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Abstract

In this paper we analyse the role of risk on individuals’ migration
decisions in a modified Harris-Todaro model. The individuals are het-
erogeneous with respect to their preferences towards risk and regional
uncertainties exist in both the manufacturing and agricultural sectors lo-
cated in urban and rural areas respectively. The existence of rural risk has
been recognised but has not been explicitly modelled in the Harris-Todaro
framework. While the urban risk is a possibility of being unemployed, we
assume that the rural risk is caused by random states of nature. The cru-
cial point is that the rural risk affects agricultural production and therefore
affects agricultural wage. Each individual compares his expected payoffs
across sectors thus the migration decision is perfectly rational. The in-
dividuals’ degrees of risk aversion and distribution of individuals’ types
within the population determine the migration equilibrium. Our analysis
gives two interesting results which policy makers should consider in policy
designing process. First, both risk averse and risk loving individuals may
choose to stay in the same sector. The policy makers should take this
possibility into account so that they can design a suitable policy or a set
of policies that matches workers’ needs and characteristics in each sector.
This leads to our second finding: in a case where the risk averse individ-
uals are in the urban areas, a policy of rural development that seems, at
first sight, to be a desirable tool for reducing the level of urban unemploy-
ment may result in migration in both directions (into and out of the urban
areas) creating high social and economic costs. Nevertheless our results
are achieved under the assumption that we are able to rank individuals
with respect to their preferences towards risk although location decisions
may not be monotonic with respect to the degrees of risk aversion.
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suggestions and comments during the writing of the thesis. Also I would like to thank Prof.
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1 Introduction

In most developing countries, we often observe two related phenomena. First is
the existence of wage differential between high-income (modern or manufactur-
ing) sector located in urban areas and low-income (traditional or agricultural)
sector located in rural areas. Second is the continuation of rural-urban migration
despite the existence of urban unemployment.

The first leading theory of migration in a dual economy is the Lewis rural-
urban migration model, Lewis (1954). The model describes the long-run migra-
tion process and the crucial assumption is an unlimited supply of labour which
is available at subsistence agricultural wage. The Lewis model explains how
an underdeveloped economy transforms its economic structures from a heavy
emphasis on subsistence agriculture to a more modern (urbanised) economy.
Nevertheless the model cannot explain the stated two phenomena.

The pioneering work of Harris and Todaro, Harris and Todaro (1970), cap-
tures such curious phenomena in a simple two-sector model. In the Harris-
Todaro (H-T) model, the migration process is a response to urban-rural expected
wage differences with the urban unemployment rate acting as an equilibrating
force on such migration (Harris and Todaro, 1970). In equilibrium, the expected
wages are equal across the two sectors. Over decades, the H-T model has been
extended in several ways [see, for example, Ghatak, Levine and Wheatley Price
(1996) and references cited therein]. Since the rural-urban migration decision
involves risk of being unemployed in the urban areas, an interesting extension
is to examine behaviour of individuals who are different with respect to their
attitudes towards risk. Important works on migration that consider risk averse
behaviour within families where a member of agricultural family migrates in
order to diversify risk in family’s total income are Stark (1980, 1984). Another
cause of rural-urban migration of a risk averse agent is imperfection of money
(capital) market in the rural areas, Katz and Stark (1986). These works imply
that there exists also risk in the rural areas which involves uncertain rural in-
come. Stark and Levhari (1982) suggest another cause of uncertain rural income
which is risk in agricultural production itself.

Our concerns involve risks in both sectors and heterogeneous individuals with
respect to their characteristics, such as their attitudes towards risk, thus it is
natural to consider a migration model where there exists regional uncertainties
across sectors. As far as I am concerned, the introduction of rural uncertainty
has not been explicitly modelled in a H-T framework. What would happen to
the migration pattern when the regional uncertainties are introduced? Under
what circumstances will a risk averse migrate? Do the results lead to the same
policy implication as proposed in existing H-T literature?

This paper addresses these questions. We assume that the rural uncertainty
is caused by random states of nature which affect the level of total agricultural
output and thus rural income. As mentioned earlier, the assumption has been
suggested in Stark and Levhari (1982). Moreover a recent study on agricultural
sector in Thailand, in which agricultural technology is primary and depends on
weather condition, implies the rural uncertainty in agricultural output which can



be mitigated by a crop diversification (a form of insurance against unpleasant
states of nature), Coxhead and Plangpraphan (1998).

The paper is constructed as follows. In Section 2, we modify the H-T model
to incorporate uncertainty in agricultural production assuming that the mi-
gration decision-maker is the individual. We formulate the model in terms of
certainty equivalent which is derived via application of the expected utility the-
ory. The advantage of doing so is that we can express the migration model in
monetary unit which can be directly compared with the H-T model. Thus the
motive of rural-urban migration is to maximise certainty equivalent. An indi-
vidual’s certainty equivalent in the urban areas is a product of the minimum
wage and a transformed employment probability which depends on his degree
of risk aversion. In the absence of rural uncertainty, his certainty equivalent in
the rural areas is his real wage as in the H-T model.

In Section 3, we show that the migration equilibrium always exists and the
migration pattern can be established. Given the values of uncertain parameters
and endogenous variables of the model, the equilibrium depends on distribution
of individuals’ types across the whole population.

In Section 4, we use numerical examples to show some interesting results
where (i) both risk loving and risk averse individuals migrate to the urban ar-
eas and (i7) a policy of rural development leads to migration in both directions.
Thus our model offers another explanation of rural-urban migration by a risk
averse agent. However the cause of rural uncertainty is not necessarily the ran-
dom states of nature, it could be the imperfection of money market as suggested
in Katz and Stark (1986). Moreover the possibility of a policy leading to migra-
tion in both directions is rather striking. The policy that seems to be desirable
at first sight may not be so and some adjustments may be needed in order to
prevent such possibility from occurrence. Nevertheless whether such possibility
can actually occur in LDCs depend on further empirical research on variables
and parameters associated with both the agricultural and manufacturing sec-
tors. Finally we conclude our analysis in Section 5.

2 The Migration Model

The migration model is a modified H-T model where we introduce rural risk.
The H-T model is presented in more details in Appendix A. Assume that the
economy consists of two sectors: the agricultural sector locors: the agricultural
sector locufacturing sector located in urban areas. The economy is a small open
economy. Therefore prices of agricultural and manufacturing outputs are given
by the world prices and can be normalised such that the agriculture and manu-
facture terms of trade is equal to 1. The labour market in each sector is perfectly
competitive. Labour is homogeneous in terms of ability but is heterogeneous
in terms of preference towards risk. The minimum wage (@) is imposed in the
manufacturing sector at the level above the market-clearing wage. The labour
constraint, the manufacturing production function (Y;,) and the level of urban
employment (n,,) are defined as in Appendix A equations (15), (18), and (20)



respectively:

Nyrb + Mg = 1
Ym - fnL (nm) = Fm (nma}?m)
Nm = frln_l (’LT})

where ny, and K,, are defined in Appendix A. Note that n,, is lower than
the level of labour demand in the manufacturing sector at the market-clearing
wage.

There exists wage differential, between the agricultural and manufactur-
ing sectors, which induces migration. In most migration model, an individual
chooses to work in the sector that gives him the highest wage (which is the
manufacturing wage in our context). However this will not be the case in the
migration model with labour distortion such as the H-T model in which the
number of urban jobs is fixed given the level of the minimum wage. In each
period, once all the urban jobs are randomly filled, all the excess workers in
the urban areas become unemployed and earn zero income. Thus the risk of
migrating to the urban areas is the chance of being unemployed. However if all
the unemployed are absorbed in to the agricultural sector, the rural wage will
be too low and there will always be incentive to migrate to the urban areas.
Therefore individuals migrate to maximise their expected wages. If a migrant
is unemployed, he may stay open-unemployed in the urban areas and wait for
an available job in the next period or he may migrate back to the rural areas
and accept low-wage agricultural job.

The expected urban wage is the product of the employment probability (p)
and the minimum wage. The H-T model assumes that there is no risk in terms
of employment probability in the agricultural sector, the expected rural wage is
equal to the rural real wage (w,), Appendix A equation (17). The H-T migration
equilibrium is reached when the expected wages in both sectors are equal: from
Appendix A equation (21)

i

Wq = PW, P =
1—n,

where n, is the equilibrium number of rural labour force. In equilibrium, p is
the same for each urban worker. Thus we can say that the urban uncertainty is
described by a certain fixed income and an endogenous probability determined
by the model.

In addition, we assume that there exists agricultural uncertainty in terms of
production. This is due to the fact that the level of agricultural output depends
also on random states of nature such as weather. Under a good condition, the
level of output is higher than the quantity produced under a bad condition given
the same labour input. The probability of having a good condition is given by
a fixed probability = which is known to individuals. Hence the expected rural
wage depends on 7 and n,. The agricultural production function is no longer
represented by the equation (16) in Appendix A.
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Figure 1: A stochastic production function in the agricultural sector.

Suppose that the agricultural production is represented by a stochastic-
production function which is known to the individuals. That is the agricultural
output is random and is determined by

Kl@ :fae(na) = Fa@(n(“f/a}?)af(;ﬂ >07f(/z/9 <0 (1)

where Y9 is total agricultural output that can be produced given n, and 6

which represents the randomly occurring events, 6 € {l,h}, and f/, = irj" ,
ino_ dfle
ab T dng *

Assume also that when 6 = h which occurs with probability m, ex post
or realised output is higher than when 6 = [ which occurs with probability
(1 —m), see Figure 1. Hence all the resolution of uncertainty does is to increase
or decrease the productivity of a given bundle of nonstochastic inputs, L, K and
ng given that the technology is unchanged.

Since firms are perfectly competitive and the minimum wage is imposed only
in the urban areas, there is always full employment in the rural areas. The ex
post rural wage is the ex post agricultural real wage which is defined as

_ Wql = f(;l (na) if 0 = l7
fe { Wan = f1, (na) it 0 =h (2)

where wy; < wgp for all values of n,. Thus the rural uncertainty is described
by a fixed probability and endogenous outcomes determined by the model. The
expected rural wage is Twap + (1 — 7) We.



If the individuals are risk neutral and are expected wage maximisers as as-
sumed in the H-T model, the migration equilibrium will be reached when the
expected wages in both sectors are equal. Nevertheless we assume that individ-
uals are different with respect to their attitudes towards risk. Thus the value of
a gamble (which is a migration decision in our context) to an individual is not,
in general, equal to its expected monetary value, as stated by Bernoulli (1738):
“rather, individuals place subjective value, or utilities, on monetary outcomes
and the value of a gamble is the expectation of these utilities”. Therefore in
stead of assuming that individuals are expected wage maximisers, we assign a
utility function on wages and assume that the individuals are expected utility
maximisers.

In Section 2.1, we discuss the individual’s utility function and show that
the migration equilibrium is defined by a marginal individual whose expected
utilities in both sectors are equal. This is done via the use of the expected
utility theory which we summarise in Appendix B. Then we discuss, in Section
2.2, what we mean by an individual is more risk averse than another individual.
In Section 2.3, we derive an alternative expression of the migration equilibrium
in terms of certainty equivalent.

2.1 Utility Function

Since individuals are heterogeneous with respect to preferences towards risk, let
N denote the total number of individuals which can be normalised to 1. Assume
further that the individual i’s utility function, ¢ = 1,...; N, is defined as
1=
L=
where «; is the individual ¢’s coeflicient of relative risk aversion and z is the

monetary outcome. Assume that v’ () is monotonically increasing and twice
differentiable, its first and second derivatives with respect to = are

v (2)

(3)

v (x) =277 and v (z) = —yx

Thus
i

rf;\f; and r = 7,
where 74 and rr are the Arrow-Pratt coefficients of absolute and relative risk
aversion at x, see Definition 6 in Appendix B. If v, = 0, the individual ¢ is risk
neutral. If v, > 0, he is risk averse whereas if v, < 0, he is risk loving.

The utility function defined in (3) exhibits both decreasing absolute risk
aversion (DARA), i.e. &4 < 0, and constant relative risk aversion (CRRA),
ie. %’s = 0. An individual, whose v (-) exhibits DARA, is willing to take risk as
he becomes wealthier. While an individual, whose v (+) exhibits CRRA, displays
the same degree of risk aversion with respect to gambles that are proportional to
his wealth as his wealth increases and is a stronger assumption than the latter.

Is the utility function exhibiting DARA and CRRA a reasonable functional
form for our migration model? In my opinion, it seems so. The wealthier is more



willing to take risk of being unemployed in the urban areas since he can afford
to and that he is more likely to stay there to search for a job in the next period.
On the other hand, the poorer individual does not have such financial support
and therefore cannot afford to be unemployed. This behaviour is also supported
by Xu (1992) which studies migration in China. Moreover the functional form
is tractable.

Given that v? (+) is defined as in (3) . Applying the expected utility theorem,
from Appendix B equations (28) and (29), the individual i’s expected utility is

* \1—v; * yl—7; .
(1— ) Lea) 7 7o) in rural areas
1—7, 1—; ’ 4)

in urban areas

where w}, = fl,(n*),0 = [,h, and n* denotes the equilibrium level of rural
labour force which is defined when

(w*l)l—'y* (w*h)l—’v* . o
1 — a a =
(1-m i e ®)

1—* 1—*
where v* is the coefficient of relative risk aversion of the individual at the margin
who is indifferent between staying in either regions.

The crucial assumption that allows us to establish migration pattern is that
we can rank the individuals with respect to their preferences towards risk. There
are several approaches that allow us to compare risk aversion across individuals
using Definitions 4-6. An obvious way is to compare the degree of concavity of
the individuals’ utility functions. The individual h is more risk averse than the
individual j if v" () is more concave than v’ (). This is equivalent to saying
that the individual h’s coefficient of absolute risk aversion is no less than the
individual j’s coefficient of absolute risk aversion for every x:

*

rt (z) > 1) (z) for every . (6)

Given the utility function defined in (3), the condition (6) is equivalent to
vy, > 7  for every z. (7)

However we use the concept of certainty equivalent to compare risk aversion
across individuals. The certainty equivalent is the amount of money for which
the individual is indifferent between the gamble G (-), which is a cumulative
distribution function of the lottery over the set of all possible outcomes, and
the certain amount of money (e) defined in Appendix B Definition 5. Therefore
the expected utility in the urban areas written in terms of certainty equivalent
can be linked directly to the H-T expected urban wage. This is shown in the
following subsection.

2.2 Comparisons Across Individuals Using Certainty Equiv-
alent

Given two utility functions v” (-) and v7 (-) , the condition for the statement “the
individual h is more risk averse than the individual j” to hold can be expressed
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Figure 2: Utility functions of two risk averse individuals h and j denoted by
v" (z) and v’ (z) respectively: the individual h is more risk averse than the
individual j.

in terms of certainty equivalent: that is
el < e for any G (-). (8)

The condition can be shown using the graphical illustration. Figure 2 shows
the case where the individual h is more risk averse than the individual j. Thus
v (+) is more concave than v/ (-).

Given a lottery G that offers either x; or zo with probabilities p; and po
respectively where p; + po = 1. The expected value of the possible outcomes is
[ zdG (z) . By Appendix B Definition 5, it is clear from Figure 2 that the more
risk averse individual requires a smaller amount of money which yields the same
utility as the expected value of the lottery, [ @dG (z): that is el < e7, equation

(8).

Given the definition of the certainty equivalent, Appendix B equation (32),
and the expression of the individual #’s expected utility, equation (4), the indi-
vidual 2’s certainty equivalent is

oi { e, in rural areas, (9)

el, in urban areas



where

A ? * \1—V; * V1=,
(ea) — (1 _ 7T) (wal) 4 7_(_(wah)
1- Yi 1- Vi 1- Yi
1
e = |[0=m ) () ] T

and

i o Nm e
em = (7= .

Notice that e?, is the product of the minimum wage and the transformed em-
1—n* :

Since we can rank individuals with respect to their degrees of risk aversion,
foralli=1,...,N,

ployment probability,

Y1 ZV2 2 2N

we can also rank them with respect to their certainty equivalent:
et <el<..<elN k=a,m.

In both sectors, the certainty equivalent of the relatively more risk averse indi-
vidual lies below that of the relatively less risk averse individual.

The individuals are expected utility maximisers, thus each individual mi-
grates to maximise his certainty equivalent. Note that the certainty equivalent
has monetary unit, so that the migration problem is similar to the H-T model
where each individual migrates to maximise his expected wage. When ~; = 0,
the individual ¢ is risk neutral and e}'C is the sector k’s expected wage, k = a, m.
In addition to 7; = 0, if there is no rural uncertainty that is either 7 or (1 — )
becomes 0, we have the H-T migration model.

Given (9), the migration equilibrium, equation (5), can be written as

(-m ) ) )T = (225) e o)
where v* is the coeflicient of relative risk aversion of the individual at the margin
who is indifferent between staying in the rural areas or migrating to the urban
areas.

The comparisons of risk aversion across individuals can be carried out in a
similar fashion using the concepts of the certainty equivalent and the one related
to the probability premium, in some non-expected utility theories in which the
independence axiom of the expected utility theory does not hold, see Becker
(2001).



3 Migration Decision

From (10), we know that, in equilibrium, the individual whose v = v* is indif-
ferent between staying in either regions. However, there are more than one type
of individuals and it is unclear whether those who have different degrees of risk
aversion prefer to stay in the urban or rural areas. Fortunately, we can use geo-
metric exposition similar to the one representing the H-T model, see Appendix
A Figure 6, to illustrate the migration equilibrium and labour allocation. By
equilibrium labour allocation, we mean proportions and types of labour across
sectors in equilibrium. We find that the distribution of individuals’ types across
the whole population plays an important role in determining the equilibrium.

To work out the equilibrium labour allocation, we start by considering what
the equilibrium level of labour in each sector would have been if the economy
consisted of one type of individuals. This will allow us to compare individuals’
preferences towards different areas. Given proportions of each type, we will be
able to find the equilibrium level of rural labour force, denoted by n*, and the
individuals’ types in each sector.

We start with the simplest case where the population is divided into two
types: risk neutral and risk averse.

3.1 Two-type individuals

Consider the economy consisting of two types of individuals: the risk averse
(type 1) whose 7 is v, > 0 and the risk neutral (type 2) whose v is v, = 0. Also
let A\; denote the proportion of type 7,7 = 1,2, and A\; + Ao = 1.

Let n; be the equilibrium level of rural labour force when the economy con-
sists of type i only,7 = 1,2. From (9) and (10), n; is defined when

. =
[7T (wéh)lf%' + (1 . 7_(_) (wz‘ll)lf’hjl 1—7; _ <1nm > i o (11)
—n;
where wi, = f!, (n;),0 =1,h.

The certainty equivalence approach allows us to draw the graphical exposi-
tion of the migration equilibrium, Figure 3, similar to that of the H-T model.
The agricultural sector is drawn with origin 0, while the manufacturing sector
is drawn with origin 0,,. The length 0,0,, is equal to the total labour force,
N, normalised to 1. In each sector, the certainty equivalent of the more risk
averse individual lies below that of the less risk averse individual. The R;R;
and M H H; respectively represent ¢!, and e!,, defined in equation (9).

Since type 2 are risk neutral, M H H, coincides with the expected urban
wage curve in the H-T model. However the H H; part of the M H Hy curve is
not the rectangular hyperbola but is a transformed expected urban wage. The
position of n; is determined where the R; R; and M H H; curves intersect which
occurs at Z;.

From Figure 3, ny is on the left of n;. Starting from the rural areas, the
origin 0,, over the range n, € [0, ng] both types prefer the rural areas. This is

10
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Figure 3: Geometric exposition of migration equilibrium in the two-type indi-
vidual model, expressed in terms of certainty equivalent.
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because, over such range, certainty equivalent of each type in the rural areas
is higher than their corresponding certainty equivalent in the urban areas. For
ng € (n2,m1], only type 1 prefer the rural areas while type 2 strictly prefer
the urban areas. For n, € (n1,1], both types prefer the urban areas. Suppose
that everyone is in the rural areas at the beginning of the period. Since there
are too many people there and the rural wage is too low, type 2 will be the
first group of people who migrate to the urban areas. Within the same sector,
the certainty equivalent of both types never cross. Therefore members of each
type tend to stick together and prefer the same areas unless they are indifferent
between staying in either the rural or urban areas.

Figure 3 shows the case where the order of n; is no < ny. That is we tend
to find type 1 in the rural areas and type 2 in the urban areas: type 2 relatively
prefer the urban areas. In equilibrium n* will depend on the proportions of
both types. To work out the equilibrium labour allocation, we compare the
proportion of type i, A;, with the position of n; starting from 0,. We illustrate
all the possible equilibrium allocations as follows:

Consider the case where A1 < no, all type 1 will strictly prefer the rural
areas. Thus n* is equal to no and type 2 will be indifferent between staying in
either regions. If the strict inequality holds, we also find a proportion of type 2
equal to (ng — A1) in the rural areas.

If no < A1 < ny, all type 1 will strictly prefer the rural areas while all type
2 will strictly prefer the urban areas. In equilibrium, n* is exactly equal to A;.

If n; < A1, n* will be equal to ny: type 2 strictly prefer the urban areas while
type 1 are indifferent between staying in either regions. If the strict inequality
holds, a portion of type 1 equal to (A; —nq) will be in the urban areas.

From Figure 3, suppose that Ay = Ao = %, n* is equal to my. Since ny is
slightly less than A1, all the risk neutral and a few risk averse individuals will
be in the urban areas while the rest of the risk averse will be in the rural areas.

On the other hand, if the graph shows the case where n; < ns, the migration
decisions of both types will be in the opposite directions of what has just been
described above. In equilibrium, we are more likely to find type 1 in the urban
areas and type 2 in the rural areas. The risk associated with the manufacturing
sector is relatively lower than the rural risk. We can also increase the number
of types as long as it is finite. The migration decision follows the same logic.

3.2 Three-type individuals

Let the economy consist of three types of individuals. In addition to the previous
two-type case, we add the risk loving (type 3) whose v is v5 < 0. Also A;
represents the proportion of the type i individuals, ¢ = 1, 2,3, where A1 + Ag +
A3 =1

The certainty equivalent of each type in each sector can be drawn in the same
space as done in the previous case. Given Figure 3, we add e3 and €2, denoted
by RsR3 and M H H3 respectively. Note that the certainty equivalent of the less
risk averse individual is greater than that of the more risk averse individual.
The position of n; is determined where R;R; intersects M H H;, equation (11).

12
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Figure 4: Geometric exposition of migration equilibrium in the three-type indi-
vidual model, expressed in terms of certainty equivalent.

Figure 4 represents a migration equilibrium in the three-type individual model
where ng < ng < ny.

Following the same logic as in the simple two-type case, since ng < ny < ny,
we can predict that type 3 will be the first group of people who are willing to
migrate to the urban areas followed by type 2. Therefore type 3 are more likely
to stay in the urban areas while type 1 are likely to remain in the rural areas.
As for type 2, their locations will depend on the position of n* which depends
on \;,v=1,2,3.

We start with the case where A1 + A2 < ng3. Both types 1 and 2 will strictly
prefer the rural areas and n* will be equal to ng. Thus type 3 will be indifferent
between staying in either regions. If the strict inequality holds, a portion of
type 3 equal to (ng — (A1 + A2)) will also be in the rural areas.

If ng < A1+ A2 < ng, n* will be exactly equal to A; + A2. Both types 1 and 2
strictly prefer the rural areas while type 3 strictly prefer the urban areas. Note
that if no = Ay + A, n™ is equal to no and the type 2 are indifferent between
staying in either regions.

If ng < A1 + A2 < np and A\ < ngy, n* will be equal to ne. Some of type 2
(= (M + A2) — ng2) and all of type 3 will be in the urban areas while all type 1
and the rest of type 2 will be in the rural areas.

If ng < A1 < ng, n* will be equal to A;. Only type 1 will be in the rural
areas.

Finally if ny < A1, n* will be equal to n;. Only type 1 will be in the rural

13



areas. There will also be (A; — nq) of type 1 in the urban areas.

Suppose that \; = %,i = 1,2, 3, as indicated in Figure 4, n* is equal to ns.
In equilibrium, all type 1 and a portion of type 2 equal to (ng — A1) will be in
the rural areas, the rest of type 2 and all type 3 will be in the urban areas.

From the geometric exposition, n1,ns and ns can be of any order depending
on the values of variables and parameters such as those determining the produc-
tion functions in both sectors, w, 7 and v;,7 = 1,2, 3. The migration equilibrium
always exists. Without considering the proportions of individuals’ types ()\;),
the positions of n; tell us type i’s preference towards different locations. If
ny < nj, h # j, type h will be more willing to migrate to the urban areas than
type j. However the migration may take place only when the potential migrant
expects that his certainty equivalent in the urban areas is at least as high as his
certainty equivalent in the rural areas.

Nonetheless the positions of n; might not be monotonic leading to an equi-
librium where both the risk averse and the risk loving are in one sector while
the risk neutral are in another sector.

4 Some Remarks on Migration Decision

In this section, we focus on two possibilities that seem to be unusual for the
migration model like the H-T model. First is the possibility of both the risk
averse and risk loving individuals migrating to the urban areas. It is unusual
that both types whose preferences towards risk are very different will choose
the same choice. This may be because migration decision made by one type of
individuals affect the other types via changes in the level of rural wage and urban
employment probability (both depend on the level of total rural labour force).
In other words, there are two forces driving our model: the average income and
the regional risk. Any change in these two forces affect the values of certainty
equivalent across sectors. Note also that the curvature and slope of certainty
equivalent depend on the variables and parameters of the model. Since each
individual makes migration decision by comparing his own certainty equivalent
across sectors, it is possible that, in equilibrium, the order of n; implies that we
may find both the risk loving and risk averse in the urban areas.

Second, it is possible that a policy, aimed to use as a migration control, may
lead to flows of migrants in both directions (out of and into the rural areas).
This may create significant social and economic costs although the level of urban
labour force may be lower.

4.1 A possibility that the risk averse and the risk loving
migrate to the urban areas

Consider the following case where ny < ng < ng, drawn in Figure 5: type 1 will
be the first who migrate to the urban areas followed by type 3. Given JA;, it is
possible that, in equilibrium, there is a mixture of types 1 and 3 in the urban
areas. Suppose that \; = %,i =1,2,3: n* will be equal to nz. All type 2 and

14
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Figure 5: Geometric exposition of migration equilibrium in the three-type indi-
vidual model, expressed in terms of certainty equivalent, where n; < ng < ns.

a portion of type 3 equal to (ng — A2) will be in the rural areas and the rest of
type 3 and all type 1 will be in the urban areas.

Can a situation like the one described by Figure 5 occur in the LDCs?
Theoretically, it is possible. We offer two explanations for this. First, a cause
of migration is a lack of opportunity to earn income in the rural areas, Todaro
and Smith (2003). Suppose that such lack of opportunity is a result of a poor
infrastructure which cannot mitigate problems caused by having a bad condition
for agricultural production. Therefore there exists a high risk in living in the
rural areas in terms of earned income. On the other hand, as the manufacturing
sector grows, there are a lot of job opportunities in the urban areas. If the
unemployment rate is not too high, a risk averse individual might consider the
manufacture as a relatively low risk sector and migrate to the urban areas.

However the unemployment rate in the urban areas in many major LDCs’
cities is quite high, Todaro and Smith (2003). In addition, LDCs governments’
policies have helped towards agricultural production, see Coxhead and Plang-
praphan (1998) for evidence in Thailand. Thus we offer another explanation
which involves the existence of the informal sector. If we allow the unemployed
to earn income by working in the informal sector, this will lower the risk in the
urban areas. Thus a risk averse individual may migrate to the urban areas if he
views that risk in terms of earned income is relatively higher in the rural areas.
Moreover there is evidence that some potential migrants migrate to the urban
areas for the purpose of working in the informal sector (see TDRI, 1992). We
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consider the effect of the existence of informal sector on migration equilibrium
analytically and numerically. The latter is presented in Example 1.

Suppose that an unemployed earns income in the informal sector which is
assumed to be equal to a fraction of the minimum wage: that is the informal
sector income is cw where 0 < ¢ < 1. The expected utility of an individual i in
the urban areas, equation (4), and his certainty equivalent in the urban areas

become .
Vnz] _ m w! +(1- Nm (CU_)) i
1—n*)1—7, 1—n* 11—,

1
- K—l ﬁ”n) @' <1 - 171’"ﬁ*> (cu_))l_%} . (12)

i
m

and

If the economy consists of type i only, n; is defined when e = e

1 e ]

where w', = f/, (n;),0 =1,h.

Compare expressions of e/, in (12) and (9), the possibility of earning income
in the informal sector shifts e/, upwards. However magnitude of the shift in
the HH; curve will not be the same for all 4, it will depend on the value of
v,;. Starting with ¢ = 0, suppose that the migration model is the one drawn
in Figure 4. Allowing ¢ > 0, it is possible that, in the new equilibrium, the
economy is the one represented by Figure 5: that is both type 1 and type 3 may
be found in the urban areas. We give a numerical example of such possibility in
Example 1. The values of the data used in our examples are taken from Krichel
and Levine (1999) where they consider an extended H-T model with flexible
urban wage.!

Assume that the production functions in both sectors take the form of Cobb-
Douglas production function:

Y,, = BnP’ ,B>0,3<1
Y, = An),A>0,a<1

where 8 and « are the shares of labour in manufacturing and agricultural pro-
ductions respectively. Note also that the agriculture and manufacture terms of

!Krichel and Levine (1999) find that in the absence of other instruments, such as employ-
ment subsidies, laissez-faire migration is excessive unless the urban real wage is sufficiently
responsive to unemployment. Moreover they show that the laissez-faire migration is too low
compared with the first-best outcome supported by a pair of employment subsidies, if financ-
ing the subsidies involves no costs. Nevertheless, by simulations based on data of India, such
programme requires too high level of income tax increase which generates economic costs
including collection costs and global supply-side effects. Therefore the optimal subsidy and
taxation policy falls far short of the first-best outcome.
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trade is equal to 1. Assume further that
Yu = ¢Ya
Yo = Yav Qb <1

where ¢ is the fraction of total agricultural products that can be produced under
a bad condition. Therefore the urban and rural productivities are

w,, = BBn’!
w, = aAn®!
and
Wql = ¢wa
Wah = Wgq-

The data, taken from Krichel and Levine (1999), that are relevant to our

numerical examples are given in Table 1, where u is the unemployment rate,
— 1l=ng—nm

U=

—MNa

Table 1: Data on Variables and Parameters of the Model

Variable | Value Source

W /we | 1.3-1.4 Government of India (1991)
u 0.11-0.12 | Government of India (1991)
[E] 0.6-0.8 Ahluwalia (1985)

« 0.5 Shukla and Stark (1990)
Nm/Ne | 0.33 Government of India (1991)

note also that these values are derived in equilibrium. The assumption of flexible
urban wage in Krichel and Levine (1999) does not affect the labour market
mechanism of the H-T model. The only important assumption is that the urban
wage is higher than the market clearing wage which may be because of efficiency
wage (Stiglitz, 1976) or the imposition of the minimum wage which is the most
convenient tool. Therefore for convenience and consistency to our model, we set
the urban wage in Table 1 to be equal to the minimum wage.

Example 1 Suppose that there are three types of individuals: the risk loving
(type 3), the risk neutral (type 2), and the risk averse (type 1). Since the values
of data in Table 1 are derived in equilibrium, we assume that the ratios hold if
the economy consists of only type i individuals. Assuming that w = w,,, we set

w = 1.4w, and n,, = 0.33n;

where n; is the equilibrium level of rural labour force if the economy consists of
type i only. Consider also a possibility that the urban unemployed can earn in-
come from the informal sector. From (13) substituting in the values of W, wqy, Wap,
and Ny, :

~0.33n; 0.33n;

1—m) ¢l i = L4 (11—
(=)o o = T2 Lyt (1§

) (L4e)'™ . (14)

n;
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Setting m = 0.75,¢ = 0.4,v5 = —0.5,75 = 0,v; = 0.5, the values of n; defined
in (14),i =1,2,3, are given below

c=0|c=05
ny | 0.699 | 0.38
ny | 0.648 | 0.394
n3 | 0.598 | 0.39

When ¢ = 0,n3 < ny < ny, as drawn in Figure 4. The agricultural sector
s considered to have a relatively lower risk in earned income compared to the
manufacturing sector. The type 3 are the first group of people who are willing
to leave the rural areas followed by the type 2. Nevertheless when ¢ = 0.5,n1 <
ng < na, as drawn in Figure 5. The risk in the urban areas is reduced by
the possibility of earning income from the informal sector. The order of n;
has changed. The type 1 will be the first who are willing to leave the rural areas
followed by the type 3. Suppose that \; = %,i =1,2,3. In the initial equilibrium,
n* = 0.648 : all type 1 are in the rural areas, all type 3 are in the urban areas,
and type 2 are divided between the two regions where most of type 2 are in the
rural areas. In the new equilibrium, n* = 0.39 : all type 2 are in the rural areas
while all type 1 are in the urban areas. The type 3 are divided between the two
regions. Note that the presence of the informal sector leads to more rural-urban
migration. The level of rural labour force in the new equilibrium is lower. This
is what we expect to happen when the expected urban wage (utility) increases,
and the urban risk reduces.

4.2 A possibility of migration in both directions

Given a migration model drawn in Figure 5. Suppose that the government aims
to control the level of migration by imposing a policy that reduces the rural
uncertainty in terms of earned income. That is the policy increases the level of
agricultural production under a bad condition. Thus the rural income increases.
As predicted in the H-T model, there will be a reverse flow of migration back
to the rural areas. In our model, this may lead to a change in the order of n;
and hence migration in both directions. We can also use a numerical example
to show such possibility.

Example 2 Let the economy be the one described in FExample 1 where there
exists the informal sector, ¢ > 0. Given the same values of m,¢,7v;,1 = 1,2,3,
the values of n; shown in Example 1 are

n1 = 0.38,ns = 0.394, ny = 0.39

that is the order of n; is
ny < ng < no.

Suppose that the government imposes a policy which increases the agricultural
production under the bad condition such that ¢ = 0.5. Setting the values of
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and v;,1=1,2,3, as in Example 1, the values of n; become
ny = 0.44,no = 0.43,n3 = 0.42

that is the order of n; is
ng <ng < nj.

Suppose also that \; = %,i = 1,2,3. In the initial equilibrium, Figure 5, n* =
0.39, all type 2 are in the rural areas, all type 1 are in the urban areas, and
type 8 are divided between the two areas. In the new equilibrium, Figure 4,
n* = 0.43, all type 1 are in the rural areas, all type 3 are in the urban areas,
and type 2 are divided between the two areas. Although the new equilibrium
level of urban labour force is lower than the initial equilibrium level, the process
1nwolves massive flows of migration in both directions. This may generate social
and economic costs which cannot be explicitly modelled in our analysis. The
costs may outweigh the benefit of having low level of urban unemployment or
lower level of informal sector workers.

4.3 Policy implications

Some policy implications can be drawn from the above examples. First if the
migration model is represented by Figure 4, a policy that reduces the risk in the
rural areas will not affect the order of n; but will increase the level of total rural
labour force. Thus it may be used as a policy for migration control. Examples
of such policy are rural employment subsidy, rural investment that increases
agricultural production, and the creation of rural insurance markets against the
bad condition. The first two policies have been suggested in the H-T literature
as policies for migration control, see Harris and Todaro (1970), Bhagwati and
Srinivasan (1974), and Basu (1980). The creation of rural insurance markets
has been mentioned in Katz and Stark (1986) where the cause of rural-urban
migration of a risk averse individual is the imperfection of rural money (capital)
markets.

Second, a policy for migration control may not be desirable as it seems at
first sight if it leads to a change in the order of n; which leads to migration in
both directions. Nevertheless, Example 2 also implies that it may be possible
that there exists boundary of the values of variables and parameters such that
the policy may not change the order of n;. Therefore the policy for migration
control may still be desirable given that it is carefully implemented within an
appropriate boundary.

5 Conclusion

We have considered a migration model in which there exist regional differences
and uncertainties. In the urban areas, the minimum wage has been imposed
at the level higher than the market clearing wage leading to an excess supply
of labour. The urban uncertainty is represented by the chance of becoming
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unemployed if an individual decides to migrate to the urban areas. On the
other hand, the rural uncertainty is caused by random states of nature. Thus if
an individual decides to stay in the rural areas, he faces the uncertain level of
agricultural outputs. The assumption of rural uncertainty is reasonably realis-
tic in a developing country with primary agricultural technology. The cause of
rural uncertainty may be different from our assumption. Katz and Stark (1986)
assume that such uncertainty is caused by imperfection of money (capital) mar-
kets in the rural areas. However it also leads to uncertain level of agricultural
output,? therefore the labour market mechanism will be the same. That is a
potential migrant compares his certainty equivalent across sectors and migrates
to the sector that gives him the highest certainty equivalent. The advantage of
using the certainty equivalent, which is derived from the expected utility theory,
is that it has monetary unit and it allows us to compare our migration model
directly to the H-T model.

To derive the equilibrium labour allocation, we need to assume that individ-
uals can be ranked in terms of certainty equivalent. Moreover we need an extra
information on the proportions of each type of individuals. The equilibrium
always exists and the individual at the margin is indifferent between staying in
either regions. The level of rural labour force and the distribution of individuals’
types across sectors in equilibrium depend on the variables and parameters of
the model such as those determining the production functions in both sectors,
the level of the minimum wage, the probability of having a good condition for
agricultural production, and the individuals’ degrees of risk aversion. Thus the
equilibrium labour allocations may not be monotonic with respect to degrees
of risk aversion. We may have an equilibrium where both the risk loving and
risk averse individuals migrate to the same sector. We use a numerical example,
Example 1, to show such possibility. Therefore a risk averse individual migrates
to the urban areas if he views that the risk associated with the urban areas is
relatively lower than the risk associated with the rural areas.

The possibility that both the risk loving and risk averse are in the urban
areas affects authorities’ decisions to implement different policies to mitigate
problems of urban unemployment. For example, a policy that reduces the rural
uncertainty will increase the rural income and will attract the risk averse back
to the rural areas whereas it will induce other types that initially remain in
the rural areas to migrate to the urban areas. This leads to migration in both
directions, see Example 2. Thus the policy that seems, at first sight, to be a
desirable tool for migration control may involve too high social and economic
costs. However to prevent migration in both directions, the policy should be
implemented within the appropriate boundary which depends on the model’s
variables and parameters. Although the examples are given by assuming the
values of the parameters of the model, the analysis draws attention to both the

2For example, those who have ability to borrow from the formal money market are able to
invest on land or other inputs that would lead to higher output thus high income. However
those who cannot borrow from the formal money market may turn to the informal money
market. It is likely that a significant portion of their income will have to be used to pay back
the unreasonable high interest rate. Thus they are left with a low level of income.
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type of appropriate policy and its level.

Thus our model generalises the H-T model in such a way that it offers an

explanation of how heterogeneous individuals allocate themselves across sectors
where both regional differences and uncertainties exist. The model highlights
the role of risk in migration decision, and capability of policy application in
terms of policies’ types and their boundaries.
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6 Appendix A: The Harris-Todaro Model

Define nyyp, Ny, and n, as proportions of total urban labour force, urban em-
ployment and rural employment, respectively. Since there is no rural unemploy-
ment, n, is also proportion of total rural labour force. Labour markets in both
sectors are perfectly competitive. Assume also that the economy is a small-open
economy. Thus relative prices of the manufacturing and agricultural outputs are
fixed and given by the world market. The price ratio between the respective
outputs is normalised to 1.
The total labour force is also normalised to 1. The labour endowment con-
straint is
Nyry + Mg = 1. (15)

The agricultural output (Y,) is determined by
Yo = fa(ng) :=F, (na,j), Ra) (16)
where L and K, are fixed amounts of land and capital respectively. Hence n,

is the only variable input. f! > 0 and f” <0 (f{1 = A apd [V = %) . The

T dng

rural wage is the marginal product of labour which is
Wa = fg (1a).- (17)
Similarly, the manufacturing output (Y;,) is determined by
Yoo = fin (M) = Fiy, (nm,[_(m) (18)

where K, is fixed capital. Hence n,, is the only variable input and f/ >0, f <
0. Since the labour market is perfectly competitive, each worker is employed at
his marginal productivity:

W= fr () - (19)
Thus n, can be written as a function of the minimum wage () :
N = frn " (0). (20)
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A potential migrant moves to the urban areas as long as the expected urban
wage is higher than the rural wage. The equilibrium is reached when

(1—ng)

The right hand side of (21) is the expected urban wage which is equal to the

product of the probability of obtaining an urban job (the ratio of the number

of urban jobs and the total urban labour force) and the minimum wage. The

left hand side of (21) is the expected rural wage which is the real rural wage.
In equilibrium, the level of urban unemployment (U) is

w. (21)

Wq =

U=1—ng—nn (22)

which is greater than zero as long as there exist sectoral wage differentials.
Given (21),

U= (1 - 1) M. (23)

Wq

And the unemployment rate is defined as

U
= 24
“ (1 —n,) (24)
Given (22) and (24), the following expression is also useful:
N = (1 —u) (1 —ng). (25)

The existence of urban unemployment can be seen clearly by using the geo-
metric exposition of the H-T model introduced by Corden and Findlay (1975).

6.1 Geometric Exposition of the Harris-Todaro Model

The H-T model assumes a fixed number of total labour force which we normalise
to 1 and is represented by the length 0,0, in Figure 6. The M M curve repre-
sents the marginal value product of labour in the manufacturing sector (M PL,,)
measured at the externally given world prices and is drawn with origin 0,,. The
AA curve represents the marginal value product of labour in the agricultural
sector (M PL,) measured also at the given world prices and is drawn with origin
0. In the standard competitive model, the intersection of the two curves at F
determines the equilibrium employment levels. The equilibrium wage is uniform
and is equal to E'Ly. There are 0,Lg and 0,,Ly employees in the agricultural
and manufacturing sectors respectively.

As a result of imposing the minimum wage above the market-clearing wage,
FE cannot be attained. The urban employment is 0,,7,,. The part of the M M
curve beyond the point (n,,®), starting from the origin 0,,, is replaced by
the rectangular hyperbola, the HH curve. This curve represents the expected
marginal value product of labour in the manufacturing sector. It could lie above
or below the M M curve depending on urban wage elasticity of labour.

24



Figure 6: Geometric Exposition of the Harris-Todaro Equilibrium

7 Appendix B: Application of the Expected Util-
ity Theory

We present here a brief discussion of the expected utility theory, for a more
detailed discussion see Mas-Colell, Whinston, and Green (1995); Hirshleifer and
Riley (1997); and Starmer (2000).

Define a lottery p as a probability distribution p = (p1, ..., ps) over a fixed
set of outcomes X = (z1,...,x5) where p; is the probability of z,, ps > 0 for
all s =1,....,5 and > ps = 1.> Note that in our model, the outcomes take the
form of monetary payoffs. Denote £ to be the set of all lotteries over the set
of outcomes, X. We state definitions without proofs of the three axioms of the
expected utility theory which are ordering; continuity; and independence.

Definition 1 The preference relation 77, on the space of lotteries L is order-
ing if it satisfies the following properties, for any p,q,r € L,

(1) completeness: either p 7 q or q 7 p or both; and

(#4) transitivity: if p 75 q and q = r, then p 7 r.

Definition 2 [Mas-Colell, Whinston, and Green (1975)] The preference re-
lation = on the space of lotteries L is continuous if for any p,q,r € L, the

3In the expected utility theory literature, N is often used as a notation representing the
number of possible outcomes. However we already use N to represent total number of popu-
lation. Thus, to avoid any confusion, S will be used to represent the total number of possible
outcomes.
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set
{6€[0,1]:6p+(1—-68)gqr} C0,1]

and
{6 €[0,1]:r = ép+ (1 —6)q} C [0,1]

are closed.

Definition 3 [Mas-Colell, Whinston, and Green (1975)] The preference re-
lation = on the space of lotteries L satisfies the independence axiom if for any
p,q,r € L and 6 € [0,1], we have

p = qif and only if ép+ (1 —8)r = éq+ (1 —é)r.

Assume that the decision maker has a rational preference relation - on the
set of all lotteries £ which satisfies all three axioms. Then his preferences can
be represented by a utility function with the expected utility form:

V (p) :Zpsv (z5),i=1,..,N (26)

where v (-) is a utility function defined on the set of consequences. We call
V () the von Neumann-Morgenstern expected utility function, Neumann and
Morgenstern (1947).

Assume that the outcomes are amounts of money which, for convenience
purpose, can be treated as continuous variable. Let G : R — [0, 1] be a cumula-
tive distribution function of the lottery. Thus for any z, G (z) is the probability
that the realised payof! is less than or equal to . Then the equation (26) can
be written as

V(@) = / v (2) dG (). (27)

As in Mas-Colell, Whinston, and Green (1975), for notation simplicity, we do
not explicitly write the limits of integration when the integral is over the full
range of possible realisations of . Assume further that v (-) is monotonically
increasing, continuous, and twice differentiable.

In our model, the lottery in the urban areas is a probability distribution of

M Nm
1—-ng? 1—ng

the other hand, the lottery in the rural areas is p, = (1 — 7, 7) over monetary
outcomes X, = (wqi, Wap) where 7 is the probability of having a good condition
for agricultural production.

Assume that the three axioms of the expected utility theory hold, the ex-
pected utilities in the urban and rural areas are respectively defined as

employment py, = (1 — ) over monetary outcomes X, = (0, @) . On

V(pm) = <1 - "—> v (0) + —2—y (), (28)

1—n, 1—n,
V (pa) (1 =m) v (war) + 70 (wap,) - (29)
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Individuals migrate to maximise their expected utilities. Therefore the mi-
gration equilibrium is defined where V (pa) =V (Pm) :

(1 —m)v(wa) + 70 (Wan) = (1 _ M ) v (0) + Iy (w) . (30)
1—n, 1—n,

To establish migration pattern, in other words who undertakes the migration
decision, the crucial assumption is that we can rank individuals with respect to
their preferences towards risk. Moreover we need to assume a functional form
of v* () but, first, we consider the concept of risk aversion.

7.1 Risk Aversion, Neutrality and Loving

Recall that v (+) is monotonically increasing and twice differentiable, the first
definition of risk aversion in terms of the utility function is given as follows:

Definition 4 [Mas-Colell, Whinston, and Green (1975)] A decision maker is
risk averse if for any lottery G (), the degenerate lottery that yields the amount
[ xdG (x) with certainty is at least as good as the lottery G (-) itself. If the deci-
sion maker is always [i.e., for any G (-)] indifferent between these two lotteries,
we say that he is risk neutral. Finally, we say that he is strictly risk averse if
indifference holds only when the two lotteries are the same [i.e., when G (-) is
degenerate].

From Definition 4, the decision marker is risk averse if and only if

/v ()dG (z) <wv (/ xdG (x)) (31)

for all G (). In the context of expected utility theory, this is equivalent to the
concavity of v () : v’ () > 0 and v” () < 0, which can be shown using a graphical
illustration drawn in Figure 7.

From Figure 7, a lottery G (-) offers either x; or x5 with some probabilities p;
and pp = 1 —py respectively. The expected value of these outcomes is [ 2dG (z)
at which the lottery yields the expected utility of [ v (z)dG (z), the point C' on
the chord AB. By Definition 4, a risk averse decision maker prefers the lottery
that yields the amount [zdG (z) with certainty over the lottery G (-) itself.
That is the utility function of this individual must be concave. The utility of
the sure bet offering [ xdG (x) is represented by the point D which is clearly
higher than the point C.

Analogously, the decision maker is risk neutral if and only if [ v (z) dG (z) =
v ([ 2dG (z)) for all G (-) . Moreover he is risk loving if and only if [ v (z) dG (z) >
v ([ 2dG (x)) for all G (-), which is equivalent to the convexity of v (-) : v/ (-) >0
and v” () > 0.

The following concepts are useful when we compare risk aversion across
individuals.

Definition 5 [Mas-Colell, Whinston, and Green (1975)] Given a wutility
function v (+), the certainty equivalent of G (-) denoted by e := e(G,v), is
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Figure 7: Utility function exhibiting risk aversion

the amount of money for which the individual is indifferent between the gamble
G (+) and the certain amount e; that is

v(e) = / v (2) dG (). (32)

From Figure 7, the certainty equivalent is the amount e which yields utility
represented by the point F. The satisfaction of the inequality

e < /:chG (x) for all G (+)
is equivalent to the decision maker being risk averse:

e < /xdG (z)

o ve) <v(/xdG(x))
o /v(m)dG(x) §v</ajdG(:c)>

which is the same as condition (31). The following definition concerns the mea-
surement of risk aversion.
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Definition 6 Given a twice-differentiable utility function v (-) for money,
the Arrow-Pratt coefficients of absolute and relative risk aversion at x, denoted
by r4 and rg respectively, are defined as

o U" (l‘)
TA (J?) - ’U/ (l’) (33)

and " ()
TR () = _v’—(x)' (34)

It follows from Definition 4 that for a risk averse decision maker, r4 () > 0
and rg (x) > 0; for a risk loving decision maker, r4 () < 0 and g (x) < 0; and
for a risk neutral decision maker, r4 (z) = 0 and rg (z) = 0.
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