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INSTABILITY IN RURAL-URBAN MIGRATION

by

Richard H. Day, Sudipto Dasgupta, Samar K. Datta and Jeffrey B. Nugent

University of Southern California
October 1985

ABSTRACT

Newly observed instances of reverse migration, i.e., migration from

urban to rural areas, suggest the possibility that the labor market

adjustment process could be unstable. We provide a theoretical analysis

of this conjecture using a Harris-Todaro-Lewis model. A bifurcation

analysis is presented that shows how various stable and unstable adjust-

ments are possible including chaotic fluctuations and how these possi-

bilities are related to adjustment speed, the productivity of industry

and agriculture, and the relative importance of industry and population

size. Examples of unstable adjustments in a hypothetical LDC and DC are

given using "plausible" parameter values.
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development.
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After decades of massive rural-urban migration in the developed

countries, numerous instances of reverse migration from urban areas to

suburban and rural areas have been observed.1 In developing countries,

especially those in Africa and Asia, "circular" and "temporary" migra-

tion patterns have been identified.2 Even for those countries where

migratory reversals have not yet actually taken place, analysts have

frequently characterized rural-urban migration as being excessive, sug-

gesting that such reversals will or at least should take place.3 Unsta-

ble migratory movements and migration reversals are also evident at an

international level, especially to and from the Persian Gulf states.

Not surprisingly, in most cases the unstable migratory flows are related

to unstable movements in the terms of trade.

The standard model relating migration to the terms of trade is the

Harris, Todaro model [Todaro (1969) and Harris and Todaro (1970)].

Although there has been some controversy on specific points, the model

has been supported in empirical tests and widely applied to investigate

various development issues and to evaluate alternative policies usually

using comparative static analyses which have assumed rapid convergence

of the underlying market adjustments.4 The phenomenon of reverse migra-

tion suggests a lack of monotonic convergence and possible fluctuations.

Unfortunately, the stability of equilibrium and dynamic properties of

migration processes have been given only cursory treatment. Where such
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analyses have been undertaken, theoretical modifications make the exact

source of instability in the Harris-Todaro model itself unclear.5

It is our purpose here to investigate the question of stability us-

ing some recent developments in nonlinear dynamic analysis and to do so

within a framework which closely resembles the original Harris-Todaro

model. We find that instability is indeed a possibility, and that regu-

lar or irregular, non-periodic fluctuations can be propagated -- even in

the absence of any exogenous shocks. The source of these results is the

lag in adjustment on labor markets combined with the nonlinearity of the

labor supply function. We emphasize that they arise from the most con-

ventional or "normal" specifications of technology and of competitive

market adjustments.

To summarize our main findings, we can assert the following

causes of unstable oscillations in labor migration:

(1) ceteris paribus, a sufficiently large speed of adjustment to

disequilibrium (A);

(2) ceteris paribus, a very small or a very large elasticity of

production with respect to labor in industry (p);

(3) ceteris paribus, a very small or very large ratio of industry

to agriculture (m);

(4) ceteris paribus, a sufficiently large agricultural productiv-

ity multiplier (A);

(5) ceteris paribus, a sufficiently sparse population (N).

Because some of them could well be satisfied in both less developed and

highly developed countries, these sources of instability could be in-



volved in the cases of reverse, circular, and temporary migration that

have been noted in a variety of development situations.

THE MODEL

Following the order of the original two-sector formulation, with

capital, land and technology fixed, the agricultural and industrial pro-

duction functions are given respectively by

X
t 
= f(NAt

) (1)

Yt = 
g(N) (2)

where Xt 
and Y. are the outputs in agriculture and industry respectively

and where NAt 
and Nit are employment in agriculture and industry respec-

tively, all relating to time period t.

Defining the agricultural good as the numeraire, the relative price

of the industrial good in time period t, Pt, is determined by the

relative outputs of X and Y according to a function Pt = p(Xt/Yt) ,

which depends implicitly on the aggregate demand functions for both

goods. For simplicity we assume as did Harris and Todaro in their

original analysis that

p(Xt/Yt) = mXt/Yt (3)

where m is a positive constant representing the value ratio of indus-

trial goods to agricultural goods.6 In the spirit of Lewis (1954) the

agricultural wage wAt in our version of the model is equated to the

average product of labor:
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w
At 

= X
t/NA '

(4)

and the manufacturing wage rate WI is treated as fixed in terms of food.

The overall endowment of labor, N, is allocated between agricul-

tural employment, NAt, and the industrial labor force, Rt, which in turn

is divided between the employed, Nit, and unemployed, Ut. Thus, NAt +

Rt 
= NAt 

+ Nit + Ut = 
N . With these definitions the expected urban

wage rate is

w
Et 
= w

I
N
It
/R
t (5)

where the ratio Nit/Rt can be thought of as the probability of employ-

ment for a person drawn at random from the industrial labor force.

Industrial employment is assumed to be determined by the profit-

maximizing marginal productivity condition, which, when combined with

the preceding equations, yields the implicit function

p[f(N-Rt)/g(Nit)]gl (NIt) wI = 0.
(6)

It can be shown that under the 'standard assumptions on (1) and (2) and

given equations (3), - (5) the conditions of the implicit function

theorem are satisfied.7 This implies that Nit is a function of the

industrial labor force Rt 
which depends on total population N and the

parameters of the production functions of the two sectors. Thus,

Nit = h(Rt) .
(7)
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We shall refer to h(-) as the (industrial) employment function.

The Harris-Todaro migration hypothesis is that rural-urban migra-

tion is a function of the gap between the expected urban wage rate and

the agricultural wage rate, i.e., that

Rt+, - Rt = XEwEt w t
. (8)

Upon substitution using (4), (5) and (7) we obtain

Rt+1 
= 0(Rt

): = Rt 
+ X[wI

h(Rt
)/Rt
) - f(N-Rt

)/(N-Rt
)] . (9)

It is possible to work directly with equation (9) and to show that

all the results of this note hold for this "general" case. Stronger and

more specific results, however, can be obtained by specifying the stan-

dard power production functions for agriculture

and for industry

X = f(NA) = AN = A(N-R)

Y = g(Ni) = BN.

A little calculation shows that the industrial wage function is

w
Et 
= mpA(N-Rt)'

/Rt

while that of agriculture is

w
At 
=

(12)

(13)
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yielding the profiles shown in Figure la.8 The wage differential, which

is simply the vertical difference between these two curves, therefore

looks like Figure lb. The adjustment equation for the industrial labor

force (9), which is now

Rt+, = Rt + X[mpA(N-Rt
)a/Rt 

- A(N-Rt) i] (14)

therefore, has the qualitative shapes shown in Figure lc, a diagram ob-

tained by adding the wage differential of Figure lb weighted by A to the

45° line.9

The analysis is simplified if we transform (14) to get the dynamic

structure in terms of the proportion r = R/N of the total population in

the industrial labor force. Dividing both sides of (14) by N we get

r
t+1 

= T(rt
) := rt 

+ XAN[m(1-rt)(11/rt
-(1-rt

)
ce-1] . (15).

This is the difference equation we will be studying to determine (a)

when reverse migration can occur, (b) if and when equilibrium can be

unstable, and (c) the conditions under which irregular migratory fluc-

tuations can emerge."

There is a single stationary state

r = m13/(1+m13) (16)

which is the equilibrium fraction of the population in industry. The

derivative of TH evaluated at r is

1-1(r) = 1 - XAVI-2
u-2

= 1 - XAN(Y-2(1-m)3-a/m1. (17)

.4



(a) The wage adjustment functions

Rt+i

..

(b) Wage differentials. Three
alternative functions shown.

N

R1

(c) Phase portraits for different parameter values.

FIGURE 1: WAGES,WAGE DIFFERENTIALS AND INDUSTRIAL LABOR FORCE EQUATIONS
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This expression must be less than -1 to get locally unstable oscilla-

tions around the stationary state, a condition equivalent to

or, using (16),

a-2 - - 2-a -
XAN > 2r(1-r) = h(r) (18)

XANce-2 > 2m3(1+mp)a-3 = g(m) . (19)

Evidently a wide range of parameter values are compatible with insta-

bility as is shown in Figure 2a which illustrates (18) and in Figure 2b

which illustrates the equivalent condition (19). Suppose a and r (or

equivalently mp) are fixed. From (18) we find that the expression

XA > h()N
2-er (20) ,

gives the region of stability and instability of AA and N as shown in

Figure 2c.

From the inequality expression and the diagrams it is easy to

derive the comparative dynamic statements listed at the beginning of our

discussion. It is worth emphasizing that, while decreases (increases)

in the adjustment speed A stabilize (destabilize) the system as is to be

expected, for any given X there exist parameter combinations m, p, a, N

and A satisfying the conditions for unstable migratory behavior. Whe-

ther such parameter values are realistic is, of course, an empirical

question.

In the unstable situation oscillations are bounded because of the

essential nonlinearity of the adjustment equation. Using methods out-

lined for example in Day and Shafer (1985, 1986) it can be shown that

these can converge to cycles of some finite periodicity, or what is

perhaps more interesting, to irregular migratory movements that display
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FIGURE 2: SUFFICIENT CONDITIONS FOR UNSTABLE

MIGRATION FLUCTUATIONS
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"chaotic", more or less random, sawtooth patterns that behave like a

stochastic process.

NUMERICAL EXAMPLE

It may be useful to consider the situation for specific parameter

values. Too much should not be made of such examples because the model

itself, simplified as it is to make complete analysis possible, is

rather too simple to be suitable for direct empirical application, which

should require attention to a host of additional endogenous and exo-

genous variables. But it is interesting to see what type of dynamics

occur for various parameter settings within the range of plausibility.

To this end let us consider examples corresponding to developed and less

developed cases. First, consider a DC with r = .95. The unit of

agricultural output is implicitly chosen if we fix the wage rate in

industry in terms of food (wI) at some arbitrary number, say, 10.

Similarly, let N = 100(million). Since 5% of the population is in

agriculture, we can use the steady state condition WA = WE = WI = 10

together with (12) to pin down A. If = 1/3, as would seem quite

reasonable, A 30. With these parameters (19) is satisfied for X > .9.

A value of X close to 1 should be "reasonable" because it implies that

over a long period of time, a 10% differential between WE and WA would

cause 20% of the rural population to migrate (this is, however, only

about I% of the total population). Given r = .95 and using (16) a value

of p = 2/3 gives m = 32.8, i.e., only about 3% of the GDP originates in

agriculture.
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Suppose on the other hand that we have an LOG with T.. = .1, N =

100(million), WI = 1, A = 10, c = .5. Now some 90% of the population

would be in agriculture, with a standard of living for industrial

workers that is 1/10th that of the DC discussed above. Retaining p =

.667, m = .136 so that the ratio of GDP originating in industry to that

of agriculture is 14%. X > 5.6 gives unstable (and possibly chaotic)

trajectories. A value of 20 for X for example would imply that about 2%

of the rural population migrates in response to a 10% wage differential.

The lower relative speed of adjustment implied by these figures could

reflect the greater importance of cultural and financial barriers to

migration in the LDC's compared to the DC's.

Simulation for the two examples are shown in Figure 3. In the DC

case a stable cycle emerges while irregular or high order cyclic fluc-

tuations appear in the LOG. Panel 3a gives the trajectories plotted on

the "phase diagram" while panel 3b gives the implied time series data.

FINAL COMMENTS

Obviously, rural-urban migration in the real world will be influ-

enced by many variables that are omitted from the present analysis.

Moreover, the values of parameters that are held fixed (capital, popula-

tion, productivity) will all change over time in response to investment,

technological change and demographic forcps. Nonetheless, the analysis

and the examples clearly indicate the possible complexity of rural-urban

movements. In particular, they suggest that in response to broader

dynamics in the economy a point in the paramter space (Figures 2a and

2b) might move from the unstable regime with low r to a stable regime

with increasing r and then, as changes (exogenous to the present model)
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FIGURE 3

FLUCTUATIONS IN RURAL-URBAN MIGRATION FOR

DEVELOPED AND LESS DEVELOPED ECONOMY EXAMPLES
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continue, back into the unstable regime with high "i% In such a world

rural urban migration might fluctuate for a time and then approach an

upward trend with unstable fluctuations reemerging at an advanced stage

of development.

In the real world such developments would very likely trigger mea-

sures intended to counteract instabilities, thus adding another para-

metric change to the process of market adjustment. As policymakers

faced with the phenomenon of reverse migration consider instruments for

this purpose their counterparts in countries still experiencing forward

migration may want to anticipate a possible need to do the same.

Evidently reverse migration and instability are not exclusively

characteristic of countries at low levels of development; they can also

occur at high levels of development. In this sense one may conjecture

that rapid enough improvements in technology can destabilize labor

market adjustments. In this sense the policy issues concerning reverse

migration may be intrinsic to "successful" technological advance.

Obviously, the whole issue of labor market stability needs further

study using models which include more of the relevant variables and

forces than the Harris-Todaro framework provides. Even within its

narrow confines, however, the model and its possibilities for instabili-

ty could be interpreted so as to apply to a relatively broad range of

situations. For example, noting that migrants take with them their

human capital and frequently also significant amounts of real capital,

we could interpret N as bundles of mobile resources and R as their

intersectoral flow. Also, the two sectors could be thought of as

different countries or regions of countries, e.g., the North and the
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South, with the South exporting the agricultural good and the North the

industrial good. As before, the terms of trade P and the (internation-

al) allocation of labor between the regions would be determined endo-

genously, once again with the possibility of unstable patterns not

unlike those experienced in recent years at the international leve1.11

_

„

,

„
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NOTES

*The authors express their gratitude to Peter Gordon, Ira Gang and two

anonymous referees for useful suggestions and references. The first

author's contribution was performed in part at the Netherlands Institute

for Advanced Study.

1. See, for example, Vining, Pallone and Plune (1981), DaVanzo and

Morrison (1981, 1982), DaVanzo (1983) and the references therein.

2. On circular migration see Elkan (1967), Fan (1982), Fan and Lee

(1983), Goldstein (1978), Hugo (1975, 1978), Mitchell (1969), Stretton

(1981) and VanderKamp (1972). On temporary migration see Barnum and

Sabot (1975), Breman (1979), Connell et al. (1976) and especially Nelson

(1976) and the numerous references to village studies therein.

3. See especially Todaro (1976a, 1976b) and World Bank (1983).

Several countries, such as Tanzania, Indonesia, the Philippines, South

Africa, China and Cuba, have taken strong measures to prevent rural-

urban migration and/or to promote migration reversals [Simmons (1981)].

4. Most of this controversy has centered on the precise conditions

under which the "Todaro paradox," wherein an increase in the rate of new

urban job generation would increase the level or the rate of urban unem-

ployment, would be fulfilled. See especially Blomqvist (1978) and

Arellano (1981). For the most part, these conditions depend on the spe-

cification of the migration function. For empirical work see especially

Barnum and Sabot (1975), Todaro (1976a, 1976b) and Cole and Sanders

(1983). On the policy side see, e.g., Bhagwati and Srinivasan (1974),

Bhatia (1979), Corden and Findlay (1975), Das (1982), Jha and Lachler

(1981) and Robertson and Wellisz (1977).

5. Some exceptions are the studies of Neary (1981), Amano (1983)

and Bartlett (1983) who have shown that stability of equilibrium is not

guaranteed. In all these cases, however, the simple Harris-Todaro

framework is modified substantially and other elements appended. In the

case of Neary, it is by bringing in the mobility of capital; in Bartlett

it is by bringing in population and capital growth and by using the more

complicated version of the model (i.e., Todaro (1969)); in the case of
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Amano it is by introducing adjustment costs (with respect to employment

by urban firms and of wage rates to unemployment rates and other deter-

minants), and by opening up the product markets to trade with the rest

of the world, thereby pegging the prices of sectoral outputs.

6. Algebraic convenience is perhaps the main reason for the popu-

larity of the particular functional form of the price equation in (3),

but two economic justifications for its use can be suggested. First, we

show that the assumptions of (i) homothetic preferences for rural and

urban consumers and (ii) zero cross price-elasticity of demand between

industrial and agricultural goods imply the particular form of (4).

Let us suppose that the endowment of urban consumers is given in

terms of industrial goods (Y), and that of rural consumers in terms of

agricultural goods (X). Homotheticity implies at any given value of

P
A
/PI' 

urban consumers always spend the same fraction of total income Y

on industrial goods. The zero cross elasticity assumption implies that

at any given Y, the consumption of industrial goods remains unchanged,

irrespective of the value of PA/PI. These two properties together imply

that consumption of industrial goods by urban consumers is of the form

C
1
Y, where C1 

is a constant. Similar arguments suggest that the con-

sumption of agricultural goods by rural consumers is of the form C2X,

where C2 
is a constant. The demand for agricultural goods by urban con-

sumers, expressed in terms of agricultural goods, is {PI(1C1)Y]/PA.

The supply of agricultural goods to urban consumers is (1-C2)X. Equat-

ing demand and supply, we get [P,(1-C1)Y]/PA = (1-C2)X or PI/PA =

(1-C
2
)X/[(1-C

1
)Y] = mX/Y.

An alternative economic interpretation of (3) is to think of the

economy as a monetary one in which money consists of food stamps backed

100% by the availability of food. The equation of exchange for such an

economy can be written as (PI/PA) Y + X = VX, where V is the velocity of

circulation of food stamps. From this it follows that PI/PA = (V-1)X/Y

= mX/Y. Even if money is only partially backed by food, as long as the

proportionality between the quantity of money (in terms of agricultural

output) and agricultural output is constant, the same result would ob-

tain.

7. It is shown in Appendix A of Day, Dasgupta, Datta and Nugent

(1986) that, under the standard assumptions in the production functions,
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the implicit function theorem holds and the industrial employment func-

tion exists.

8. The shapes of all curves in Figure 1 are derived in Appendix B

of Day, Dasgupta, Datta and Nugent.

9. The reason why WI does not appear in (14) is the specific form

assumed for p(-) in (3). Using (3) one can show that (6) reduces to: mp

A(N-Rt
)"/NIt 

= w
I' 

Substituting in (5) we get (12) and hence (14).

10. It is interesting to consider alternative forms for the basic

adjustment equation (10) such as the proportional form (Rt+i-Rd/Rt =

X[wIt-wAT]. We have done this and virtually all of the results remain

unaffected.

11. We have not incorporated capital primarily because another

state variable would complicate the model and obscure the main issue.

However, capital accumulation can be introduced in a somewhat ad hoc

manner, as follows. Since the issue here is the instability of rural-

urban migration, the assumption of over-all steady-state growth in capi-

tal does not bias the model in favor of the conclusion. If the capital

stocks in industry and agriculture and total population grow at the same

rate, and production functions exhibit constant returns to scale, a

slight modification of equation (10), with the number of people migrat-

ing now being expressed as a percentage of total population, gives us

the following reduced form:

rt+1 = [1/(14-g)]rt [Xn/(14-g)][wIh(rt)/(rt) f(i'n-rt)/(n-rt)]

where rt 
= R

t
/I(

At' 
K
At 

= the capital stock in agriculture at time t, g =

the steady state rate of growth, n = Nt/KAt, a constant and the proper-

ties of the function h(-) are as in the text. Although not identical to

(13); the analysis in the text also applies.
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After decades of massive rural-urban migration in the developed

countries, numerous instances of reverse migration from urban areas to

suburban and rural areas have been observed.' In developing countries,

especially those in Africa and Asia, "circular"2 and "temporary"3 migra-

tion patterns have been identified. Even for those countries where

migratory reversals have not yet actually taken place, analysts4 have

frequently characterized rural-urban migration as being excessive, sug-

gesting that such reversals will or at least should take place.5 Unsta-

ble migratory movements and migration reversals are also evident at an

international level, especially to and from the Persian Gulf states.

Not surprisingly, in most cases the unstable migratory flows are related

to unstable movements in the terms of trade.

The standard model relating migration to the terms of trade is the

Harris, Todaro model [Todaro (1969) and Harris and Todaro (1970)].

Although there has been some controversy on specific pointse, the model

has been supported in empirical tests7 and widely applied to investigate

various development issues and to evaluate alternative policies8 usually

using comparative static analyses which have assumed rapid convergence

of the underlying market adjustments. The phenomenon of reverse migra-

tion suggests a certain lack of stability, implying at least a lack of

monotonic convergence and possibly cyclic or nonperiodic patterns in

behavior. Unfortunately, the stability of equilibrium and dynamic pro-
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perties of migration processes have been given only cursory treatment.

Where such analyses have been undertaken, theoretical modifications make

the exact source of instability in the Harris-Todaro model itself

unclear.9

It is our purpose here to investigate the question of stability us-

ing some recent developments in nonlinear dynamic analysis and to do so

within a framework which closely resembles the original Harris-Todaro

model. We find that instability is indeed a possibility, and that regu-

lar or irregular, non-periodic fluctuations can be propagated -- even in

the absence of any exogenous shocks. The source of these results is the

lag in adjustment on labor markets combined with the nonlinearity of the

labor supply function. We emphasize that they arise from the most con-

ventional or !Inormal" specifications of technology and of competitive

market adjustments.

To summarize our main findings, we can assert the following

"causes" of unstable oscillations in labor migration:

ceteris paribus, a sufficiently large speed of adjustment to

disequilibrium (X);

ceteris paribus, a very small or a very large elasticity of

production with respect to labor in industry (p);

ceteris paribus, a very small or very large ratio of industry

to agriculture (m);

ceteris paribus, a sufficiently large agricultural productiv-

ity multiplier (A);

ceteris paribus, a sufficiently sparse population (N).



Because some of these conditions could well be satisfied in both

less developed and highly developed countries, the relevance of the

sources of instability identified here could have relevance to the

aforementioned cases of reverse, circular, and temporary migration in a

variety of less developed and advanced countries.

THE MODEL

Following the order of the original two-sector formulation, with

capital, land and technology fixed, the agricultural and industrial pro-

duction functions are given respectively by

X. = f(NAt
) (1)

Yt = 
g(N) (2)

where Xt 
and Yt 

are the outputs in agriculture and industry respectively

and where NAt'
and Nit are employment in agriculture and industry respec-

tively, all relating to time period t.

Defining the agricultural good as the numeraire, the relative price

of the industrial good in time period t, Pt, is determined by the

relative outputs of X and Y according to a function

Pt = P(Xt/Yt) '
(3)

,

which depends implicitly on the aggregate demand functions for both

goods.

In the spirit of Lewis (1954) the agricultural wage wAt in our ver-

sion of the model is equated to the average product of labor:
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wAt = Xt/NA ' (4)

and the manufacturing wage rate wI is treated as fixed.

The overall endowment of labor, N, is allocated between agricul-

tural employment, NAt, and the industrial labor force, Rt, which in turn

is divided between the employed, Nit, and unemployed, Ut.10 Thus,

NAt Rt = NAt Nit = N •

With these definitions the expected urban wage rate is

w
Et 

= w
I
N
It
/R
t

(5)

(6)

where the ratio Nit/Rt can be thought of as the probability of employ-

ment for a person drawn at random from the industrial labor force.

Industrial employment is assumed to be determined by the profit-

maximizing marginal productivity condition

P
t
gl(N

It
) - wI = 0 . (7)

Using the preceding equations with this one, an implicit function is

obtained,

(Nit) - WIP[f(N-R)ig(N1t)3g 1
=0 (8)

which, given that the conditions of the implicit function theorem are

satisfied, implies that Nit is a function of the industrial labor force
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Rt 
which depends on total population N and the parameters of the pro-

duction functions of the two sectors. Thus,

Nit = h(Rt)
 .

We shall refer to h(.) as the (industrial) employment function.

(9)

The Harris-Todaro migration hypothesis is that rural-urban migra-

tion is a function of the gap between the expected urban wage rate given

by (6) and the agricultural wage rate, i.e., that

Rt+1 
- Rt 

= X[wEt 
- wAt
] (10)

Because the expected urban wage is

w
Et 

= wI
h(Rt)

/Rt 
(11)

and the agricultural wage is

w
At 

= f(N-Rt
)/(N-Rt

) 
'

we obtain

(12)

Rt+1 
= O(Rt

): = Rt 
AlwI

h(Rt
)/Rt
) - f(N-Rt

)/(N-Rt
)] . (13)

This is the difference equation we will be studying to determine (a) when

reverse migration can occur, (b) if and when equilibrium can be unstable,

and (c) under what conditions irregular migratory fluctuations can

emerge. 11
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COMPARATIVE DYNAMICS

Everything depends on the "profile" of the function 0. First, we

must make sure that the industrial employment function h(-) exists.

This is done in Appendix A for quite general assumptions about technol-

ogy. In Appendix B we show that the components of wage adjustment have

the shapes shown in Figure la and that the implied expected urban-rural

wage rate differential as a function of the industrial labor force is

like that shown in Figure lb. From these we infer that the profile of

(13) can be either stable as in curve S of Figure lc or unstable as the

curve labelled U. Which of these cases would prevail depends on the

underlying parameters of the model. It is shown in Appendix 6, that

instability is made more likely the more rapid is the responsiveness of

migration and, for any given adjustment speed, the more the elasticity

of output with respect to labor in agriculture is high in relatively

urban economies or low in relatively rural ones.

In the unstable situation we get bounded oscillations. These can

converge to cycles of some finite periodicity, or what is perhaps more

interesting, to irregular migratory movements that display "chaotic",

more or less random, sawtooth patterns. 
12

It is not difficult to produce specific examples that satisfy both

the sufficient conditions for unstable fluctuations and the standard

qualitative properties of technology that we have assumed. For this

purpose consider the standard power production functions for agriculture

and for industry

X = f(NA) = AVIA = A(N-R)a

= g(NI) = BN7 .



(a) The wage adjustment functions (b) Wage differentials. Three
alternative functions shown.

R t

(c) Phase portraits for different parameter values.

FIGURE 1: WAGES,WAGE DIFFERENTIALS ANb INDUSTRIAL LABOR FORCE EQUATIONS
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A little calculation shows that the industrial wage function is

w = mpA(N-R )a/R
Et t t

while that of agriculture is

wA = A(N-Rt)
cy-1

t

(16)

(17)

which give the profiles shown in Figure la and which we have already

discussed. The wage differential therefore looks like Figure lb. The

adjustment equation for the industrial labor force (13), which is

Rt.+, = Rt + AimpA(N-Rda/Rt - AO-Rda-1] (18)

therefore, has the qualitative shapes shown in Figure lc.

The analysis is simplified if we transform (18) to get the dynamic

structure in terms of the proportion r = R/N of the total population in

the industrial labor force. In these terms we get

r
t+1 

= T(rt
) := rt 

+ XAN[mp(1-rt)a
/rt

-(1-r
t

 . (20)

There is a single stationary state

r = m13/(1+m13) (21)

which is a positive function of mp, as one would expect. The derivative

of this function is
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Mr) = 1 - XANa-2(1-m03-a/mp (22)

This function, evaluated at r, must be less than -1 to get locally

unstable oscillations around the stationary state, i.e., local instabil-

ity requires

T I(r) < -1 , (23)

a condition equivalent to

XAN(1-2 > 2143(1+03)a-3 = g(m) . (24)

Let a1 
and a2 

denote the values of mp which equate the two sides of

(24). Then, given values of A, A, a, N such that positive al, a2 exist,

unstable reversals in migration would occur for all mp such that

0 < mP < a or a
2 

< mp < 1 . (25)

Thus, if mp is sufficiently low or sufficiently high migratory movements

will be unstable. Otherwise, labor market adjustments will converge.

These are the possibilities illustrated in Figure lc. The sufficient

conditions are illustrated by plotting the left and right sides of (24)

as shown in Figure 2.

From (21) it is easy to see howtchanges in mp shift the equilibrium

industrial labor force. For given m an increase (decrease) in the

elasticity of production with respect to labor in industry, p, would

shift -17. to the right (left). Likewise, it can be seen that either an

increase in A or a decrease in N would reduce the stable zone



XAN'

Unstable
economics

Stable economies
Unstable
economics

al 02 1

  mf3

FIGURE 2: SUFFICIENT CONDITIONS FOR UNSTABLE
MIGRATION FLUCTUATIONS
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[a
1 a

2] and increase the unstable zone for mp. Hence, for given mp, a

sufficiently large agricultural production multiplier, A, or suffi-

ciently small population would make instability likely.

It is worth emphasizing that, while decreases (increases) in the

adjustment speed X stabilize (destabilize) the system as is to be

expected, for 2ny given X there exist parameter combinations satisfying

the conditions for unstable migratory behavior. Whether such parameter

values are realistic is, of course, an empirical question.

Evidently reverse migration and instability are not exclusively

characteristic of countries at low levels of development; they can also

occur at high levels of development. In this sense one may conjecture

that rapid enough improvements in productivity can destabilize labor

market adjustments. In this sense the policy issues concerning reverse

migration may be intrinsic to "successful" technological advance. It

should be emphasized that instabilities in adjustments can arise in both

underdeveloped and highly developed countries when they are character-

ized by technologies and behavioral response functions of the type that

are frequently used in discussions of rural-urban migration. This calls

attention to the possible importance of identifying policies capable of

treating such instabilities.
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APPENDIX A

Existence of the Industrial Employment Function h(4.)

Assume that

and

f' > 0, f" < 0, g' > 0, g" < 0,

lim f' = co, lim f' 0,
N
A
-4‘1N

A
40

f(0) = 0, g(0) = 0 .

Also, for simplicity assume as did Harris and Todaro that

P = p(X/Y) = mX/Y , (A4)

where P is the price of industrial goods in terms of agricultural

goods and where m is a positive constant.

Using (A4) and taking the total differentials for (8), we find that

dtsli W(Ndfl(N-R )

dR = f(N-R)g"(t1)-kg 1(NI)
: = h l(R) (A5)

where k = WT/m. As N7 R < N < 00, it follows from (Al) and (A2) that

(14) is finite except at R = N. The existence of (9) within the semi-

open interval 0 < R < N follows.
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APPENDIX 13

Characterization of the Components

of Wage Rate Adjustment

We have to characterize the two "wage rate components", h(R)/R and

f(N-R)/(N-R) which appear in (13). On considering (A5) together with

assumptions (A1)-(A3), we find that

Proof

lim h(R)/R = m
R-4)

lim h(R)/R = 0
R-41

Um d
(h(R)/R) 

1140
dR

Um 
d(h(R)/R

dR
R4N

lim f(N-R)/(N-R) = m
R4N

df(N-R)/(N-R) >0
dR

Consider equation (B1). Taking the derivative

d(h(R)/R) hill - h(R)

dR

Now, lim h'R = 0, as -co < -rim h' < 03.
R40 R40

Also, h(0) > 0 because we have

(B1)

(62)

(63)

(64)

(65)

(66)
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W(N)-f(N-R) = kg(N) and g(0) = 0, g'(0) 0 .

Hence,

Again,

because Um h' =
R4N

Moreover,

• d(h(R)/R)
lim   = -00

dRR40

d(h(R)/(R)
lim  dR = lim
R-41 R-44

h'R - h(R)

h(R) h(R)

R2
-co

lim 
R = 

lim =0.
R40 R4N

From these we conclude that h(R)/R is as shown in Fig. la. Turning now

to the shape of f(N-R)/(N-R), we find that both numerator and denomina-

tor 4 0 as R4N. Hence, by applying L'Hospital's Rule,

f(N-R)
-.NO)

lim     = f'(0) = 00
R4N 

N-R -1

Also, f(N-R)/(N-R) takes the value f(N)/N at Rt = 0. The slope of

f(N-R)/(N-R) is given by [f - fl x(N-R)J/(N-R)2, and is positive given

the concavity of f. These findings yield the curve shown in Figure la

for f(N-R)/(N-R).

To find the shape of the function (9), which we may call ei(R;X,A),

we first have to bring together the functions h(R)/R and f(N-R)/(N-R),

multiplied by constants w and A, respectively, and subtracting

A(f(N-R)/(N-R)) from wi(h(R)/R) which gives the graph shown in Figure

lb. Multiplying by X does not produce any qualitative change in the

graph except to flatten it in midrange and make its approach to the
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limiting asymptotic sharper. Adding R to it yields a graph like the

ones shown in Figs. lc and id. This is the graph of the function

0I(R,X,A).

Let R* denote the value of R for which 01 attains a local maxima,

the R denotes the steady-state of R. Then we have

DR*

and

R*

= -A

Comparative statics on TZ:

is given by

from this we get

f - Vx(N-R*)  hixR* - hi 4. =
"I R*2

(N-R*)2

  + w h(17° = 0
N-TR I

Af(N-R) h(R,A)  
WI 

7 =,
K

f(N-R) wI

N-R
• h
A'

A)

wIhR(R'
A) - h(T,A) - fl(N-R)(N-R)}

(N-)2

•

(B7)

(88)

The denominator is clearly negative, since f(N-K)/N-R > V(N-1-0 by the

concavity of f, and hR < 0. However, the sign of the numerator is

ambiguous. As can be readily verified,

g'(NI).g(NI)
h
A
(-1
'
A) =  

A[-g"(NI)g(NI) = g )
2 >0.
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Substitution from the expression for R shows that the numerator is WI/

k(h(R,A)/A) - hA].

Remark 1. This expression is zero whenever h(ii,A) is homogeneous of

degree one in A. If we have the power function Bg(NI) = 131,17, then it

may be readily verified that this condition is satisfied.

Remark 2. Substitution from the expression for hA(R,A) shows that

the numerator can also be written as

1
g' (N1)

I - gu(NI)

gi(NI) 
• g(N

I
) + g 1(N

I
)

Since by concavity of g we have NI < g(NI)/W(NI), it is seen that the

expression is positive for and g which is "sufficiently concave" and

(-g"(NI)/W(NI) which is sufficiently high).

Clearly,
31-R _ n
ax

arR _ n
3B -

Comparative statics on R*,X,A).

Fla h(R,A) Af(N-R*)eI(R*,A,A) = R* R* NR*

w h(R*,A)e D8 DR* 4.  I  Af(N-R*)
A 3R* DA R* N- R*

w h(R*,A) 
Af(N-R*)= 0  R* N-R*
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This is positive if R* lies to the left of ii, and negative if R* lies to

the right of R. Similarly, 38//3A may be calculated. We have

DO
I

= A I_ w
, rt , hAo*,A) f(N-R*)  

j 
-1

DA I R* N-R* 

= Arh - h(R*'A)-]
L A A i

We immediately note that Remarks 1 and 2 apply to this case as well. In

particular, 30
I
/3A is zero if h

A
(R,A) is homogeneous in A (e.g., in

the case of the power function); and 38
I
/3A is negative for g "suffi-

ciently concave."

Comparative statics on R*:

R* is given by

_._
h (R*,A)R* - h(R*,A)
R •  f(N-R*) - fl(N-R*)-(N-R*)A WI 

R*
2 A

.......,

(N-R*)2

...I....I

........

+ 1 = 0

Taking the total differential of the above expression gives the follow-

ing complicated expressions for 3R*AX and 3R*/3A.

DR* _
DA

A 
f(N-R*) - fl(N-R*).(N-R*)

(N-R*)2 
WI  

R*
2

AH ,

hR(R*,A)R* - h(R*,A)

where

H = -A {f"(N-R*)
(N-R*)

2 
+ 2(f(N-R*) - f"(N-R*)(N-R*))}

......,

+ w
I

(N-R*)3

fh
RR
(R*,A)R*

2 
- 2(h

R
(R*,A)R* - h(R*,A)} --

R*
3
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Similarly,

—
DR* . 1 f(N-R*) - f'(N-R*)(N-R*) _ w (hRA(R*'A) - hA(R*'A))--__
BA H (N-R*)2 

I R*
2

.......•

The sign of H is ambiguous. However, hR < 0, and from equation (14),

if we realize that k = wI
/mA nw, it is clear that g" > 0 is sufficient

to ensure hRA 
< 0. Then we can see that 311*/aX and 3R*/0A would have

the same sign.

The upshot of all this is to highlight that the signs of the par-

tial derivatives can tell us in which direction the parameters need to

be manipulated for us to get chaos. Thus, for instance, let us suppose

that g(Ni) is sufficiently concave so that aR/aA < 0 and ao1/aA < 0,

and g'" > 0. If the initial parameter values are such that R* < R,

then, as we have seen, 301/3X > 0. Thus, if 311*AX > 0, then 3R*AA >

0; so that lowering A will achieve the objective of shifting both

I
0 (R*,X,A) up and R* to the left. If 3R*AX is < 0, then raising A

_
achieves both objectives. If R* > R, the 30

I
AX < 0, but one can reduce

A to shift 01 up. If 3R*AA > 0, the R* is also reduced and eventually

one will have R* < R.

,

,.

_

,.
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NOTES

*The authors express their gratitude to Peter Gordon and Ira Gang for

useful suggestions and references. The first author's contribution was

performed in part at the Netherlands Institute for Advanced Study.

1. See, for example, Vining, Pallone and Plune (1981), DaVanzo and

Morrison (1981, 1982), Da Vanzo (1982) and the references therein.

2. See Elkan (1967), Fan (1982), Fan and Lee (1983), Goldstein

(1978), Hugo (1975, 1978), Mitchell (1969), Stretton (1981) and

VanderKamp (1972).
3. See Barnum and Sabot (1975), Bremen (1979), Connell et al.

(1976) and especially Nelson (1976) and the numerous references to vil-

lage studies therein.
4. See especially Todaro (1976a, 1976b) and World Bank (1983).

5. Several countries, such as Tanzania, Indonesia, the Philippines,

South Africa, China and Cuba, have taken strong measures to prevent

rural-urban migration and/or to promote migration reversals [Simmons

(1981)].
6. Most of this controversy has centered on the precise conditions

under which the "Todaro paradox," wherein an increase in the rate of new

urban job generation would increase the level or the rate of urban unem-

ployment, would be fulfilled. See especially Blomqvist (1978) and

Arellano (1981). For the most part, these conditions depend on the spe-

cification of the migration function.
7. See especially Barnum and Sabot (1975), Todaro (1976a, 1976b)

and Cole and Sanders (1983).
8. See, e.g., Bhagwati and Srinivasan (1974), Bhatia (1979),

Corden and Findlay (1975), Das (1982), Jha and Lachler (1981) and

Robertson and Wellisz (1977).
9. Some exceptions are the studies of Neary (1981), Amano (1983)

and Bartlett (1983) who have shown that stability of equilibrium is not

guaranteed. In all these cases, however, the simple Harris-Todaro

framework is modified substantially and other elements appended. In the

case of Neary, it is by bringing in the mobility of capital; in Bartlett

it is by bringing in population and capital growth and by using the more

complicated version of the model (i.e., Todaro (1969)); in the case of

Amano it is by introducing adjustment costs (with respect to employment

by urban firms and of wage rates to unemployment rates and other deter-

minants), and by opening up the product markets to trade with the rest

of the world, thereby pegging the prices of sectoral outputs.

10. Alternatively, we could interpret NA as bundles of mobile

resources in general and R as the intersectoral flow of these resources.

One should bear in mind that migrants take with them their human capital

and frequently also significant amounts of real capital.

11. It is interesting to consider alternative forms for the basic

adjustment equation (10) such as the proportional form (Rt41-Rd/Rt =

X[wIt
-w

AT
]
' 

We have done this and virtually all of the analysis applies.
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We therefore doubt that our results depend significantly on the specific

adjustment equation used.

12. A sufficient condition for this possibility derived by Li et

al. (1982) is the existence of a point, say Rc such that

n
(R

c
) RC < 8(R

c
)

where n assumes the value of an odd number, where OH is represented

by equation (13) and where 0
n(Rc) is the n

th iterate of the equation

beginning with the initial condition RC. For an exegesis of this con-

dition for n = 3 see Day (1982) and (1983). These papers contain var-

ious references to the related literature.

•
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