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since N>0, Q,>0, m; >0, m;>0, we obtain Limm3iLoo (f2fr2=S1S22) +
N'Qo(rzSzglezmz)Z] <0.
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The pu . . .

The forg?sscc; Sosf 311‘1: if:pzztls ;o present a mlcroecopomic foundation of the migration function

memplogmont Each © 5 1 of an increase in the .jOb creation rate on migration and urban

unemp oymen . o ral worker must estimate his expected urban income on the basis of hi
pected numbers of both newly created jobs and migrants during the coming p:a)riocliS

Workers whose expected urban income is eater than the rural or e decide to migrate. while
P ar ,
those who estimate smaller urban income stay on.

1. Introduction

- Trillan;rO:iirgoc;,f' urban une.mployment and rural-urban migration observed
1ng countries was first analyzed by Tod
condition under which an increase in th Y iob crea it
; ' e rate of urban job creation results i
an increase in urban unemployment has been a j i several
: central subject in
pag;rs_, e.g., Toda.ro (1976), Blomqvist (1978) and Arellano (19811) i several
a, feﬁr explall}laglon of the so-called ‘Todaro paradox’ could be .summarized
s follows: Urban unemployment at time ¢, U(t), i
. : , 15 defined as urb
unemployment at time ¢—1 plus rural-urban migration during the perrigg

t— 1 M([" 1) minus an increment o e]ll[)loy]lle]lt [0} O t u
Py y t f urban
pp rtunities d rlng

Uy=U(t-1)+M(t—1)—g(t— 1)E(t— 1), 1)

wherehE and g stapd for Fhe number of urban employed workers and its
growth rate, respectively. Differentiating partially with respect to g, we have

oUu(t)  aM(t—1)
dg(t—1) ag(t—1)

—E(t—1). (2)

An increase in the rate of job creation promotes not only urban employment

but also rural-urban migration. If the latter effect is greater than the former

*I would Li i
would like to thank my colleagues of Doshisha University, especially T. Nakao, for thei
. , eir

valuable comments. 1 would al i
suggestions. so like to thank the referee of this journal for his useful
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. . . s
the Todaro paradox arises. They assume the migration function a

_M(t—l)
T R(t—1)

m(t—1) =m{w, P(t)], 3)

here R and w denote the number of total rural worke.rs and the con§ta111t
vZ:ltio of urban manufacturing wage to rural agricultural income, respectively.
r . .
P is the probability of getting an urban job and is defined as

_1)E(-1) @
<SRz D
Since
aM(—1) om(t—1) oP(r) ME .

- —_—— T mr’P—__’
agi—n DR -1 " UP
here ,np denotes the elasticity of migration with respect to probability and
w m'fP
is expressed by

omP
mr’P——aPm,

the condition for the Todaro paradox is obtained by substituting (5) into (2),

6)
gE (
mllp >1T4_

Eq. (4), however, implies that the migr.ants during thf: penolci ;1 —S(: 1(:1:111;11112:
be candidates for getting newly created !obs open at -tlrrll(e t.wn so Impie
that the probability of getting an urban job at time 15 n(t) O At the
workers who (ry (0 e or t;oldwTrigsvrstgsz’hn:g;?of)abﬂity, .because
begmmni > ttllx?e tr_felc,t hi?l;(v)i;’rex:tig(r)l abzut employment plans of indmdualf
HO‘bOdy fi o (an‘:iC the government) at time t nor about the numb.er o
pr}Vate lfim:in the period t—1. An individual rural worker must ‘estlmat(ei
lt]lnxleg rrz)irnotls)ablillitygby forecasting both the numbers of newly created jobs an

migrants, i.€., instead of (4),

T gu-DEC=1) ] -
Pe(t)=“““[1’U(z—1)+M°(:-1) ’

where superscript ‘e’ stands for the expected variables.
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Moreover, the migration function (3) says that rural-urban migration is
promoted if the wage differential becomes greater and/or if the probability of
getting an urban job rises. It is not, however, clear on what criterion the
decision making of rural workers is based when they try to decide whether
they should migrate or not.

The purpose of this paper is to derive an aggregate migration function by
introducing explicitly the criterion for the decision making, and then to
discuss under what condition the Todaro paradox arises.

2. The model

At the beginning of time t—1, rural workers decide whether they should
migrate to the urban area or not during the period t—1. It is assumed that
the correct information they have at hand is the levels of constant rural
agricultural and urban manufacturing wages, W, and W, and the numbers of
urban employed and unemployed, and total rural workers at time t—1,
E(t—1), U(t—1) and R(¢t—1). It is also assumed, as in Harris~Todaro (1970),
that they migrate to the urban area as long as their expected urban income,
Wi(1), is greater than their expected rural income, W(r), at time . It is
further assumed that the expected rural income is equal to W,,

Wie) =W,

while the expected urban income is regarded as W multiplied by the expected
probability formulated by (7),

() = mi g(t—DE(t—1)
W0 —mm[W, W U(t— 1)+ M(t— 1):|.

(8)

If all rural workers have identical expectations of the growth rate, g(t—1),
and migrants, M(¢—1), they all decide to either stay or migrate depending
on whether Wi() is either smaller or greater than W,. For instance, suppose
that each individual is subject to static expectations like

g(t—=g(t—2) and Me(t—1)=M(—2),

then W((t) has the unique value which is either smaller or greater than ..
In general, however, all rural workers would not have identical
expectations. In the next section, the case in which they have different
expectations of M*(t—1) but identical expectations of g°(t—1) is discussed,
while the reverse case in which they have different g*(r— 1) but identical M®
(t—1) is described in section 4. Section 5 deals with the most general case
in which they have different expectations of M*(r—1) and g°(t—1). In each
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section. the aggregate migration function is derived and the condition for the
Todaro paradox is presented. Conclusions and some extensions are sum-
marized in the final section.

3. Different expectations of the number of migrants

Fig. 1(a) shows the negative relationship (8) between the expected urban
income and the expected number of migrants, given a common expected job
creation rate. It is assumed that W is greater than W. There are two cases:
In case 1 where ¢°E/U is so small that Wg°E, U is smaller than W, all rural
workers want to stay in rural agriculture, because the expected urban income
of every rural worker is smaller than the rural one. The other case is
characterized by the inequality that Wg°E/U> W..! Given the level of
constant rural wage, there exists unique critical value of expected migrants,
Me<* such that the expected urban income is equated to the rural ome. It is
expressed by?

M* =wg°E-U, )

where w is the urban—rural wage differential, w= W/W,. Rural workers whose
expected number of migrants is smaller than M®* migrate to the urban area, (a)
while those who forecast a greater number of migrants than M®* stay in
rural agriculture.

How many rural workers migrate depends on how many persons forecast
the number of migrants smaller than M®*. Let fI[M=(t—1)] denote the
frequency density distribution of this expectation as described in fig. 1(b),
then the number of migrants during the period t—1 can be expressed by

>Hh

Mex

M(t—1)=R(t—1) g f(Me) dM®. (10)

Rewriting (10) in the form often used in the discussion of the Todaro
paradox,

m(t—1)=M/R=a(w,g"), (11)

3 M8 (-1
where 0 ( )

a,=f(M™*)g°E>0 and a,= f(M*)wE>0.

Now. let us discuss whether an increase in the rate of urban job creation
during the period r—1 increases urban unemployment at time ¢ or not. If

‘When the probability is unity. this relationship has a portion of flat horizontal line with the
tavel of W before the portion of a negative sloping curve.
*For simplicity. hereafter we omit ume dimension (t — i) when it can be understood cleurly
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rural workers have some information about an increase in the rate of job
creation, they would forecast greater g° and M°® than in the case of no
information. Assuming that rural workers forecast greater g° based on the
new information, the negative sloping curve in fig. 1(a) shifts upwards so that
the critical value of expected migrants is increased by

Mo+ — M* =wE 4g".

On the other hand, to forecast greater M° means that the frequency density
distribution changes and that the area below this distribution and under the
critical value as shown in (10) becomes smaller. If we assume that a shift in
distribution changes only the mean keeping other moments unchanged as
illustrated in fig. 1(b), then such a rightward shift in distribution can be
interpreted by a leftward shift of the critical value of expected migrants in the
original distribution. Hence, the net increase in the critical value is expressed
by

AM* =wEAg®— Auy, (12)

where Ap, denotes an increment of the distrubition mean. Therefore, the
number of migrants increases by
M+ AM®*
AM=R |  f(M®)dM®=Rf(M*)(wE 4g°—4u,), (13)

M+

where M®* <M < M®*+AM®*. Since urban employment at time ¢t is
increased by E Ag, urban unemployment level at time time ¢ increased if

Rf(M*")(WE 4g°— Ap;) > E 4g. (14)

Namely, the condition for the Todaro paradox can be expressed by

Hr g
. S O S, 15
g ng WEge MeCg Rf(Meu)wge ( )
where
4g° g Aps g
My =——= and  peE, ="
T Mg g M Ag g

When rural workers have some information about an increase in g, the
higher the elasticity of expected growth rate and the lower the elasticity of
expected migrants, the higher the probability that the Todaro paradox arises.
If rural workers have no information, g° and M*¢ remain unchanged so that
urban unemployment at time ¢ decreases by EAg.

i bgdin b

,‘mnﬁwﬂ'h\"vﬂaﬁhklm s it i
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4. Different expectations of the rate of job creation

. Fig. 2(a) shows the positive relationship (8) between the expected urban
income and the expected rate of job creation, given a common expected
ngmber of migrants. Given the constant rural wage, there exists unique
critical value of expected rate of job creation, g°*, such that the expected
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urban income is equated to the rural one. It is expressed by

_urM (16)
wE

(2]

Rural workers whose expected rate of job creation is greater than g°*
migrate to the urban area, while those who forecast the smaller rate of job
creation than g°* stay in rural agriculture.

How many rural workers migrate depends on how many persons forecast
the rate of job creation greater than g**. Let h(g®) denote the frequency
density distribution of this expectation as described in fig. 2(b), then the
number of migrants during the period t—1 can be expressed by

M(t—l)=jo h(g®) dg*, (17)

where z° is a sufficiently great number such that h(z%)=0. Rewriting (17) in
the popular form,

m(t— 1) = M/R=b(w, M*), (18)
where
b, =h(g**)g*/w>0 and b,= —h(g**)/(WE) <0.

The impact of an increase in g on M° can be explained by a clockwise
rotation of the straight line through the origin as shown in fig. 2(a). The
critical value of expected growth rate is raised by

ge¥ —g** =AM*/(wE).

On the other hand, the new information about an increase in g changes the
frequency density distribution. Similarly assuming that a shift n distribution
changes only the mean, a rightward shift in distribution can be dealt with by
a leftward shift of the critical value of expected growth rate in the original
distribution. Hence, the net increase in the critical value is expressed by

(]

(19)

Ll
g = wE Hps

where Ay, denotes an increment of the distribution mean. The number of
migrants, therefore, increases by

o

GM=r T .h(ge)dge:Rh(gw)(duh_AM ) (20)

g<" rdg* . wE

A
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where g°” takes a value between g®* and g®*+ Ag™*; g°* <g® < g + Ag®*. If
this AM is greater than EAg, then urban unemployment increases at time t.
Namely, the condition for the Todaro paradox is expressed by

. M€ S gE
99 WElu'h MJ]!] Rh(ge//)luh’ (21)
where
Apy g AM® g
g, =——— and yM,=m ————.
ST Ml T4 M

5. Different expectations of both M*(¢t—1) and g%(z—1)

Fig. 3 shows the positive relationship (8) between the expected rate of job
f:reation and expected number of migrants on which the expected urban
income is equal to the rural one. Above the line, the expected urban income
is smaller than the rural one, while below the line it is greater. Hence, rural
workers whose combination of expected values of g* and M°® is in the region
below this line migrate to the urban area, while those who forecast any
combination in the region above the line stay in rural agriculture.

M® (t-1)
4
STAY
ME(e-1y| </ D
j
| . MIGRATE
'
]
ME* (-1 ... !
1
|
|
l
I
. : , 9% (t-1)
e
0 wE 9 (t=1) g®%(t-1)

Fig. 3

. If all rural workers have the identical expected rate of job creation which
is greater than U/(wE), there exists unique critical value M®* such that rural
workers whose expected number of migrants is smaller than M®* migrate.
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This is the case discussed in section 3 before, and is shown as, for 1.nsta1:.|ce,
AB in this figure. On the contrary, if all rgral wc.)r.kers have ?:1 1de11t11<1:a1
expected number of migrants, there exists unique f:ntlcal value g e*such that
rural workers whose expected rate of job creation 1s greater than g°* migrate.
This is the case examined in section 4, and is shown as, for instance, CD in
re.
thl’i"t?eg l;oint frequency density distributiop being denoted by q[M*,g°], tll;e_
number of migrants in the form of the ratio to the total rural workers can be

expressed by

g* wg°E-U

mt—1)=M/R= | | q[Mg7JdM"dg". (22)
U/wE Q

The migration function derived above is a fu.nction of w. The number li)f
migrants increases as w rises, because an increase in w b'roadens tde
migration region in fig. 3 through not only shifting the straight line leftwards
but also making its slope steeper. . . ‘

If rural workers have some information aboqt an increase in g, their
expectations based on this information shift the joint d1.str11_>ut1'on t.oward tl}e
north-cast. Making a similar assumption about a shift in distribution, a Sh:lft
toward the north-east is decomposed into a rightward and upward. shift.
Furthermore, a rightward shift in the joint distribution can be dealt with by
a leftward shift in the straight line in fig. 3 by the.arpount of 4pg, apd an
upward shift can be understood by a downward shift in the straight line .by
the amount of Ay, where p, and py stand for .the means of respective
variables g¢ and M®. Hence, the number of migrants increases by

g°¢ wgtE—-U

AM=R |

U/wE wg®E— U+ dugwE ~ dup

g(M*,g%) dM* dg*

= (g’e ——U—>(MZ Ap,— A d(M°, °), (23)
wE

where

U/wE)<g°<g°, and
wg*E—U+wE Apg—ApuélVIegwg'E— U.
The condition for the Todaro paradox, therefore, can be expressed by

L , (29)
'ER 5¢ _i (Me ge\
HgW g wE q .

M -

— Ay >
Me'g

¢ wEp,

ge'{

S
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where
PSS V8 |
elhg=—"T—— Mely =" .
e Ag Hg ¢ Ag py

6. Conclusions and further remarks

If the probability of getting an urban job is known as in (4), each rural
worker forecasts the same level of expected urban income. Hence, if the same
criterion for the decision making is introduced, all rural workers either stay
or migrate depending on whether the identical expected urban income is
either smaller or greater than the rural one. Such an outcome is quite far
from the phenomenon observed in many developing countries. It is, therefore,
clear that some other different criterion must be presupposed in order that
the migration function (3) be meaningful.

Moreover, the non-existence of the number of migrants in the denominator
of the probability (4) entails a large difference in the condition for the
Todaro paradox, because any information about an increase in g would in
most cases increase M® and hence decrease the expected probability which in
turn has the impact of discouraging partly rural-urban migration. In our
analysis, this effect is expressed by the second term of the left-hand side of
the condition for the Todaro paradox in each section.

So far, our explanation was confined to the decision making of rural
workers. The decision of urban unemployed workers, however, can be also
described in our framework. They decide to migrate to the rural area when
their expected urban income is smaller than the rural one.“M®(t—1) now
expresses net rural-urban migration. Hence, it may be negative. Nobody
would, however, forecast negative M*® which entails (U + M*) <0, because the
probability of getting an urban job becomes unity as long as g° is positive. In
the phase where g° is negative, (7) does not mean the probability. In this
case, the probability must be zero.

In our model, the expected urban income at time ¢ is compared with the
rural one. Our analytical framework can be extended to the more reasonable
case in which workers compare the discounted present value of the expected
urban income with that of the rural one. Let i denote the discount rate, the
present value of rural income is expressed by

T 1
W, —_—
! nZ() (1 + l)"
where T stands for the time horizon, while that of expected urban income is
formulated by

T €
” Z P(t+n)

n=0 (1+l)n ’
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If M%t+j) and g(t+j) are determined uniquely by M+ j-—%) and
g%(t+j—1), respectively, and if the present value of expegted urban' mconllg
is the positive function of M*(t~1) gnd g°(t— 1), then similar analysis w;l)ut
be possible. It would also be possible to say that young peop}e tend to
migrate relative to old people because the former could enjoy a higher walg(e
of urban manufacturing for a much longer period than the latter. If we t%_l e
into account the long lifetime expected ingome, the once-for-all m1gr~at.10n
cost (which we assumed away for simplicity) would become. a negl.lglbly
small amount relative to the discounted present v?.lue over the time horizon.

In our model, why some persons decide to migrate w.heg gthers want to
stay depends primarily on the assumption that gach 1pd1v1dual mgkes a
different expectation. The difference of taste for risk-taking would give an
explanation for justifying this assumption. Risk lovers would tend to estimate
higher g° and smaller M*® than risk averters.
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This paper discusses the problems of controlling for omitted variables in estimating the
structural parameters of longitudinal models and focuses upon an assessment of a mnon-
parametric marginal maximum likelihood approach suggested by the results of Laird (1978). The
approach is shown to be statistically valid for a plausible discrete-time model of the incidence of
residential or migration moves, at least for data in which no household moves in every time
period. Empirical evaluation with two large datasets on residential mobility indicates that the
approach is also computationally feasible and provides a promising alternative to more
conventional methods for controlling for omitted variables.

1. Introduction

Micro-level research into residential mobility and migration has been
increasingly dominated by analyses of longitudinal data, mostly from panel
studies [see, for example, the review by Clark (1982)]. However, the
identification of the characteristics and determinants of move behaviour has
been hindered by the serious statistical problems posed by omitted variables.
These problems are not unique to mobility research but arise in most areas
of social science endeavour in which interest may focus upon temporal or
sequential processes. For example, in studying employment [Heckman and
Willis (1977)] and unemployment [Lancaster (1979)], shopping behaviour
[Massy et al. (1970)], modal choice [Johnson and Hensher {1982)], responses
to intelligence tests [Bock and Aitkin (1981)], and duration of stay in
hospital [Eaton and Whitmore (1977)]. When the longitudinal data consists
of single durations for each sampled individual, it is impossible to distinguish

*The authors would like to thank the Inter-University Consortium for Political and Social
Research for provision of data from the Michigan Panel Study of Income Dynamics. Neither the

ICPSR nor the original collectors of the data are responsible for the analysis and conclusions
presented.
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