, the real domestic producer price
significantly dercreased by 3.23 percent per a year, while real border price increased
(insignificantly) by 1.97. The real producer price decreased (insignificantly) in Zambia
but the real border price of tobacco significantly increased by 6.5 percent.

Information on bananas prices was available for Somalia. The annual percentage
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growth rates of the real domestic producer price and the real border price of bananas for
Somalia were both statistically insignificant.

Thus in summary, the preceding results indicate that for the eight main export
commodities the estimated annual percentage growth rate in real producer prices increased
in only six out of the thirty-eight cases considered in the study and decreased in twenty-
two. The findings of the analysis of the producer price performance presented here,
suggest that most of the governments failed te keep nominal producer prices in line with
domestic inflation rates.

6.3 Analysis of Direct Effect on Producer Prices

The above discussion focused to some extent on the impact of government
intervention on the growth of real producer prices. The result was based on trend analysis
to examine the performance of producer price over time. This approach will not provide
a complete and conclusive picture of the effect of direct and ndirect price policy on
agricultural incentives. To provide an alternative measure of government policy distortion
on producer price incentives, the Nominal Protection Coetticient (NPC) method was
used. The value of NPC ndicates the direction and magnitude of policy distortions on
producer incentives and resource allocations. This study used the range of NPC value
proposed by Bayerlee and Sain (1986) to assess the pricing performance for the eight
main export crops in tropical Africa. NPC values ranging between 0.85 and 1 15 reflect
a policy environment free of taxation and subsidization. NPC values less than (1.85
implies a tax on producers of the commodity while a value ot NPC greater than 1.15

reflects a subsidization. NPC coetticient is calculated as the average of the ratio of the
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domestic producer price to the export unit value was calculated for two selected periods:
1975-89 and 1986-89. The results for export crops in tropical Africa are listed in Table
6.2. The countries in the sample were then classified according to NPC vaiues by
commodities and presented later.

An examination of the average ratio of producer price and export unit value tor
coffee reveals that cotfee producers in tropical Africa received, on average, 50 percent
of the border price over 1975-89 period. The value of NPC was highest in Kenya (0.88),
followed by Rwanda (0.76) and it was lowest in the Central African Republic (0.27) and
Madagascar (0.36). As a result, Kenya is the only country that exhibited an agricultural
pricing policy that did not tax or subsidize coffee producers. The remaining nine
countries exhibited values of NPC less than 0.85, and hence had a policy environment
that taxed coftee producers. directly or indirectly.

In 1986-89 period, most ot the countries experienced higher NPC values with the
exception to Tanzania. The average value of the NPC for cotfee producers in the latter
period was about 0.61. Three countries, Congo Republic (1.09), Kenya (0.95) and
Cameroon (0.90) showed a neutral agricultural! pricing policy environment. While the
remaining seven countries showed NPC values that suggested a taxation environment.
Many African countries have adopted policy reforms that increased producer prices of the
crops by raising the nominal prices while the border equivalent producer prices for coftee
fell. The increase in producer price and/or deterioration of the world prices results in the
higher NPC values observed.

The average of the NPC values for cocoa showed that producers received only 55
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percent of the border prices in 1975-89. Producers’ share of the border price ranged
between 0.71 for Nigeria and 0.38 for Togo. The values of the nominal protection
coefticient are lower than 0.85, indicating that producers received only a small traction
of world prices. In the 1986-89 period, the share of the border price received by cocoa
producers was 1.10 for the Congo republic, while the remaining seven countnes have a
NPC value that suggests an environment of taxation.

The estimates of nominal protection coetficients ot cotton tor the seven countries
examined lie between 0.82 for Malawi and 0 42 for Gambia, averaging 0.61 during the
whole sample period. These NPC values are lower than the 0.85 level, implying that all
countries pursued a pricing policy that reduced the share of world prices obtained by the
cotton producer. In 1986-89, the NPC values improved in Gambia, paying 91 percent
of the world prices, implying a pricing policy free of distortion. The remaining countries
have a value lower than 0.85.

The results of nominal protection coefticient for tea, groundnuts and banana are
also given in table 6.4. The overall average NPC values for tea is 0.52. It is highest in
Kenya (0.99) and lowest in Tanzania and Rwanda (0. 12) over the whole sample period.
In the 1986-89 period, the NPC values for Kenya and Malawi have shown that an
environment of no taxation or subsudization. For groundnuts, the estimates of the nominal
protection values show that Senegal (0.55) and Gambia (0.62) have both tollowed pricing
policies that represent a bias against groundnut producers. Banana producers in Somaha
received only 33 percent of the adjusted world price during 1975-89, suggesting a policy

distortion.
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Table 6 4 Nominal Protection Coefficient Results by Commodity,1975-89

Category Coffee GCocoa Tea Cotton Groundnuts Tobacco Total
Producer Taxed 12 8 3 8 2 2 35
Producer not taxed

or Subsidized 1 0 1 4] 0 0] 2
Producer Subsidized 0 0 0 0 0 0 0
Simple Average NPC 05 06 05 06 06 0.6

Number of Countries 13 8 4 8 2 2 37

Note According t Bayerlee and Sain (1986),

NPC -0 85 implies taxation environment,

0 85 - NPC <1 15implies environment of neither taxation nor subsidy and
NPC > 1 15 1ndicates subsicization policy
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The results of the NPC analysis are summarized in Table 6.4, for 1975-89
period. In assessing the policy distortions on incentives, the Nominal
Protectioncoefficients are calculated tn six mamn export commodities. This analysis
indicates that there exists widespread policy distortion tor most of the commodities
African producers recewved, for instance, a small proportion of adjusted real border
prices. On average, these shares ranged between 50 (for cottee and tea) to 60 percent (for
cocoa) of the border prices depending upon the commaodity under consideration. Since
1985, many African countries adopted policy reforms that increased domestic producer
and although producer prices increased in most of the countries, the NPC values still
indicated negative policy distortions.

The bias against agriculture resulting from government intervention is often
blamed for poor agricultural growth in tropical Africa. This argument depends on the
manner in which African farmers respond to policy measures as well as to how the
government revenues from taxation on agriculture are used. The responsiveness of
agriculture to incentives are estimated using an econometric framework that combines
cross-section and time series data set. The results of the aggregate agnicultural supply

response to prices and other relevant variables will be discussed in the following chapter.
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CHAPTER 7
EMPIRICAL RESULTS OF SUPPLY RESPONSE

7.0 Introduction

This chapter presents the empirical results for the response of export and food
crop output to price and non-price variables, based on pooled cross-section and time
series data. It discusses the results of the estimated coefficients of a dynamic equation
with variable intercept presented in chapter five (equations 5.1 and 5.2). Separate supply
equations are estimated tor the export and food crops.
7.1 Empirical Results of Export Crop Supply Response

Aggregate export crop output 1s specified as a function of the price variable (two
year average export price detlated by the current food price index), weather proxy,
fertilizer use, disaster proxy, a time trend variable, food output lagged one period and
country specific dummy variables. Estimated regression coefticients for the agricultural
export supply response in tropical Africa and the four agro-climatic regions are presented
in Table 7.0. The overall performance of the regression equations, based on the 20
countries over 16 years, 1s fairly high, suggesting that the explanatory variables are able
to explain from 96 to 99 percent ot the variation of the aggregate export supply'®. Most
of the estimated coefticients of the explanatory variables in the Tropical Africa (TA)

equation are consistent with prior expectations.

10

The Buse Raw-Moment R-square can be used as the goodness of fit measure when the
regression equation is esttmated using the original (rather than transformed data) data.
According to Buse (1973), this R-square is an "ad hoc” measure since the constant term
is suppressed m the estmated equation. The author showed that the measure is bounded
by zero and one.
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Table 7 0 Regression Cosfficients of Export supply in Tropical Africa and Four Main Agio-climatic Regions,

1974-89

Dependent varable Export Crop Output

Easternand  Sudano- ‘'Western
independent Southern Sahel Africa
Vanables Region Region Region

(ESA) (SSA) (WA)
Producer Prce’ 11132 0 537 18 864"
Lagged Dependent 0439 0 393™ 0477™"
Weather Proxy -6 314 58 688" 8 751
Disaster Varable -0 312 -0 961" 0024
Fertilizer Use 0979™ -0 169 0 330
Trend 13147 -1 010 0703’
Kenya 10714
Malawi 22 093"

Tanzania 25 512"

Ethiopia 27 83g™

Madagascar 36 049

Rwanda 57 573"

Zambia 12 670™

Sudan 86 466"

Gambia 139 31

Senegal 110 74™

Burkina Faso 107 96™

Nigeria 23 702"
Libena 17 628’
Ivory Coast 27 890°
Ghana 11645
Togo 24 267"
Central A.Rep

Congo Rep

Cameroon

Zaire

Number of obs 105 60 75
R-sq? 099 0 96 098
SSE 13 37 19 71 19 86

Central
Africa
Regton
(CA)

2070
0075
-0 829
0 139
-2 298"
0724

80 46"

77 001°

84 122"
96 691"

60
099
17 66

-

Tropical
Africa

(TR

2118™
0 429"
8 267

-0 239’

0 944™
0 535"
28 048"
44 385"
41 043"
45 237"
50 472"
76 596"
29 449"
57 699"
90 290"
78 422"
79 879™
48 580"
23 911™
46 357"
a0 791"
49 246"
45 385"
40 379"
47 558"
53 987"

300
099
291 2

1 Producer price for the export 1s the ratio of the two year moving average (t,t-1) and current food price index
2 R-sq refers to the Buse raw moment R-Square.
***x implies statistically significant at 1 % level,

** imphes 5 % level and

*indicates 10 % level of significance
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The estimated coetficient for the dependent lagged value in the export supply equations
is positive and significant at the 1 percent confidence level, with the exception of the
Central African (CA) region. The adjustment coetiicient for the Tropical Africa (TA) 1
057 (1 ¢ 1-8,) . presented i equation S 1), implying that countries adjust, on average,
57 percent of the actual output level relative to the desired output level in a given year.
The estimated adjustment coetficients vary shghtly across the four agro-climatic regions
and range from 0.52 in the Western Africa (WA) region to 0.61 in the Sudano-Sahel
(8SA) zone The higher adjustment value observed in the SSA may be related to
characternistics of the dominant export crops. The annual crops (such as groundnuts and
cotton) are the main export crops in the SSA region, whereas perenmial tree crops (such
as coffee, cocoa and tea) dominate agricultural exports for Eastern and Southern Africa
(ESA) and WA regions. Perenmial crops have a longer maturation period relative to
annual crops It is reasonable to expect that the actual output of the annual crops takes
less time to adjust to the desired level than of the tree crops. Other studies on aggregate
farm output response to price in some African countries have obtained estimates of
adjustment coetficient that he n the range found in this study. Sharma (1992), for
example, used a partial adjustment model to estimate the aggregate agricultural output
response to price and non-price variables in Kenya over the 1972-90 period and found
that Kenyan farmers adjust on average S0 percent of the desired tarm output in a given
year.

The coefticient of the price ratio variable (two year average export price detlated
by the current food price index) displays the expected positive signs in all equations,
except that of the Sudano-Sahel. The estimated coefficient of the price variable is
statistically significant at the 1 percent significance level for the TA, ESA and WA
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regions but is msignificant tor the CA and SSA regions.

The direct short-run and long-run price elasticities for agricultural export supply
for Tropical Africa (aggregate model) and four agro-chmatic regions (regronal models)
are given n Table 7.1'"". The overall short-tun price elasticuty tor TA is 0 02 while the
long-run elasticity 15 0.04 (B8,/(1-B¢)). The elasticity estimates tor the ESA 15 0 12 m the
short-run and 0.22 in the long-run. For the Western Africa region, the estimated short-
run and long-run price elasticities are 0.23 and 0 43, respectively. The aggregate price
elasticities of export and food supply are also estimated using double-logarithm tunctional
form. The estimated short price elasticities of the export supply ate statistically signiticant
in Tropical Africa (0.04), ESA (0.11) and WA(0.27), and insigniticant in SSA and CA
(see appendix Cl). As a result, the producer prices so detined influence current
production decisions in Tropical Africa, ESA and Western Atrica regions Farmers in
these regtons can adopt agronomic practices that increase the quantity and improve the
quality of agricultural export production.

The estimated price elasticities are, however, less than unity, indicating that
although price incentives are necessary, they are not sutficient to substantially raise
export crop production and hence agricultural exports. Morcover, the positive supply
response to relative producer price (ratio ot export price and food crop prices) obtamned
in the ESA and Western Africa regions support the view that thete is resource

competition between agricultural export crops and {ood crops.

11

It should be noted that the production elasticity 15 equal to the supply clasticity
only under the assumption of that a constant percentage of production is consumed. If this
assumption is violated, the production elasticises (such as the ones reported i this study)
underestimate the supply elasticities
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Table 7 1 Aggregate Price Elasticities for Food and Export Supply in Tropica! Africa and Four
Main Agro-chmatic Regions, 1974-89

FOOD CROPS

Country/ Regional Aggregate
Region Model Model(TA)
Kenya 012 0 05
Maiawi 015 006
Tanzania 0.16 007
Ethiopia 0.23 010
Madagascar 0.18 007
Rwanda 0.12 005
Zambia 011 0.05
East./Southern(ESA) 018 na*
Sudan ns 005
Gambia ns 0 06
Senegal ns 005
Burkina Faso ns 005
Sudano-Sahel(SSA) n.s na
Nigeria 005 004
Liberia 011 0.09
lvory Coast 006 0.05
Ghana 0.63 0.53
Togo 005 005
Western Africa (WA) 0.07 n.a
Central A.Republic n.s 007
Congo Republic ns 0.03
Cameroon ns 005
Zaire ns 004
Central Africa (CA) ns na
Tropical Africa (TA) na 005

Regional
Model

010
016
011
013
009
0.10
0.13
012

n.s
ns
ns
ns
n.s

024
012
019
033
023
023

ns
ns
n.s
ns
n.s

na

EXPORT CROPS

Aggregate
Model(TA)

002
003
002
003
002
002
003
na

002
001
001
002
na

0.03
0.01
0o02
0.04
0.03
na

002
003
002
005
na

002

Note. Aggregate price elasticities of the agricuttural export or food supply for each country \¢,) are calculated
using the formula €, = (6Q/6P}(P,/Q;),where P, and Q, are the mean of the price and quantity, respectively, for
™ country The (6Q/&P) 1s a common coefficient of the price vanable from the aggregate (tropical) and
regional regression models

# n.aimplies not cpplicable, and n s 1s not statistically significant
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Separate price elasticities at the country level are also calculated, using the
regression coefficients of the supply functions, and country specitic values of price and
quantity variables. These elasticity estimates are hsted in Table 7.1, column 4. In general,
price elasticities derived from the regional models are higher than the price elasticities
calculated trom the aggregate model. The derived price elasticities based on the regional
models for Eastern and Southern African countries range from 0.09 (1in Madagascar) to
0.16 (in Malawi), whereas those estimates derived from tne coetficient of the aggregate
model range between 0.02 and 0.03. The price elasticities derived from the regional
regression equations are higher for the Western African countries relative to those of the
ESA countries. These elasticity estimates extend from 0.12 in Liberia to 0.33 in Ghana
while the price clasticities derived from the TA equation range from 0.01 in Liberia to
0.04 in Ghana. The export price elasticities for the SSA region derived from the
aggregate model are between 0.01 (for Gambia and Senegal) and 0.02 (for Burkina Faso
and Sudan). The elasticity estimates tor the Central African countries range between 0.02
and 0.05.

The short-run price elasticities for export supply in Tropical Africa, ESA and WA
regions are from 0.02 to 0.23, while the long-run price elasticities lie hetween 0.04 to
0.43. These estimates are comparable to previous empirical evidences on supply response
to price in tropical Africa, which ranged between 0.06 and 0.3 (Bond, 1981; Jaeger,1992;
Binswanger et al. 1987).

The coefticient of the weather variable is positive in three of the five regression

equations. The coefficient is positive and statistically significant at the 5 percent
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confidence level in the SSA and insignificant in all other cases. The results tend to
suggest that the weather variable plays more important role in intluencing the annual
export agriculture in the SSA region, where price was tound not have significant ettect.
The leverage of weather eftect on agriculture is more pronounced n the senmiarid 1egion
relative to the humid and sub-humid zones in tropical Africa In a recent study, Tuker
et. al (1991) have pointed out that the raintall in the Sahel region was consistently below
the long trend (1900-87) since the 1970s, partially explaining the declining agricultural
production in the region.

The coetficient of the weather variable in the Tropical Africa equation remains
statistically insignificant even when the regression equations are estimated using the
instrumental variable technique (where output of export crop lagged two periods instead
of one period, is used as an instrument) and the generalised least squares method (Error
Component model). The coetficient is, however, significant at the 5 percent level in the
pooled regression equation (i.e common intercept and common slope as shown n the
appendix table D1). These results tends to indicate that the significance of the weather
variable on the agricultural output diminishes, when the country eftect is introduced in
the supply equations. This finding is quite interesting because some of the pervious supply
studies in tropical Africa found a strong weather etfect on the aggregate agricultural
output (Bond, 1983) and aggregate agricultural export supply (Jaeger,1992).

The estimated coefficient of the disaster variable i negative and statistically
significant only in the SSA and the TA regions in the both functional forms (log-linear

and linear). The significance of the coefficient in the SSA equation reflects the existence




of ever present droughts which adversely affect the agricultural export output in the
region. Droughts occur in the Sahel cyclically. It has been indicated that a long-lasting
drought period (up to five years) happens in the Sahel five times in every century (La-
Anyane, 1985).

A fertilizer use variable is also included in the supply equations. The estimated
parameter for the tertiizer use is positive and strongly significant at the 1 percent level
in the TA equation. The calculated elasticity indicates that an increase in fertilizer
consumption per hectare by 10 percent would increase the output of the export crops by
0.6 percent in Tropical Africa. The effect of the fertilizer use differs in the four main
agro-climatic regions in tropical Africa. The coefficient is positive and statistically
significant at the 1 percent level in the ESA region but insignificant in semi-arid SSA and
humid WA regions. The coetficient is negative and significant at the 5 percent level in
the CA region. The difference in the tertilizer effect on agricultural production across the
agro-climatic regions tends to be associated with the share of fertilizer use in tropical
Africa. The share of the fertilizer use per hectare for ESA region was approximately 52
percent of Africa’s fertilizer consumption, while the combined share of the other three
regions was 48 percent during the 1961-85 period (Dessai and Gandhi, 1990). The Central
Africa region had the lowest share of fertilizer use in tropical Africa.

The time trend variable used to capture the effect of changing technology is
positive in all equations except the semi-arid SSA and CA equations. The coetficient is
statistically significani in TA, ESA and WA regions. The coefficients of the time trend

and fertilizer use variables are strongly significant in the ESA region, where roads are
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relatively improved and chemical nutrients and agricultural technology (such as high-
yielding varieties) have been introduced to the agricultural export sector. The time trend
variable as proxy for technical progress in cross-country supply vartations assumes that
state of technology grows at constant and identical rate m cach countty However, i
reality the adoption rate of a technological tnnovation depends on climatic condition and
agricultural potential of a country.

Dummy variables for the intercepts are introduced in all regression equations to
capture the time-invariant "country ettects” on agricultural production. The etfects may
include soil potential. The estimated coefficients of the country intercepts are highly
significant in all the regression equations (except those tor Ghana and Kenya), indicating
that the country effect is important in explaining the variation of agricultural export
production.

7.2 Empirical Results of Food Crop Supply Response

This section presents the results of the aggregate food crop supply response for
Tropical Africa and the four main agiicultural regions over 1974-89 period. Aggrepgate
food output is specified as a function of the last year’s domestic terms of trade (domestic
food price index deflated by national consumer price index), weather proxy, tertilizer use,
disaster proxy, a time trend variable, food output lagged one period and country specific
dummy variables. The estimated coefticients of the food supply equations are shown in

Table 7.2'2. The overall fit of the food equations 1s reasonably good, indicating that the

. The regression coefticients of the covariance model (log-linear form) and the pooled

model (both linear and log-linear tunctional form) for the food crop output response in
the tropical Africa and four regions are provided in the appendix- Tables C2, D3 and D4.
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Table 7 2 Regression Coefficients of Food Crop Supply in Tropical Africa and Four Main Agro-chimatic Regtons,

1974-89

Dependent vanable Food Crop Output

“Easternand  Sudano- Western Central Tropical
independent Southern Sahel Africa Africa Africa
Variables Flegion Region Region Region

(ESA) (SSA) (WA) (CA) (TA)
Producer Price’ 0 143" -0 027 0071 0 008 0.059™
Lagged Dependent 0 374" -0 071 0312™ 0 247" 0 230"
Weather Proxy 41529 119.55"" 27 423" 17 710" 35015™"
Disaster Variable -0 122 -0 060 -0 130 -1129 -0.116
Fertilizer Use 0 572" 0 052 -0 138 2 600™ 0.021"
Trend 1267 2322™ 3393 3 558" 2637
Kenya 44 015" 81677
Malaw! 31638 52.414™
Tanz nia 36 873 54 163"
Ethiopia 17 404 27 751"
Madagascar 37 861" 55 681"
Rwanda 40 162" 50 4517
Zambia 52 701" 82 269"
Sudan 88 050" 49.839™"
Gambia 87 565 48 816
Senegal 113 17" 66 109"
Burkina Faso 120 617" 71195™
Nigena T 61064
Liberia 36 670" 51870
vory Coast 39 400™ 53.226™"
Ghana 50.883™" 66 905"
Togo 45 309" 60.795™"
Central A Rep 61 771" 65 199"
Congo Rep 89.592™ 100.85™
Cameroon 50 639" 58 483"
Zaire 51702 6119™
Number of observation 105 60 75 60 300
R-Square’ 099 099 099 0 99 099

Note. 1 Producer price 1s aggregate food prices lagged one psiiod (t-1)

2 R-square refers to the Buse raw moment R-Square
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explanatory variables in the equation explain over 90 percent of th  variations of the tood
output.

The coefficient of the lagged dependent variable is positive and highly significant
all of the regression models except the SSA region  The estimated adjustment coefticient of
tfood production ranges between 0 63 to 0.77, indicating that food producets adjust trom 63
to 77 percent of the desired tood output in a given year depending on the agro climatic
regions. The value of the coetticient is 0.75 in CA, 0.63 n ESA and 0.69 percent in WA,
These in general are higher than the adjustment coetficients for the export crops mnvolving
more perennial crops.

As expected, the estimated coefticient for the expected real food price in ‘Fropical
Africa equation is positive, and statistically sigmificant at the 1 percent contidence level This
evidence suggests that the domestic terms of trade of tood lagged one period 18 important in
influencing the current year's food production in tropical Africa. The aggregate short-run
price elasticity of the food crop output is O 05 while the long-run price elasticity 15 0.07 (see
Table 7.1).

The eftect of producer price on aggregate food crop output also varies among the main
agricultural regions. Similar to the export supply response, the price coetticient 1s positive and
statistically significant at the 5 percent and lower confidence levels i the ESA and WA
regions but is insignificant in the SSA and the CA regions. The short-run tood price clasticity
estimate ranges trom 0.07 in WA region to 0 15 in the ESA region, while the estimate of the
long-run elasticity for the two regions is 0.10 and 0 23, respectively. The crop output

response to food price is higher in the ESA relative to that of the WA region. On the other
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hand, the tood price coefficient is not statistically ditfferent from zero in the SSA region and
CA. The short-run price elasticities of food supply for each country in the sample are derived
using the significant price coefficients (regional and Tropical Africa equations) and mean
values for food price and output. The estimated short-run food supply elasticities for the ESA
countries based on the regional modei range between 0.1 to 0.23, whereas the elasticity
estimates calculated from the ‘Tropical Africa model (aggregate model) are between 0.035 to
0.10.For Western Atrican countries, the price elasticity estimates trom the aggregate and
regional models are quite similar, ranging between 0.1 to 0.6. In this group, the highest
elasticity estimate 1s obtained in Ghana (0.5 to 0.6), while the elasticity estimates of the
remaining four countries range between 0.05 to 0.10. As expected the food crop supply
elasticities are higher than the perennial export crop supply elasticities.

The estimated price elasticities for Sudano Sahelien and Central African countries are
calculated from the price coetticient of the TA equation since the price coefficients for the
regional models are not staustically different from zero. These elasticities range between 0.04
to 0.07 tor the Sudano-Sahelien countries and 0.05 to 0.06 for the Central African countries.

Overall, the elasticity estimates for tropical Africa are 0.05 in the short-run and 0.07
in the long-run. However, the responsiveness of food producers to price incentives varies
among the main agricultural regions. The short-run price elasticity for the food supply is
tound to be 0 15 1n the ESA and 0.07 in Western Africa, while the estimated price elasticity
is not ditferent from ze-s for the Sudano-Sahel and Central Africa regions.

The estimates of the aggrepate price elasticity presented here suggest that food

producers in tropical Africa, ESA and WA regions are responsive to the changes in the
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domestic terms of trade. These results are consistent with the previous results on the tood
production. Bapna etal. (1984) estimated an aggregate shott-run price elasticity ot tood output
crop for the semi-ard tropical regions m India using cross section and time seties data  Uhey
found aggregate price elasticities for tood crops ranging from ¢ 05 10 0.09 These values are
equal to the elasticity estimates tound in tropical Adrica and Western Atnica, but are lower
than the elasticity estimates obtained 1n the ESA region This hinding seems to support
Binswanger’s (1989) argument that "the short-run supply elasticities for Sub-Sahatan Atica
are no lower than for other areas”.

The food supply response to output price obtained in this study was nelastic, implying
that price policy alone can not prompt a substantial increase in agricultural tood production
in tropical Africa. Investment in agricultural technology is also needed tor increased
agiicultural growth. The estimated elasticity ot the weather proxy variable is positive and
highly significant at the 1 percent level for all the food equations. The estimated coetticients
of the rainfall range 0.001 to 0.006, indicating that a 10 percent drop ot the actual cereal
yield tfrom it’s trend will lead to 0.01 to 0.06 percent of the food production depending on
the region. The coefficient of the "Disaster” proxy 1s negative as expected but does not
emerge statistically different trom zero in all regression equations It has been retained in the
models to preserve the consistency of the models with the export crop supply response
models.

The coefticient of the fertilizer use variable is positive and statistically significant at
the 1 percent confidence level for the TA, ESA and CA regions, but insignificant in the semi-

arid SSA and in the humid WA regions. The magnitudes of the significant fertilizer
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coetficients range from 0.03 to 0.06, suggesting that a 10 percent change in fertilizer use will
lead to a 0.3 to 0.6 percent change in the tood production.

The estimated coetficient on the time trend variable 1s also positive and strongly
significant at the 5 percent or lower level :n all the equations, showing that technical and
institutional factors are important in improving food crop productivity in these regions. The
rate of change n agricultural productivity 1s, however, low. The magnitude of tie coetticients
range from 0 09 1n ESA to 0.25 in Western Africa. Investments 1n non-price factors such as
road infrastructure, research and extension, and improved food markets can raise tood
productivity and increase region’s productive capacity to teed it’s rising population.

A dummy for the variable intercept is also included in the regression equations to
represent factors that are specific to each country. The estimated coefficients for dummy
variables are positive and statistically signiticant in all equations. Similar to the expoit
equation, the inclusion of the intercept dummy variables 1n the econometric model improves
the consistency and efficiency of the parameter estimates in the food supply model. It is
ditficult to interpret the coetticient of the dummy variable since it attempts to represent all

un-observable and time-invariant factors that influence agricultural productivity.

90



CHAPTER 8
SUMMARY AND CONCL.USION

8.0 Iatroduction

The performance of African agriculture deterrated in the 1970s and 1980s  Per capta
food production in tropical Africa declined by 0.9 percent and the marhet share of the ten
main agricultural export commodities in tropical Atuica tell by about 4.5 percent per annum
Agricultural pricing policies used by African governments have been blamed ot the
agricultural crisis. The etfect of the policy measures on producer incentives and how
producers respond to tncentives 1 relevant to the understanding of agricultural problems and
reversing the declining agricultural trends.

After reviewing the price performance of the staple tood and main export crops in
tropical Africa, this thesis examined the tmpact of agricultural price and other factors on tood
and export crop production. The dual objective of the study was to investigate the degree ot
responsiveness of African farmers to incentives n different agro-climatic regions ‘To
accomplish these objectives, the study 1s divided into two parts. The first part tocused on
producer price performance over time while the second part focused on agricultural supply
response to price and non-price factors.

8.1 Findings Related to Government Policy Distortions

The effect of the government ntervention on producer prices was estimated using a
exponential growth rate model. Average Nominal Protection Coetficients were also calculated.
Real producer prices, as measured by official producer prices deflaied by nattonal ~onsumer

price indices, were used as measure of price incentives since the producer price 1s the main
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tocal point of government intervention. It *vas postulated that if the policy-maker pursues a
pricing policy that favours producers relative to consumers, real producer prices will exhibit
a positive trend. On the other hand, when government intervention represents a bias against
agriculture, real producer price i1s expected to show a negative price trend. The analysis lead
to several important conclustons.

1. The analysis of the annual percentage growth rates for the real food prices indicates that
there are more countries that exhibit a significant decrease (twenty-nine out fifty-four cases)
in real food prices series than a significant increase (ten price series) over the 1975-1990
period. The remaining fifteen price series were not statistically different trom zero.

2. With regard to the export commodities examined, the estimated annual percentage growth
rates were positive 1n six out of the thirty-eight cases and negative in twenty-two price series.
Otficral producer prices of export crops tor most of the countries have been unable to keep
pace with the increase in consumer prices. This pattern is common to almost all of the
commodities.

3. Further, the analysis of the average nominal protection coetficient (NPC) of the export
crops confirms that there is widespread policy distortion for most of the export commodities.
African preducers recerve a small proportion of the real border prices, ranging between 50
to 60 percent ot the border prices depending the commodity under consideration. Since 1985,
many African countries have adopted price pohicy reforms that increase domestic producer
prices. Despite this etfort, the NPC values still show an environment of possible taxation

during ths period.
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8.2 Findings of Aggregate Price Elasticity Estimates

The impact of price distortions resulting trom government intervention depends on the
manner 1n which African producers respond to policy measures and how the gor cinment
revenues from the tax on agriculture are used e agrnicultual producers are highly responsive
to price incentives, price policy that taxes their products can have a strong impact on producer
incentive, which n turn, will reduce agnicultural productivity  On the other hand, producers
can be constrained by the lack of pubhc expenditure on research and extension services,
tmproved road infrastructure, assured water supply and input distribution. The provision of
these factors 1s important for African farmers to respond to price incentives. To examine the
responsiveness ot agriculture to producer prices and non-price variables, an econometiie
dynamic supply equation with variable intercept is estimated using annual cross section and
time series data from 20 tropical African countries during 1974-89. This econometiic model
is selected from the various panel data models based on the Hausman specification test
statistic. Aggregate food and export crop output are regressed on the relative ouiput price,
weather proxy varisble, fertilizer use, disaster variable, technology proxy varable, lagged
dependent variable and dummies for the variable country intercepts

Analysis of the results of the agricultural aggregate (food and export) crop output
response to producer price and non-price variables leads to the iollowing hindings and
conclusions.
1). The estimated aggregate price elasticity estimates for both export and tood crop supply in
tropical Africa are positive and significant, suggesting that agricultural producers in tropical

Africa do positively respond to price incentives. The degree of response to price, however,
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is small and less than unity. The estimated price elasticities for aggregate exports are 0.02 in
the short-run and 0.04 in the long-run long. For food crops, the short-run and long-run price
elasticities are 0.05 and 0.07, respectively.

2. Comparing the estimated coefficients of the price variable and price elasticity estimates of
the main agro-climatic regions reveals that agricultural producers in the ESA and Western
Africa regions are more responsive to price incentives relative to their counterparts in the
Sudano-Sahel and Central Africa regions. This result is valid for both the aggregate export
and food crop output supply functions.

3. The positive export output response to relative price observed in the ESA and Western
Africa regions leads to the conclusion that the export and food crop production do compete
with each other for agricultural resources. 4. The price coefficient and elasticity estimates
of the food and export crops in the Semiarid Sudano-Sahel region are not statistically different
from zero. The weather variable and disaster variable are strongly significant in the SSA
region, indicating their relative importance over price incentives in determining agricultural
output. Investment in low cost irrigation schemes to counteract adverse weather conditions is,
therefore, essential to increase for agricultural output in the region.

5. The coefficient of the trend variable is positive and significant in most of the aggregate
supply functions. This evidence indicates the importance of the non-price factors in increasing
agricultural output in tropical Africa. Increasing the supply of the public factors such as road
infrastructure, research and extension, improving food markets and input distribution can
increase agricultural production in tropical Africa. Herice supporting the hypothesis that

provision of non-price "technology" factors along with the favourable price incentives are
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more effective in raising the agricultural production.
8.3 Policy Implications of the Study

The findings of this thesis indicate that government intervention in tropical Africa in
agricultural marketing and pricing has distorted agricultural production incentives. Pricing
policy reform that reduces government distortion in the agricultural market can be an
important step toward inducing agricultural producers to raise agricultural output and adopt
new agronomic practices that will improve the guality and quantity of crop output.

The price incentive alone, however, may not mduce any substantial increase in
agricultural productivity since the aggregate crop output response to price incentives is very
low. Agricultural productivity in tropical Africa is constrained by the absence of appropriate
agricultural technologies. The low short-run aggregate price elasticity often obtained in the
agricultural supply response literature clearly mirrors the lack of roads, transport facilities,
lack of research and extension, and shortage of an assured water supply. Provision of these
non-price factors is the key for raising agricultural productivity and production in Africa.

The main agricultural regions in tropical Africa differ, however, in their agricultural
constraints and agricultural policies need to recognize the constraints of the each region in
order to be more effective in raising agricultural output. In some regions such as SSA the lack
of soil moisture and low soil fertility are the main constraints for expanding ag: ‘cultural
production. Increased water supply and improved fertilization are important for expanding
agriculture there. Producers in Eastern and Southern Africa, and Western Africa respond
positively to price incentives. As a result, favourable pricing policy and provision of good

roads and appropriate research and extension services are needed to increase agricultural
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production in these regions.
8.4 Limitations of the Study

Although this study attempts to contribute the assessment of the agricultural supply
response in tropical Africa, there are several limitations. These shortcomings relate mainly
to data problems, which have an impact on the depth and relevance of price analysis. First,
the domestic price and production data used in the study are taken from official sources.
Although the data are the best available, they do not reflect farm gate prices (output) due to
the lack of transportation and other marketing costs. Second, the nominal protection
coefficient analysis is used to examine producer price incentives. While this method is a
common measure of price incentive, it considers only output price and not input prices.
Moreover, the domestic prices of tradeable commodities are derived from the appropriate
world price using a fixed official exchange rate. The domestic currencies are controlled and
overvalued. As a result, the rate might not be a good indicator of the opportunity cost of
foreign currencv. An alternative such as the effective exchange rate can be used in order to
estimate the effective protection coefficient if data on input prices are available. Also, the
method used in aggregating data is always open to criticism and the estimated coefficients may
lack efficiency due to aggregation bias.

Similar reservations need to be expressed in the use f the dynamic equation to
estimate the response of the aggregate crop output to price and non-price variables. The
covariance model was used to estimate relevant parameters. The coefficients are unbiased and
consistent, only when the lagged dependent variable among the explanatory variables is not

correlated with error terms. If this underlying assumption is violated, the estimated parameters
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become less robust and the estimation methods such as three stage least squares and maximum
likelihood need to be employed in order to obtain more consistent and efticient parameter
estimates. These techniques require, however, a large sample size, and also are not free from
additional estimation problems. However, improvements in data and estimation ¢ -chniques

may produce better results.
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APPENDIX A: EXPORT AND FOOD COMMODITIES USED IN THE STUDY
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Appendix A The export and food crops for Tropical African countries used

in the study
Region/ Export
Country Crops

Eastern and Southern Africa

Kenya
Malawi
Tanzania
Ethiopia
Madagascar
Rwanda

Zambia

Coftee, Tea

Tobacco, Cotton
Coftee, Tea, Cotton
Coffee

Coffes, Clover, Vanilla
Coffee, Tea

Tobacco, Cotton

Sudano-Sahel Region

Sudan
Gambia
Senegal
Burkina Faso

Cotton
Groundnuts, Cotton
Groundnuts, Cotton,
Cotton

Central African Region

Central A Rep
Congo Rep
Camaercon

Zaire

Coffee, Cotton
Cocoa. Cotffee
Cocoa, Coffee, Cotton

Coffee, Paim o

Westernern African Region

Nigena
Libena
ivory Coast
Ghana
Togo

Cocoa,Cotton

Coffee

Cocoa,Coffee

Cocoa

Cocoa, Coftee, Cotton

Food
Crops

Maize. Sugar
Maize,Groundnuts

Maize, Rice, Cassava, Sorghum
Maize, Sorghum ,Barely
Cassava, Rice

Maize, Soerghum

Maize. Cassava, Wheat

Sorghum, Groundnuts, Sesame
Mitlei, Rice

Sorghum, Rice

Sorghum, Maize, Groundnuts

Cassava, Sorghum, Groundnuts
Cassava, Maize
Cassava, Rice, Maize

Cassava, Maize, Rice

Maize, Millet, Groundnuts, Cassava

Cassava
Cassava, Rice
Cassava, Maize, Groundnuts

Cassava, Maize Millet

Note The classification of the crops I1s the one reported in the African Financial and Economic Data (1989)
In this source, export and food crops are classified and ranked according to the contribution of export earning
or calorie intake of 1986/87 year
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APPENDIX B: VARIOUS ECONOMETRIC EQUATIONS ESTIMATED
FOR SPECIFICATION TESTS
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Appendix B Table B1 Estimated Coefficients of Various Methods for Food Crop Supply Responses in Tropical
Africa, 1974-89

Estimation Method'

Independent
Variable S )
PR cv GLS v
Producer Price 2.477" 1 879" 1 728" 1474
Lagged Dependent 0773" 0393"" 0 3g92™ 0002
Weather Variable 15 142" 8 291 7.916 8 684
Disaster Proxy -0 026 -0 201 -0 182 -0 099
Fertilizer Use 0.187" 0948 0933™ 1294™
Trend Variable 0.443" 0605 0.693™ 10217
Constant 17 161" n/a 45 64" na
Number of Obser 300 300 300 280
Buse R-square 099 042 053 025
SSE 1557 172.2 152 4 1357

1: PR = Pooled Regression CV = Covanance Mode! GLS = Generalized Least Square IV - Instrumental
Vanable Model

Note. The specification of vartables varies with the method of estimations The data used in the Pooled
regression model are the original values except for the weather vanable (log-form)

For the CV model, the dat~ are deviations of each vanable from it's country mean, so the individual country
intercepts are eliminated The result of the CV based on the transtormed data are equivalent to the results of
the model based on the orginal data {level) (as 1s shown in the Table 7 0)

The magnitude of the estimated coefficients of the data are transformed using the vanation of the within-
country and between variation as weight to estimate GLS

For the Instrumental variable method (iV), the data are the tirst difference of the variables.
n.a stands for not applicable

*, xx xxx mply significant at the 10, 5 and 1 percent level, respectively
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Appendix B Table B2 Estimated Coefficients of Various Methods for Export Crop Supply Responses in
Tropical Africa, 1974-89

Estimation Method'

independent -

Vanables PR cv GLS v
Producer Price 0020 0045™ 0.055™ 0.140™"
Lagged Dependent 0547 0.239"" 0.323™ 0 008
Weather Variable 28.721™" 34.63™ 33 58™ 57.23"
Disaster Proxy -00r1 -0.11 -0.091 -0 070
Fertilizer Use 0 000™" 0035 0.015 o671’
Trend Vanable 0.973" 2.620"" 2377 1.6081"™"
Constant 13.500° na 76 99 ra
Number of Obser 300 300 300 280
A-square 0 999 068 0.68 0.60
SSE 149 5 284 1 153 6 155 6

t PR = Pooled Regression CV = Covariance Model GLS = Generalized Least Square IV = Instrumental
Variable Model.

The specitication of variables varies depending on the method of estimations. The data for each variables are
in onginal values except to weather varnable in PR

For the CV model, the data are deviations of each varnable from it's country mean, so the individual country
intercepts are elimnated The result of the CV based on the transformed data are equivalent to the resuits of
the model based on the orginal data (levels) (as 1s shown in the Table 7 2)

For the GLS approach, the data are transformed using the vanation of the within-country and between
variation as weight

For the Instrumental variable method (1V), the data are first difference of the variables
n.a stands for not applicable

*, 0+ w0xmply significant at the 10, 5 and 1 percent level, respectively
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APPENDIX C REGRESSION COEFFICIENTS FOR EXPORT AND FOOD
CROP OUTPUT RESPONSE IN TROPICAL AFRICA AND MAIN
AGRO-CLIMATIC REGIONS (DOUBLE LOGARITHM FUNCTIONAL FORMS)
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Appendix C Table C1 Coefticients of Covariance for Export Crop Supply Responsesin Tropical Africa and four
main Agro-chimatic regions,1974-89

Dependent vanable Export Crop Qutput '

Eastern and Sudano- Western Central Tropical
Independent Southern Sahel Africa Africa Africa
Variables Africa Atrica

(ESA) (SSA) (WA) (CA) (TA)
Producer Price’ 0108™" 0017 0 270™ -0.016 0.036™
Lagged Dependent 0 308™" 0316™ 0.388™ 0.204 0 374™
Weather Proxy -0.007 0 452" 0071 -0.135 0.085
disaster Vanable -0 002 -0 006™ 0 001 -0.061 -0.002"
Fertilizer Use 0.083" g.121 -0.01 -0.003 0.007
Trend 0.020™" -0 003 0.014" -0 001 0.007™
Kenya 2 240" 2826
Malaw: 2215™ 2.816™"
Tanzania 2.260™" 2.734"
Ethiopia 2,305 2.749™
Madagascar 2.425™ 2817
Rwanda 2,702"* 2,996
Zambia 2.119™ 2760™
Sudan 2 292" 2.869™"
Gambia 2.505™ 3185™
Senegal 2416 3042
Burkina Faso 1.436'" 2969™
Nigerta 2765 2.810™
Liberia 2,781™ 2.502""
Ivory Coast 2824 2.815™
Ghana 2650 2,734™
Togo 2 753" 2.784""
Central A R 3973™ 2718™
Congo Rep 3932™" 2636™
Cameroon 4.069"" 2759™
Zaire 4.33"™ 2838™
Number of Obser 105 60 75 60 300
R Sq 0.98 0.99 099 0.99 0.99

1 the total export production, producer prices, weather variable and fertilizer uses are expressed in logarithm.,
2. producer price for the export 1s ratio of moving average of two year (,t-1) and Current food price index.
*, e o imply significant at the 10, 5 and 1 percent level, respectively
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Appendix C Table C2 Regression Coefficients for Food Supply Responses
in Tropical Afnica and four main Agro-climatic Regions.1974-89

Dependent variable Food Crop Output

Eastern and Sudano-
Independent Southern Sahel
Vaniables Region Region

(ESA) (SSA)
Producer Price ' 0148  -0033
Lagged Dependent 0 265™ -0 086
Weather Proxy 0 422" 1261
disaster Variable -0.001 -0.002
Fertilizer Use 0.036 -0 008
Trend 0016™ 0.019™"
Kenya 2 429™
Malawi 2 253"
Tanzania 2273
Ethiopia 2024
Madagascar 2.309™
Rwanda 2,367
Zambia 2 438™
Sudan 4985
Gambia 5042
Senegal 5 258"
Burkina F. 5307
Nigena
Liberia
Ivory Coast
Ghana
Togo
Central AR
Congo Rep
Cameroon
Zarre
Number of observations 105 60
Buse R-square 099 099

Western
Afnca
Region
(WA)

- 0038

0235
0 278"
-0 002
0 000
0016

3.052""
2982™
2973
3085
3019™

75
0.99

Central
Africa
Region
(CA)

0006

0189~
0123
-0 009"
0009
0035

3.52™"

3735™
3 439"
3 449"

Tropical
Atnica

(TA)

0026

0 168"
0 357
-0 002
0 002

0 024™
3767
3519
321"
3 550"
3 a95™
3 763"
3 443
3 466"
3636
3673
3 586"
3 533"
3519
3636
3 546"
3638
3 873"
3 569"
3 594"
3 987"

300
0999

Notes 1. the food crop output, producer prices, weather proxy and fertilizer use are expressed in logarithm Their
coefficient may be considered as an elasticities 2 Producer price 1s the aggregate food prices lagged one period

(t-1)

*, ** xkx mply significant at the 10, 5 and 1 percent level, respectively
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APPENDIX D: REGRESSION COEFFICIENTS OF POOLED MODEL IN
TROPICAL AFRICA AND MAIN AGRO-CLIMATIC REGIONS
(LINEAR AND 1LOG-LINEAR FUNCTIONAL FORMS)
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APPENDIX D Table D1 Coefficients of Pooled Model tor Export
Supply Responses in Tropical Africa and Main Agro-climatic Regions (Linear),1974-89

Dependent variable' Export Crop Output

Eastern and Sudano- Western
Independent Southern Sahel Africa
Variables Reé;ion Reg«on Regnon

(ESA) {SSA) (WR)
Producer Price ' 6.387" -813 17.026"""
Lagged Dependent 0.833"" 0.489°" 0.650""
Weather Proxy -3 576 63.08"° 20 874
disaster Variable -0.039(0 14) -0.733™" 0016
Fertlizer Use 0 097(1.00) 1.939""° 0326
Trend 0.846" 0.407 0 487
Constant 4,550 78.313"° 13.480'
Number of observations 105 60 75
R-square 0 991 093 099
SSE 54 26 31 31 38 81

* wx wxd imply significant &t the 10, 5§ and 1 percent level, respectively

Central
Africa

R

4 148"
0.408"
-5 441
0 059
-1 986
0.487
58.735

60
098
38 81

1 producer price is the ratio of two year moving average of the export prices and current food prices

APPENDIX D. Table D2 Coefficients of Pooled Model for Export Supply Response
In Tropical Africa and main Agro-climatic Regions (Log-linear),1974-89

Dependent variable Export Crop Output'

Tropical

Africa
(TA)

2.477"
0773
15.142%
0026
0.189"
0 443"
17.161°""

300
099
149 §

Eastern and Sudano- Waestern Central
Independent Southern Sahel Africa Africa
Vanables Region Region Region Region

(ESA) (SSA) (WA) (CA)
Producer Price? 0.089" -0 003 0.273" 0016
Lagged Dependent 0.630"" 0.430°" 0.427"" 0.410"
Weather Proxy -0 023 0.379" 0126 -0 224
disaster Variable -0 002 -0.006""" -0 001 0 000
Fertilizer Use -0.036™ 0.148™"° 0010 -0 035
Trend 0.016"" -0 0002 0.009" -0 035
Constant 1.903™" 1.610™" 2.458™ 2.933""
Number of observations 105 60 75 60
R-square 099 099 099 099
SSE 54.95 3108 38.6 29 87

“Tropical

Africa

(TA)

0 0450""
o708
0109

-0 001
0003
0.007""*
1128

300
099
155 71

1 The Export Output, Producer price, Weather Proxy and Fertilizer uses are expressed in loganthm
2 Producer price is the ratio of two year moving average of export and current food prices
w wx wxx mply significant at the 10, 5 and 1 percent level, respectively
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APPENDIX D Table D3 Coefficients of Pocled Model for Food Supply Responses in Tropical Africa and Main Agro-
chimatic Regions (Linear),1974-89

Dependent vanable Food Crop Output

" "Eastern and Sudano- Western Central Tropical
Independent Southern Sahel Africa Africa Africa
Varnables Region Region Region Region

(ESA) (SSA) (WA) (CA) (TA)

Producer Price ' 0.079" 0.099 0.031 0 038 0020
Lagged Dependent 0.684™" 0 039 0.399™" 0.650"" 0.547™"
Weather Proxy 38.771" 114.47°" 25.345"" -13.457 28.321™
Disaster Variable -0 072 -0 016 -0 089 -0 202 -0 071
Fertilizer Use 0.441"" -0.687"" -0 441 4.380" 0.129
Trend 0.973" 2.210"" 3.006™"" 2.112™ 2.152™"
Constant 13.500" 84.638°" 44,67 17.46 31.33"
Number of observations 105 60 75 60 300
R-square 098 098 098 0.99 099
SSE 54 53 30.01 36 57 28.78 149.5

Note 1 producer price i1s the aggregate food prices lagged one period (t-1) *, **, *** imply significant at the 10,
5 and 1 percent level, respectively

APPENDIX D Table D4 Coefficients of Pooled Model for Food Supply Response
in Tropical Africa and the Main Agro-chmatic Regions (Log-Linear),1974-89

Dependent variable Focd Crop Output '

Eastern and Sudano- Western Central Tropical
Independent Southern Sahel Africa Africa Africa
Variables Region Region Region Region

(ESA) (SSA) (WA) (CA) (TA
Producer Price ’ 0.060° 0.182" 0012 0.027 0.017
Lagged Dependent 0.764™ -0 020 0.353"" 0.537"" 0.488™"
Weather Proxy 0.309™ 1.228"" 0.264°" -0 079 0.278""
Disaster Vanable -0.309"" -0 002 -0 001 -0.003 -0 001
Fertilizer Use 0.018° -0 041 0008 0 023 -0 008
Trend 0.111™ 0.017"" 0.028™" 0.023"™ 0.019™"
Constant 0.606" 4.161"" 2.691"" 1.753"" 2.10™
Number of cbservations 105 60 75 60 300
R-square 099 0.99 0.99 099 099
SSE 53 95 30.30 372 27.63 131.10

1 The food crop output, Producer price, Weather Proxy and Fertilizer use are expressed in logarithm.

2 producer price Is the aggregate food prices lagged one pertod (t-1) *, ** *** mply significant at the 10, § and
1 percent level, respectively
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