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Abstract

This paper explores the relationship between agricultural productivity and rural–urban migration by developing an econo-
metric model and applying it to the case of Senegal. Country level data is used covering the years 1961–1996. Policy
implications of reducing rural–urban migration using agricultural output elasticities are developed. The findings support the
hypothesis that rural–urban migration is a positive function of the ratio of urban per capita income to rural per capita income.
Moreover, the results support a policy aimed at reducing rural–urban migration flows through increases in per capita earnings
derived from increased agricultural investment.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The entry of sub-Saharan Africa into the modern
economy simultaneously initiated active rural–urban
migration. According toLewis (1954)and Fei and
Ranis (1961), rural–urban migration is a response to
the high demand of labour by an industrial sector,
which assures workers greater levels of productivity,
and investors positive profits superior to the opportuni-
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ties found in the traditional agricultural sector. Accord-
ing to these models rural regions are over-populated
relative to their ability to feed themselves; labour pro-
ductivity is low and approaching zero, which results
in a subsistence level of production and provides in-
centives for migration to the cities.

However, in many African countries, significant
rural–urban migration flows have coincided with lim-
ited industrialisation, high unemployment and poverty
rates in urban areas. Thus, the so-called industrial
sector pull for rural labour has been largely absent
in many SSA countries. Nevertheless, migration has
occurred at fairly high rates. According toTodaro
(1969)and toHarris and Todaro (1970), rural–urban
migration in less developed countries is a function
of the difference between the expected wage from
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migration (urban wage) and the agricultural wage.
That expected wage is equivalent to the actual indus-
trial wage weighted by the migrant’s probability of
obtaining a job in the modern urban sector. Hence,
rural–urban migration can coexist with high levels
of urban unemployment.Johnson (1971)introduced
to the Harris–Todaro model a ‘wage sharing’ vari-
able to take into account urban unemployment and a
lower rate of job turn over than in the Harris–Todaro
model. Gugler and Flanagan (1978), Fields (1979),
andKelly and Williamson (1984)suggested inclusion
in the Harris–Todaro model of information on costs of
living and potential migrants’ education levels when
computing the probability of securing an urban job.
According toCorden and Findlay (1975)it is capital
mobility, workers moving to places where capital is
more productive, that leads to labour migration. The
purpose this research is to test the Todaro hypothe-
sis in the African country of Senegal and to design
a policy aimed at reducing rural–urban migration in
that country.

The typical rural–urban migrant in LDCs is 15–30
years old, is more educated than the average rural
worker, and has contacts or an initial endowment
to finance the transportation and installation costs
(Caldwell, 1969; Byerlee, 1974; Sabot, 1979; Lipton,
1980). Developing countries that face urban unem-
ployment and poverty resulting from high rural–urban
migration rates have employed three types of poli-
cies to solve the problem. First, the shadow pricing
policy (e.g. Kenya and Tanzania) attempts to equate
marginal rates of substitution between labour inputs
in both sectors. Manufacturing labour markets were
subsidised, in effect lowering the urban wage to the
rural wage level (Harris and Todaro, 1970; Sabot,
1979). This policy is equivalent to granting subsidies
to agricultural production by indirectly maintaining
greater rural labour supplies and better equating the
marginal rates of production in both sectors (Bhagwati
and Srinivasan, 1974). But such a policy is costly and
involves heavy administrative costs (Sabot, 1979). As
well, it reflects an odd sort of logic, seeking lower
rather than higher wages. Second, restricting labour
migration into cities had been applied in many LDCs
but with only short run positive results (Sabot, 1979).
It also raises questions of civil liberties. Finally, at-
tempts have been made to implement labour intensive
projects in cities to reduce urban unemployment and

poverty. This has led to even more rural–urban mi-
gration as rural workers interpret them as signals of
higher probabilities of obtaining urban jobs (Todaro,
1994).

ThereforeStiglitz (1969), Todaro (1976), Byerlee
(1974), andSabot (1979)have suggested that the most
consistent policy for decreasing rural–urban migration
should be built upon the improvement of agricultural
per capita earnings. In fact, rural–urban migration and
agricultural performance are tied together because ru-
ral workers compare their income with what they could
obtain if they migrated to the cities. We explore this
relationship using a recursive equation system. The re-
sults will be used to identify those agricultural factors
that have a significant impact on rural–urban migra-
tion.

We next introduce the problem of rural–urban mi-
gration, using Senegal as an example, and then present
a set of equations as a model of rural–urban migra-
tion. Finally, the results of the model will be used
to derive indirect elasticity indicators that could be
used to design a policy aimed at reducing rural–urban
migration.

2. Rural–urban migration in Senegal

Located in the sub-Saharan African zone, Senegal
experiences significant rural–urban migration flows
(Pison et al., 1995). The rural population decreased
from 70% of the total national population in the 1960s
to 57% in 1993 (FAO, 1999). In 1999, Senegal’s pop-
ulation was estimated at 9 million, with 2.5 million
living in the city of Dakar (Programme de Gestion
Urbaine, 1995). Projections show that the urban pop-
ulation in 2030 will reach 11.7 million, increasing
at 3.72% per year, while the rural population will
reach 6.5 million, increasing at a rate of 1.76% a year
(Fig. 1).

On the other hand, in Senegal, the per capita agricul-
tural production index (base year 1989–1991, 3-year
average) has decreased by almost 50%, falling from
176 to 96 (FAO, 2000) between 1961 and 1999. Other
studies confirm the poor performance of the agricul-
tural sector, 1% growth between 1967 and 1991 (Kante
et al., 1994) and 0.7% in the 1980s (Diagne, 1995).
Meanwhile the annual growth rate of the population
is around 2.7%.
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Fig. 1. Projections of Senegal’s total, rural and urban population (1950–2030).

Cities in Senegal have high levels of unemployment,
poverty and a deficit of infrastructure investment. The
unemployment rate in the capital city of Dakar was es-
timated at 24.4% in 1992 (Kante et al., 1994), at 34.6%
among these aged 15–29 and at 44.3% for women
aged 20–24 (Programme de Gestion Urbaine, 1995).
Although many factors are to blame, the high urban
unemployment rate is related to the crisis in the in-
dustrial and the public sectors. The annual growth rate
of real manufacturing value added (MVA) was neg-
ative (−1%) in the 1970s and (−0.8%) in the 1990s
(UNIDO, 1999). During the 1985–1996 period, the
growth rate of employment was negative in important
manufacturing activities such as food products, tex-
tiles, petroleum, chemicals, machinery and fabricated
metal products (UNIDO, 1999). Finally, the structural
adjustment program adopted in 1985 led to a reduc-
tion in the number of public service workers.

Since the public and private modern sectors are no
longer creating jobs for an increasing urban labour
force, unemployed people are trying to make their own
living by working or creating new economic activity in
the ‘non-official urban sector’, also called the ‘fringe’,
‘murky’ or ‘informal’ sector. These activities generally
involve services and deal with car repair, hair cutting,
shoe shining, street peddling, prostitution, etc. This
is enough to attract young workers from rural areas,
driving down agricultural output while doing little to

increase urban productivity or reduce urban poverty.
The thesis on which this paper is based focuses on
a policy of increasing agricultural productivity as an
indirect means of reducing rural–urban migration.

3. The model

Economic theory and empirical research have
shown that the foundation of rural–urban migration
is the excess of the urban wage over the rural wage.
Other migration determinants such as distance, age
and personal contacts only really reflect the fact that
wage and productivity disparities exist. The model
developed below is used to identify what factors drive
agricultural productivity. It is hypothesised that a rise
in agricultural wages as a result of an increase in
productivity will reduce, ceteris paribus, the wage dif-
ferential between urban and rural sectors. This change
in the wage differential can feed into a migration
equation, reducing the rural–urban migration. There-
fore, there is a recursive relationship between the
agricultural production equation and the rural–urban
migration equation, linked by the agricultural output
that is common to both equations. By creating this re-
cursive system of equations, the migration elasticities
can be estimated with respect to changes in agricul-
tural inputs. The computed elasticities can then be
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used to estimate the impact of agricultural inputs on
rural–urban migration.

3.1. Migration models

Macro migration functions using time series data
sets are used to estimate the important determinants
of aggregate migration flows from rural to urban
areas, calculate their relative importance, assess pos-
sible trade-offs and predict migration flows based
on the estimated elasticities (Todaro, 1976). Godfrey
(1973)looked at the problem from a macroeconomic
perspective and specified migration as dependent on
the rural–urban wage differential and on the difficulty
of getting a job in the modern sector.Salehi-Isfahani
(1993)similarly focused on the relationship between
land use intensity and migration in Iran.Krishna
(1984)specified migration as dependent on the wage
differential and on the past year’s migration rate.
Also, when modelling migration behaviour,Levy
and Wadycki (1972), Beals et al. (1967), andSahota
(1968) used the macro approach. The dependent
variable (M) of the macro migration function at any
periodt is the number of migrants moving from rural
areas to cities (Eq. (1)). The independent variables
are wage or income levels defined as agricultural
output (Y) divided by the population level (P), un-
employment rates (U), and the age structure (G) of
migrants. The subscriptsA andU refer to agricultural
and urban areas, respectively. This study employs the
macro-economic approach:3

Mt = f(YAt , YUt , PAt , PUt , Gt) (1)

The algebraic form used is generally logarithmic be-
cause the expected wage hypothesis posits multiplica-
tive interactions between wage rates and employment
that are easily specified logarithmically. Previous em-
pirical research on migration (Schultz, 1977; Fields,
1979) has shown that the logarithmic form explains a
larger share of the variance inM than other forms.

3 An anonymous reviewer raised important criticisms of
macro-economic approaches to the study of migration. While we
have referenced numerous articles using aggregated data to study
migration or agricultural productivity, it is important to note al-
ternative approaches to understanding these complex issues. Ex-
cellent studies which employ a micro-level approach are:Weigel
(1982), Jacob and Delville (1993), andPison et al. (1995).

3.2. Agricultural productivity models

Empirical research has often used the Cobb–
Douglas production function to measure the relation-
ship between inputs and output, marginal products,
and production elasticities (Dillon and Hardaker,
1993). Block (1995), using a time series from 1963
to 1988, measures output per worker using a unique
wheat unit approach.Hayami and Ruttan (1970), us-
ing multi-year averages, employed a Cobb–Douglas
meta-production function to conduct inter-country
comparison of agricultural productivity per capita.
The inputs they used could be classified as capital
and labour. They specified agricultural output (YA) to
be function of traditional conventional capital inputs:
land (A) and livestock (S) and modern conventional
capital inputs, fertilisers (F) and machinery (Mc).
They also included traditional conventional labour
inputs: agricultural labour force (L) and modern
non-conventional labour input, education (E) (Eq. (2)).
An additional non-conventional input is infrastruc-
ture capital (IK) (Schultz, 1964). Public spending on
infrastructure is exogenous to the farmer’s produc-
tion plan, although it is correlated with agricultural
growth in both developed and developing economies
(Howard et al., 1998):

YAt = f(At, Lt, Ft, Mct , St, Et, IK t). (2)

Together,Eqs. (1) and (2)comprise the model.
Expressing (1) and (2) as double logarithmic func-

tions creates a system of two equations (3) linked by
agricultural output in the migration equation. Agricul-
tural output, the dependent variable in (2), is an inde-
pendent variable in (1):


ln YAt = α0 + αA ln At + αL ln Lt + αF ln Ft

+αMc ln Mct + αS ln St + αE ln Et

+αIK ln IK t + ε1

ln Mt = β0 + βYA
ln YAt + βYU ln YUt + βPA

ln PAt

+βPU ln PUt + βU ln Ut + βG ln Gt + ε2

(3)

It is crucial to determine which agricultural inputs have
a negative effect on rural–urban migration. The sensi-
tivity of migration with respect to agricultural invest-
ments can be expressed by indirect agricultural input
elasticities of migration, since migration is expected
to decrease when the ratio of urban to rural wages is
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reduced by agricultural investments. This chain pro-
cess can be expressed as follows:

Mt = f(WRt); WRt = g(YAt , YUt );
YAt , YUt = h(Xit , Xjt ) (4)

where WR is the wage ratio between the two sec-
tors, Xi andXj are agricultural inputs,f, g andh are
functions, and all other variables are as defined above.
These relationships can be derived with the chain rule,
shown inAppendix A, and are interpreted as indirect
elasticities of rural–urban migration with respect to
individual agricultural inputs.

3.3. Definitions/derivation of variables and
sources of data

The study covers the years 1961–1996. Except for
education, agricultural output and inputs have been
expressed per hectare. Land is expressed in hectares
and is defined as the sum of land used for arable and
permanent crops, permanent pasture, forest and wood-
land (Duruflé, 1994; FAO, 1999). Specific variables
used in the model are defined below.

3.3.1. Agricultural output (YAt )
Agricultural output is measured as the total of

crop, livestock, fishery and forestry production in
real terms. The sources of the data are theWorld
Bank (1995)and The Economist Intelligence Units
(1998). The series are published in current local cur-
rency (CFA Francs). They are converted into US$
using the official exchange rate published by theIMF
(1999 and earlier issues), and then expressed in con-
stant US$ (1982–1984) using the US consumer price
index (Statistical Abstracts ofUnited States, 1994,
1997).

3.3.2. Labour (Lt)
Labour represents the economically active popula-

tion (aged 15–64) in agriculture (seeKrishna, 1984;
Block, 1995, for similar approaches to labour). In
many sub-Saharan African countries, the agricul-
tural sector involves traditional means of production,
mainly for subsistence purposes. In that form of agri-
culture, principally the family provides the labour and
the workload is shared. This family farming system,
characterised by work and income sharing (Ghatak

and Ingerscent, 1984), explains why visible unemploy-
ment is absent in traditional agriculture. Therefore, it
is reasonable to utilise the economically active popula-
tion in agriculture as a measure of agricultural labour
resources in Senegal. The source of the data isFAO
(1999).

3.3.3. Fertiliser (Ft)
Fertiliser is measured as the quantity of nitrogen,

potassium and phosphorous utilised. It is expressed
in hundred grams per hectare. Increased use of fer-
tiliser is associated with the adoption of modern
capital and is one of the conditions for increasing
productivity (Schultz, 1964; Hayami and Ruttan,
1985; Scoones et al., 1996; Rusike et al., 1997; Kelly
et al., 1998). Fertiliser use is also a reliable index of
progress in the adoption of yield-increasing technolo-
gies (Arnon, 1987). The source of the data isFAO
(1999).

3.3.4. Machinery (Mct)
Machinery is measured as the number of tractors

in use (FAO, 1999). Machinery, like fertilisers, repre-
sents capital supplied by the modern industrial sector.
But unlike fertilisers, machinery is associated with
large land areas where there is little access to labour
(Schultz, 1964; Hayami and Ruttan, 1985). According
to Binswanger and Pingali (1998), tractors have done
little to increase agricultural output in SSA-countries
because farming systems require varied types of op-
erations according to the variety of crops produced.
Tractors become valuable when larger tracts of land
are involved and cropping becomes more specialised.
Equally important in limiting the use of machinery
is the lack of efficient credit markets (Arnon, 1987).
Instead, tools commonly used in traditional farm-
ing systems are a hoe and a machete that allow the
preparation for planting of at most 0.5 ha per worker
(Arnon, 1987) or 2 ha per family (FAO, 1981). In
high temperature countries such as Senegal, with
a diet of 1500 kcal per day a farmer cannot work,
with such tools, for many hours. Consequently, es-
sential agricultural operations are delayed or are not
well executed. On the other hand, machinery might
have positive complementary effects on the usage
of modern inputs such as fertilisers and irrigation
(Binswanger, 1982) and thereby on agricultural pro-
duction.
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3.3.5. Livestock (St)
Livestock is represented as the number of animal

units available for agricultural production. It repre-
sents a long-run capital input supplied from within the
sector. Livestock contributes in many ways to agri-
cultural production. Besides providing animal power
for traction (Reardon et al., 1996) it supplies meat,
milk, hides and organic fertiliser. In many developing
countries, animals contribute to the farm economy by
providing financial liquidity in the form of savings and
investment. Due to a lack of financial means, farmers
use livestock as savings, selling animals occasionally
to buy agricultural inputs such as seeds, chemical
fertiliser or pesticide (Banque Mondiale, 1992). By
providing financial liquidity and organic manure to
agricultural production, livestock represents a specific
input that differs from all other production factors,
whose effects are observable in the short run.

To avoid double counting, the livestock variable ex-
cludes milk, meat or skin production, which are in-
cluded in agricultural output (YA). In order to estimate
livestock’s contribution to output, followingHayami
and Ruttan (1985), each animal has been assigned
a weight to obtain equivalent animal units: 1.1 for
camels, 1.0 for horses and mules, 0.8 for cattle and
donkeys, 0.1 for sheep, goats and pigs and 0.01 for
poultry. The annual livestock data originate fromFAO
(1999).

3.3.6. Education (Et)
The education measure attempts to capture the

quality of agricultural labour (Griliches, 1970). In a
study of agricultural productivity using a time series
from 1947 to 1997,Schimmelpfennig et al. (2000)
estimated an annual farmer education index. The lit-
eracy rate is used as a proxy for farmer’s education.
UNESCO defines the literacy rate as the proportion
of the population over the age of 15 that can read and
write a short statement about their everyday life. The
data sources areUNESCO (1996), UNDP, Human
Development Index (1998and earlier issues) and
UNECA (1987and earlier issues).

3.3.7. Infrastructure capital stock (IKt)
Infrastructure represents expenditures and invest-

ments in rural utilities, irrigation and drainage, rural
markets, transport facilities, commodity storage, and
processing facilities, research stations and extension

services. Agricultural infrastructure is a modern cap-
ital asset that allows traditional inputs to produce at
their maximum level (Scoones et al., 1996). In many
LDCs, the government provides much of this infras-
tructure. For this reason, an index of the national agri-
cultural budget expenditure (in 1982–1984 constant
US$) is used as a proxy for net annual investment in
agricultural infrastructure. The sources of these data
areMinistère de l’Économie, des Finances et du Plan
du Sénégal (1992)andBa (1994). The last two years
were obtained by a linear extrapolation. From that an-
nual flow data, an infrastructure capital stock is con-
structed using the perpetual inventory method (Brown,
1972; Aboagye and Gunjal, 2000) (Eq. (5)):

IK t = IK t−1(1 − δ) + It, (5)

where IKt and IKt−1 are capital stock at timet and
time t − 1, respectively, andδ is the depreciation rate.

The capital stock in the initial period was obtained
by

IK0 = I0

g + δ
(6)

where IK0 is the infrastructure capital stock at time
t0, I0 is investment flow at time 0 andg, set to 8%, is
the estimated average growth rate of real investment
It . Brown (1972)sets the depreciation rateδ to 7%
for Ghana, whileAboagye and Gunjal (2000), in an
application to the whole sub-Saharan Africa zone, use
10%. We use the higher depreciation rate, 10%. The
infrastructure capital stock variable is lagged once as
it takes one period for newly acquired capital to come
on line. Hence stock from periodt − 1 is available for
use in production at timet (Barro and Lucas, 1994).

3.3.8. Rural–urban migration (Mt)
In most countries, there is no regular collection of

data related to rural–urban migration. We assume that
there is zero immigration into the country and that
the urban population grows at the same rate as the to-
tal population. The data originates fromFAO (1999).4

The rural–urban migration level (Mt) is estimated as
the total urban population change less the portion of ur-
ban population due to the natural population increases
(Eq. (7)):

4 SeeGodfrey (1973), Krishna (1984), andSalehi-Isfahani (1993)
for comparable approaches.
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Fig. 2. Number of migrants and migrants as a percentage of the urban population in Senegal, 1961–1996.

Mt = PUt − (1 + g)PUt−1 (7)

whereg is the natural growth rate of the total popu-
lation. The migration variable and migrants as a per-
centage of the urban population are shown inFig. 2.

3.3.9. Implicit agricultural wage (WAt )
The agricultural wage is approximated by the

average productivity of the family labour force.
According to Ghatak and Ingerscent (1984), tradi-
tional agriculture is characterised by work sharing
with quasi-unemployment and farm income sharing.
Therefore, the implicit agricultural wage is defined as
the ratio of agricultural output to the total agricultural
population (FAO, 1999):

WAt = YAt

PAt

(8)

3.3.10. Implicit urban wage (WUt )
The urban wage is approximated by per capita ur-

ban output, where output is equal to the sum of indus-
trial and service production. This definition is adopted
for several reasons. First, there is no published data on
urban wages or specific industrial wages in Senegal.
Furthermore, since there is no minimum wage policy
in most SSA-countries, including Senegal, there is lit-
tle data about wages at the margin of the economy.
Also not measured are wages in the fringe economy,
where individuals do not interact with government in-
stitutions but instead draw support from each other
in the form of income sharing (Johnson, 1971). The
implicit urban wage, the ratio of urban output to the
urban population, is the best available proxy:

WUt = YUt

PUt

(9)

The sources for the service and industrial output data
are theWorld Bank (1995and earlier issues) andThe
Economist Intelligence Units (1998). Data are pub-
lished in current local currency, and converted into
constant 1982–1984 US$ as outlined above. Popula-
tion data originate fromFAO (1999).

3.3.11. Age structure (Gt)
Age structure is defined as the proportion of indi-

viduals age 15–25 in the total population. It is used
to account for the youth factor in the migration func-
tion. If the proportion of young people in the entire
population were to increase, one would expect, ce-
teris paribus, rural–urban migration to rise. The data
sources areUN Demographic Yearbook (1997and ear-
lier issues) andUNECA (1987and earlier issues).5

Missing values are obtained by fitting a linear trend to
the existing data.

Based on the available data and the unique charac-
teristics of the Senegalese economy, the second equa-
tion of the model (3) has been simplified to yield the
following estimable model:


ln YAt = α0 + αL ln Lt + αF ln Ft + αM ln Mct

+αS ln St + αE ln Et + αIK ln IK t + ε1t

ln Mt = β0 + βWR ln WRt + βAP ln Gt + ε2t ,

(10)

5 Examples of studies using time series population estima-
tions areGodfrey (1973), Krishna (1984), Salehi-Isfahani (1993),
Savvides (1995), Block (1995), andDinar and Keck (1997).
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where

WRt = YUt /PUt

YAt /PAt

and is the wage ratio. (11)

4. Estimated results and interpretation

In the context of a system of equations such as
(10), estimation procedures such as the two-stage
least squares or three-stages least squares and full in-
formation maximum likelihood (FIML) are preferred
to linear regression techniques such as Ordinary Least
Squares (Todaro, 1976; MacIntosh, 1977; Krishna,
1984). However, a recursive system of equations can
be estimated with OLS because simultaneity bias
is not of concern in such models (Kennedy, 1993;
Gujarati, 1995).

Autocorrelation was found in the migration equa-
tion, which is common in lengthy time series. The au-
tocorrelation was corrected using the Cochrane–Orcutt
method followingJudge et al. (1988). This transforma-
tion, creating GLS estimators (Shazam, 1997), severed
the recursive relationship between the two equations
rendering the FIML procedure unnecessary. All the
variables were converted to natural logarithms so the
parameters can be interpreted as elasticities (Table 1).
The total number of observations is equal to 35, as
the number of annual observations, 36 (1961–1996),
is reduced by one reflecting the 1 year that was used
in lagging infrastructure capital stock.

Table 1
Estimated structural elasticities

Agricultural output equation: OLS estimates Migration equation: OLS estimates Migration equation: GLS estimates

Variables Coefficients Variables Coefficients Variables Coefficients

Labour −0.8635 (−0.5739) Wage ratio 1.4281∗∗ (6.0020) Wage ratio 0.6498∗ (1.8330)
Fertilisers 0.1889∗∗ (2.3180) Age structure 5.4528∗∗ (2.1970) Age structure 6.7852∗ (1.8130)
Machinery −0.6659 (−1.5160) Constant −33.699∗ (−1.8310) Constant −42.406 (−1.5230)
Livestock 1.1866∗∗ (4.1580)
Education −0.6461 (−0.5138)
Infrastructure 0.3370∗∗ (3.3890)
Constant 7.6469 (0.4260)

R2 0.5699 0.7541 0.8102
Durbin–Watson statistic 1.8840 1.1256∗∗
Rho-estimate 0.0381 0.4322 0.7028

Figures in parenthesis aret-statistics.
∗ Significant at the 10% level.
∗∗ Significant at the 5% level.

The system of equations meets the rank condition
for identification and is not affected by heteroskedas-
ticity. However, pair-wise correlation is high among
agricultural independent variables. This is a common
situation in studies involving a small sample and
time-series, single country, macro data. Moreover,
estimated coefficients in the presence of high mul-
ticollinearity are unbiased and have correct, though
high standard errors (Achen, 1982).

In the agricultural production equation, the labour
force coefficient is not significantly different from
zero. Therefore, the model indicates that in Sene-
galese agriculture, additional workers do not increase
aggregate output. The marginal agricultural labour
productivity is statistically equal to zero. This finding
is consistent with economic incentives being a key
driver for rural–urban migration.

The effect of machinery on agricultural output was
also not significantly different from zero. This makes
sense, as the role of tractors, for example, in the agri-
cultural economy, at 0.3 tractors for one thousand
hectares, is extremely small. Also, irrigated land rep-
resents less than 2% of the total land (computed from
FAO, 1999), rural education is poor (see below), and
fertiliser utilisation is only about 8 kg/ha.

Surprisingly, the elasticity of education on agricul-
tural output is not significantly different from zero.
This is probably because the literacy rate used in the
model was at the national level and did not capture
rural literacy, which is believed to be lower. Data on
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farmer education, such as the number of school years
attended, would have been a better measure. The pro-
portion of agronomists or workers involved in exten-
sion services influencing farmers and their family to
adopt new technologies could also have been a proxy
for the role of education on production. Moreover,
according to the UNESCO standard, to make the lit-
eracy rate a reliable measure of education, workers
must have completed at least 4 years of schooling and
also have had to maintain their basic skills in reading,
writing and computing. Many times this is difficult in
LDCs, because traditional rural life styles discourage
reading and the availability of reading materials is low.

The estimated results for fertilisers, livestock and in-
frastructure elasticities on agricultural output are pos-
itive, as expected, and statistically significant. A 1%
increase of fertiliser use would increase agricultural
output by 0.19%. This is consistent with what is known
about fertiliser use in LDC countries. Not only is pro-
ductivity enhanced by the nutritive properties of the
input, but fertilisers are readily adopted, requiring lit-
tle capital, and can be applied by an individual worker.
A 1% increase in the amount of resources devoted to
agricultural infrastructure increases agricultural output
by 0.34%, indicating the importance of infrastructure
capital as an building block for the rural economy.

The result for livestock is similar, as a 1% increase
in the stock of animals raises output by 1.19%. How-
ever by no means should the conclusion be drawn that
Senegal can rely on increasing the number of animals
to modernise its agricultural production. In this arid
and semi-arid environment, the number of animals is
limited by the quantity of pasture. Climate also limits
the value of organic manure that livestock contribute
to soil fertility and agricultural output. However, part
of the impact of livestock on agricultural output may
be due to the financial role livestock plays in the econ-
omy. Bearing this in mind, these results point to the
importance of rural banking reforms and increasing
financial liquidity for agricultural output.

The migration equation results are as hypothesised.
The age structure elasticity of rural–urban migration is
positive and significantly different from zero. This is
consistent with both theory and observation that higher
migration rates are found in populations containing
high percentages of young people.

The wage ratio elasticity of rural–urban migration
(from the GLS estimates of migration equation in

Table 1) is equal to 0.65 and is significant at the 10%
level. For each 1% increase in the urban-rural wage
ratio, migration increases 0.65%, thus the response is
inelastic. This finding supports the fundamental hy-
pothesis of this research and is consistent with the lit-
erature; rural–urban migration is a positive function of
the ratio of the urban per capita income to the rural per
capita income. Importantly, it justifies the foundation
of a policy aimed at reducing rural–urban migration
flows by increasing per capita rural earnings through
increased agricultural investment.

4.1. Reducing rural–urban migration

From the estimated results and the above interpre-
tation, fertiliser, infrastructure and livestock/credit re-
form are all inputs that can exert a positive effect on
agricultural output, and hence on the agricultural per
capita income. It was shown earlier that livestock con-
tributes to output by providing organic manure and
financial security. The first function could also be
achieved through additional use of chemical fertilis-
ers while the second could be better realised through
credit reform. In addition, the Senegalese climate is
semi-arid and is subject to frequent droughts, which
limits the success of any policy aimed at decreasing
rural–urban migration through increasing the number
of domestic animals. For these reasons, livestock is
not taken into consideration when computing the im-
pact of agricultural inputs on rural–urban migration.

The policy to reduce rural–urban migration by agri-
cultural investments will thus be based on the improve-
ment of fertiliser and agricultural infrastructure. By
applying the chain rule formulated inEq. (4), the in-
direct elasticity of rural–urban migration with respect
to factorXi, keeping all other factors constant, is (see
Appendix A):

ηM,Xi = ηW,WR × ηYA,Xi . (12)

Using the above equation, the indirect elasticity
of rural–urban migration with respect to fertiliser is
equal to−0.123. This implies that a 10% increase in
the quantity of fertiliser used would result in 1.23%
decrease in rural–urban migration, keeping all other
factors including population constant. The present
level of rural–urban migration in Senegal is about
55,000 migrants per year (the average over the last 5
years), representing 0.90% of the rural population and



42 P.D. Goldsmith et al. / Agricultural Economics 31 (2004) 33–45

1.64% of the urban population. The above reduction
would reduce annual rural–urban migration to 54,300.
Extrapolation of this result in theory would imply
that a substantial increase in agricultural production
through increased fertiliser use could bring down
rural–urban migration in order to reach a target annual
level. For example, to cut migration by 10% from the
present level, fertiliser use would need to increase by
81%. This would imply increasing the current fer-
tiliser use of 8.8 kg/ha (average of the sample period
1961–1996) to 15.9 kg/ha keeping all other factors of
production constant. Applying the fertiliser elasticity
of 0.189 computed in the model, agricultural output
would increase by 15.4%, from its average level of
US$ 747–862 million. This increase would amount
to about 2.4% of Senegal’s US$ 4.8 billion GDP
(1998).

The indirect elasticity of rural–urban migration
with respect to agricultural infrastructure is−0.219.
In other words, a 10% increase in agricultural in-
frastructure capital stock would result in a 2.19%
decrease in rural–urban migration. This is equivalent
to roughly to 1200 migrants. Reducing the annual rate
of rural–urban migration by 10% would require an in-
crease in the level of agricultural infrastructure capital
stock of 45.7%. The sample period average value of
this stock is US$ 176.8 million, and a 45.7% increase
of this input would equal US$ 81 million. Using the
infrastructure elasticity of 0.337, this increase in agri-
cultural infrastructure would raise agricultural output
by 15.4%, from US$ 747 to 862 million, a little more
than 1.8% of Senegal’s 1998 GDP.

Equivalently, to effect a 10% reduction in
rural–urban migration, both inputs would need to be
increased by 29.24% (assuming that their effects are
additive). This would require increasing fertiliser use
to 11.37 kg/ha and infrastructure capital stock to US$
228.5 million. Increasing these two inputs simultane-
ously by 29.24% would result in agricultural output
increasing by 15.4% to US$ 862 million. More gen-
erally, a roughly 15% increase in agricultural output
would be required through productivity improvement
efforts to raise the rural–urban wage ratio sufficiently
to reduce rural–urban migration by 10% from its
present level. AsKelly et al. (1998)point out, though
the relationship between fertiliser and productiv-
ity may be clear, effective access and utilisation by
farmers is complex. Therefore, our results depend

on successful implementation of fertiliser and other
policies.

5. Conclusion

The focus of this paper is the apparent paradox
whereby urban industrial growth is paired with grow-
ing urban poverty in less developed countries. While
the industrial sector continues to grow, the wage dis-
parity between urban and rural regions, reflecting the
relative difference in marginal productivities, exacer-
bates the migration problem causing greater, not lower
urban poverty. Rural out-migration continues despite
high levels of urban unemployment and/or under em-
ployment in the fringe urban economy. Greater urban
compared to rural per capita earnings plus degrading
economic conditions in the rural sector play key roles
in motivating rural out migration. At the same time,
urban inhabitants expect to buy affordable import ce-
reals and influence policy measures in favour of ur-
ban labour investments such as urban labour intensive
projects and micro-credit measures for the fringe ur-
ban sector. These polices only worsen the situation by
providing even greater incentives for migration. The
urban economy cannot keep up and the situation spi-
rals downward.

To become effective, policy designed to address
urban poverty problems needs to involve rural policy
issues in order to reduce rural–urban migration. A
policy of narrowing the income differential between
the rural and the urban sectors through agricultural in-
vestment can accomplish this. Our estimates suggest
that agricultural investment targeted in key areas can
reduce migration. This policy of targeted agricultural
investment is preferred not only because it reduces
the differences in marginal productivities, but also be-
cause it does not distort the urban economy. However,
it should be noted that this response depends on the
successful transmission of effects from investment,
via production, to the wage differential.

Appendix A. Derivation of indirect elasticity
(ηM ,X) of migration (M) with respect to input X

Given thatMt = f(WRt), WRt = g(YAt ), and
YAt = h(Xit ) it follows that
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ηMt,Xit
=
{

∂Mt

∂WRt

∂WRt

∂YAt

∂YAt

∂Xit

}
Xit

Mt

=
{(

∂Mt

∂WRt

WRt

Mt

)
Mt

WRt

(
∂WRt

∂YAt

YAt

WRt

)

× WRt

YAt

(
∂YAt

∂Xit

Xit

YAt

)
YAt

Xit

}
Xit

Mt

=
{(

ηMt,WR
Mt

WRt

)(
ηWRt ,YAt

WRt

YAt

)

×
(

ηYAt ,Xit

YAt

Xit

)}
Xit

Mt

= (ηMt,WRt ηWRt ,YAt
ηYAt ,Xit

)

×
(

Mt

WRt

WRt

YAt

YAt

Xit

Xit

Mt

)
.

Since all terms in the second parentheses cancel each
other and the value ofηWRt ,YAt

is equal to−1 as shown
below:

ηMt,Xit
= ηMt,WRt ηYAt , Xit

To see this, not that,

WR = YUt /PUt

YAt /PAt

by assumption and

ηWRt , YAt = ∂WRt

∂YAt

YAt

WRt

= −
(

PAt

PUt

YUt

Y2
At

)
YAt
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= −1.
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