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Abstract

This paper condders migration as an investment decison. We develop a continuous-
time dochasic model to explain the optimad timing of migration, in the presence of
ongoing uncertainty over wage differentials.  Our results reved that households prefer
to wait before migraing, even if the present vaue of the wage differentid is pogtive,
because of the uncertainty and the sunk costs associated with migration. An incressed
degree of risk averson discourages migration, and interacts with the other variables
and parameters affecting migration by exacerbating ther effects. Households are less
likely to migrate into rurd aress with aless predictable income profile.
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1. I ntroduction

People migrate in order to increese their welfare. The semina papers on migraion
(Lewis, 1954; Todaro, 1969, 1976; Harris and Todaro, 1970) assume that the option
to migrate for the household is limited to the exact point in time when the present
vaue of the expected wage differentia becomes pogtive.  Although income can be an
important sgnd to migrate, there are three issues that need atention. Firdt, if
households fal to take up the option to migrate a the moment in time when it is
considered optima to do 0, then this is assumed to be lost forever. This means that
for any household there is a now-or-never gpproach to migration tha is not only
redricting, but dso implies that households cannot contemplate migration as a
welfare-augmenting drategy & any point in the future if they do not migrate today.
This amounts to a pendty that households must incur if they exercise caution and so
seems counter-rational.  Second, standard migration theory predicts that out-migration
is a rationa response to a podtive expected wage differentid, but household
behaviour does not aways conform to this prediction. Third, migration has continued
even in the absence of a wage differentid. Migration has not been the equilibrating

mechanism as argued by Lewis (1954) and Todaro (1969).

Oded Stark (1984, 1991; see dso Stark and Bloom, 1985) addresses some of the
issues rased by more conventiona theories of migration by applying the notion of
relative deprivation to households in the village of origin. The relative deprivation of
a household is messured in terms of an income datistic other than their own which
propels out-migration. Those households that earn an income higher tan this income

datistic fed no sense of relaive deprivation and have no reason to move. However,



those households earning less than the reference datidtic do fed rdatively deprived
and have a propendty to migrate. Households whose income lies furthest awvay from
the reference datistic fed more relatively deprived than those whose income is just

less.

Relative deprivation permits an andyds of some obsarved migration patterns.
Households continue migrating into urban areas even in the absence of a podtive
wage differentia (see Fields, 1982; Schultz, 1982). The migration decison in the
relative deprivation theory is motivaied solely by reference to an income ddidic in
the area of origin rather than in the dedtingtion area Migration has been observed to
be highest in villages where the didribution of income is highly skewed (see the
evidence cited in Stark, 1984). In such villages the number of those who fed
relatively deprived will be high paticularly if the income Satistic they respond to is
the average village income. Equdly, in very poor villages the number of those
households that fed reatively deprived will be smdl as average income will be low.

Thusthereislessincentive to migrate to diminish their sense of relative deprivation.

The principd am of this pgper is to st out a modd of migration as a form of
household investment under uncertainty.  Although migration does not represent
invetment into a fixed asst, there is an inter-tempora trade-off. A sacrifice is made
today in the expectation of future rewards. Lewis and Todaro considered migration
behaviour in a datic context. Whilst their contribution has provided a vaduable
darting point, the predictions of ther theoretical approach have not been able to
explan some puzzling aspects of migration behaviour. Stark (1991) has offered a

different and novel gpproach to migration, but aong with more conventiond theorists



there is no discusson of the irrevershility of the migration decison. Migration is not
codless, it involves sunk costs which cannot be recouped at a later date, even though
the act of migration itsdf can be reversed. Consderation of these codts is criticd to

the migration decision and indeed is congstent with rationa behaviour.

Fundamentally, the decison to migrate must baance the expected future vadue of the
wage differentid agang the level of sunk costs. The former must more than offsst
the latter: it is not sufficient for future expected earnings differentids to be merey
postive. Household perceptions and expectations play an important role in the timing
of migration. Since there is uncertainty asociated with the wage differentid,
households incorporate this uncertainty in their decison to migrae. If households
expect the future wage differentiad to rise above its current leve, then they may
choose to delay migration into the future. There can therefore be a vaue to waiting.

The expectations of the future trend of the wage differentid are a function of the
information st avalable to the household. By contrast, standard theory tends to

assume a static modd and dtatic expectations.

The andyds of migraion as an invesment under uncertanty dlows for a different
interpretation of certain aspects of migration behaviour. Whilst a postive wage
differentidd can be a sgnd to the household that migration may be an optima
drategy, the sunk costs associated with migration must be passed in order for
migration to be dedrable. This threshold is a function of the expected future wage
differential, of the sunk costs and of the uncertainty. Incressed uncertainty over the
wage differentid is likey to rase the threshold level a which migraion becomes a

desrable drategy. Increased uncertainty, therefore, has the effect of increesng the



region of inetia whereby the household delays migration.  Households exercise
caution and dday migration if the wage differentid is perceived to be volaile in the
future.  This is entirdy rationd, as increased expected household income is only

desrableif accompanied by relative sability of thisincome.

Perceptions of the uncertainty over wages may explan why migration could occur
given a wage differentid that is smal or even zero. Increased uncertainty associated
with the wage in the village of origin relative to the dedination wage may prompt out-
migration even if the wage differentid is zero. For risk averse households, reduced
uncertainty is linked to increases in wedfare and the decison to migrate will be
brought forward. Schultz (1982) and Fdds (1982) show that the dadticity of
migration with respect to income in the village of origin is wesk. This suggedts thet
income by itsdf is insufficent to motivate migration, and that other factors including

possibly uncertainty, come into play.

Although the cods associated with migration ae irreversble, migration itsdf can
often be reversed. Households can decide to return to ther village of origin.  This
option to return migrate can influence the initidl migration decison. If households
know that return is possble, then they might be more willing to undertake migration

inthefirg place.

As a departure from the mgority of studies on migration, the model presented in this
paper concentrates on rura-rurd migration.  As rurd-rura migration encompasses
many different dements of migraion patterns, rurd-rurd migration heregfter  will

refer to inter-state and/or intra-date flows. It will be assumed that migration in this



case is longer term but not necessarily permanent, and thus it may aso incorporate
seasond migration.  However, the mode can be adapted to consider the case of rura-
urban migration by incorporating an asymmetry in the wage trends of rurd and urban

areas.

The sructure of this paper is as follows. In section 2 the main theoreticd modd is
presented. In section 3 the modd is extended to consder risk averse households.
Section 4 andyses migration under a neutrd spread of the wage differentia.  Section

5 summarises the main results.

2. A theoretical modéel

In this section a continuous-time modd of migraion is developed where the wage
differentid evolves over time in a stochastic manner, and where uncertainty is never
fully resolved. As the am of this paper is to andyse rurd-rurd migraion, it is
gppropriate, therefore, to assume symmetry in the wage profile between the area of
origin and the aea of dedindion. Specificdly, the optima decison rule for a
household in the village of origin to migrate to a rurd destination area is derived and
then the optima rule for a household in the dedtination area to return-migrate to the

village of origin.

The andyds of migration presented examines both the cost of the initid migration
and the cogt of return migration. These cods are sunk and irreversible. It is

edablished that both costs are relevant when a household congders its migration



decison. There exigs a region of inetia over which the household is unwilling to
change the status quo. In other words, there is a range of vaues of the wage
differentid over which it is not optima for the household to undertake migration in
ether direction. It is demongtrated that increases in the sunk costs widen the region of
inertia while decreases have the opposte effect. This inetia results in a hysteress
effect. The optimd drategy thus depends on the past migration history of that

houschold.

A rurd household will not undertake out-migration at the point where the net present
vaue (NPV) of the wage differentid is postive and just sufficient to cover the cods
as predicted by standard Marshdlian microeconomic analyss. Rather, migration will
only occur when the NPV is sufficiently high to compensate for the irrevershbility of
the migration decison. This will require a higher podtive wege differentid than

prescribed in conventiona migration theory.

A dmilar argument holds for return migration. For this to be the optima drategy for

arurd household, the wage differentid must be negative and large in absolute vaue.

Let WP be the wage in the village of origin, WP the destination wage, and define

V =e""""°  Let | be the cost of initid migration, and E the cost of return migration.
The sochadtic dructure of the modd is as follows. The exponentid of the wage

differentid, V, is assumed to follow a geometric Wiener process.

(1) dv =s Vdz,



This formulation of uncertainty as a geometric process implies tha dV is proportiond
to the exiging levd of the wage differertid V, rather than independent of it.
Furthermore, it excludes the posshility that the stochastic process for the wage
differentid might have the origin as an dsorbing dae.  In economic terms, this
means that there can be negative values of the wage differentiads, and that zero is not

an absorbing state.

The stochastic process (1) implies that today’s wage differentid is the best predictor
for tomorrow’s wage differentid. Hence, the trend component in wages is the same
for both the village of origin and the village of dedtingtion. There is no fundamentd

asymmetry in wage trends between rura areas (in contrast to rurd and urban areas).

The component dz, in (1) isaWiener disturbance, which is defined as

) dz, (t) = e, (t) </dt

where e, (t)~N(0,)) is a white noise stochastic process (see Cox and Miller, 1965).
The Wiener component dz, is therefore normally distributed with zero expected vaue

and variance equd to dt:

€) dz,~ N (0, dt)



In the present modd it is assumed that there is no uncertainty over | and E *. When
deriving the optima behaviourd rule for migration, it is necessyy to didinguish

whether the household is;

@ in the village of origin;

(b) in the village of dedtination.

Two problems can, therefore, be identified:
Problem(a). Optimal migration rule for a household in the village of origin.

Problem (b). Optimal migration rule for a household in the village of destination.

Problem (a).

Bdlman's dynamic programming gpproach is employed to obtan the optima rule for
migration. The household will remain in the village of origin as long as the wage
differentid is less than a criticd vaue, and will migrate as soon as this criticd vaue
is reached. Note that the definition V =e"""V" implies that the relevant range for the
Bdlman equation is of the fom V1 (0,V"). As the wage differentid tends to minus
infinity, V approaches zero. The household will reman in the village of origin for

V <V" and will migrate when V =V ™. Thus V" represents the upper bound of the

region of inertiain the migration behaviour of the household.

Let F© be the measure of the vaue to the household in the village of origin of having

the migration opportunity:

1 In Khwaja (2000a) uncertainty over | and E are considered



(%) FO=FO@eV" W )=F°(V) vi (v

The Belman eguaion (or the asset equation) for the dynamic programme of the

household is

(5) rF°(V)dt =W°dt + E[dF° (V)]
or:

(59) rF °dt =W°dt + E(dF°)

where r is the ingantaneous rate of interest. Formdly, (5) or (58) are obtained by
equating the product of the rate of interest and the vaue of the asset (LHS) with the
sum of the instantaneous benefit and the expected capitd gain or loss from the asset

(RHS).

The Bedlman equation (58) can be expanded by using Itd's Lemma of stochastic

caculus (Dixit and Pindyck, 1994):

ST Lt VP

6 dF
© It w 2 v?

(@v)?

= %s A/?FOdt +s VF e’dz,

By taking expectations of (6) usng (3) we have:



(7 E(dF °) :%s A/PFLdt

Replacing (7) into (58) the Bdlman equation is obtained as:

(8) rF°dt =W°dt +%s 2V dt

Dividing (8) by dt a2nd-order differentid equation in F°(V) is obtained:
©) %sjszf;- (EO = WO

The solution to (9) is given by the sum of the generd solution for the homogeneous
equation and of a particular solution for the inhomogeneous equation. Therefore, a

solution for the homogeneous equation must first be found:
1 2O (0]
(10) ESVZV FO-rF°=0

Using a guess solution of the form

(11) FO=AV"
implies
(11a) F° =bAV®!

10



(11b) F2 =b(b-1)AV"?

Substituting (11) and (11b) into the homogeneous equation (10) gives.
(12) %sfb(b-l)AVb S IAVE =0

Dividing (12) by AV " leads to:

(13) %svzb(b-l)-r:O

The roots of the quadratic equation (13) are:

(148) b1:§+ —+—>1

(14b) bZ:%- /%+:_i2<o

The genera solution for the homogeneous equation (10) is:

(15) FO(V)= AV + AV

A particular solution for the inhomogeneous equetion (9) takes the form:

(16) Fo(V) =K

11



where K isacongant. Replacing (16) into the differentid equation (9) gives:

(17) =

The generd solution for the second-order inhomogeneous differential equation (9) is

given by:

(18) FO(V>:AN“+AZV*’2+WTO vi(v")

Consider A2. As V® 0, WP -W° ® -¥ and therefore the option to migrate should

be worthless. Since b, <0, in order to avoid F°(V)® ¥ asV ® 0, A, must be st

to equa zero, i.e. A;=0. Therefore, F° (V) isdefined as:

(18) |:°(V):,Aivb1+WTO \VAR(AYA)

Problem (b).

For a household in a rurd dedinaion village the Bellman equation is defined over the
range V1 (V- +¥). The household will remain in the destination village as long as the

wage differentia is greater than a critical vaug, InV'-. The household will return to

the village of origin only when V=V*". The Bellman equation is:

12



(19) rF Pdt =wWPdt + E(dF °)

Proceeding as for Problem (a), agenera solution of the form:

WD
r

(20) FP(V)=CV™+CV" + VT (V5 4¥)

is obtained.

Consider C;. As V® ¥, WP -W° ® ¥ and therefore the option to retun migrate
should be worthless. Since b, >1,to avoid FP°(V) ® ¥ asV ® ¥ , C; must be st
to equal zeroi.e,, C1=0. Therefore the generd solution for F® is

WD

(20) FP(V)=C,VvP + ; VT (V- ,+¥)

To determine A; and C, we use the vaue matching and smooth pasting conditions are
used. The vaue maiching conditions equate the vaues of the dternative options,
open to the decison maker a each criticd boundary. The smooth pasting conditions
equate the margina changes of the option vaues, a each one the critical boundaries

(see Dixit and Pindyck, 1994). The vaue matching conditions for the problems

indicated above are;
(21) FO(VT)=F°(v")- I
(22) FPVY)=F°\V"-E

13



Equation (21) says tha, given V", a household in the village of origin must be
indifferent between remaining in the village and migraing to a dedination village,
whereby it will incur a cogt |. Equation (22) says that, given V., a household in the
dedtination village mugst be indifferent between remaning in the village and return

migrating, whereby it will incur acost E.

The smooth pasting conditions are:
(23) Fo(VT) =F (V")
(24) FPVE) =F (V)

Equations (23) and (24) say that, at the critical boundaries, the vaue functions for the
household in the village of origin and for the household in the village of dedinaion

must be tangentia to each other.

By using (18) and (20'):
(e}
29) FO(V) = AV® + 1
r
is obtained.
D (e}
(26) FP(V) =C,V® +WT:C2vbz +InTV+WT

14



@7 FO(V)= ADV™

29) F2V) =C,by e
r

By replacing (25)-(28) into (21)-(24) the following system of equations for A;, Cp, V-

and V" is obtained:

(6] H (6]
(29) Aival +W—=C2VHb2 +|nV +VV__ |
r r r
L o 0}
(30) eyt + IV W2y W
r r r
(31) ADN "t =Cb v e L
rv
(32 AbNV T =Cb, v+ r\ir

The system (29)-(32) is nonrlinear in the varidbles A1, Cp, V- and VM. In order to
solve it, the methods illugtrated in Dixit (1991) are adapted. Using (31) and (32) to

solvefor A; and C, gives (see Appendix):

VHbz _ VLb2
- rbl(VHbZV Lby _ \/ Hory/ Lbz)

(33) A

15



VHbl _ VLb1
(34) C = b, (V ™y i - /PRy

Let KO (VMPaythr oMoy te) - Replace A; and C, into equations (29) and (30) to

have:
(35) b, (V™ - V)V = (vH Ly 1 g b KNV - rb,bKI
(36) b (VM- V™)WY +ph b KInVE =b, (V™ - VPV - rb b KE

Adding equations (35) and (36) and rearranging gives.

(Ve )y ey Y- b LK IV V) = - rb,b K (1 +E)

(37)

Let:

(38) M © (VH >Vl_)llz
1, /"9

(39 z° —Xn x
2 ng &

Then:
H /2
40 e’ = T
(40) Vs
(419 vH =Me?
(41b) VE =Me?

16



Replacing (40), (41a) and (41b) into (37) and amplifying obtains.

(42) (b,- b,)(e™ - €®2)(e® - &™)- 2b,b,z(e™e ™ - ePre *7) =

=-rb,b,(e®e ™ - e *2)(l +E)

Use dnh( X) = (e* - € *)/2 (seeeg. Smirnov, chapter 17) to obtain:

(43) 2(b, - by)>anh( zb,) & zb,) - 2b,b,z>ann( z(b, - by)) =

=-rb,b,>d@nh( z(b, - b)) (I +E)

Equation (43) can be evduated by usng a Taylor expandon about the point z=0,
noting tha  dsnh( x)/dx =cosh(x) and dcosh(x)/dx=dnh(x)  where

cosh( x) = (e* +e *)/2 (Smirnov, chapter 17), to obtain (see Appendix):

23+ I‘(| +e)(b2' b1)2 x22+3r(| +E) =0

(44)
4b,b, 2b.b,

Using Cardano’s formula (see Kurosh, chapter 9), the cubic equation (44) has one red

root and two complex conjugate roots. The red root of the eguation is (see

Appendix):

5 z:#_L _Q#_g_ D _r(l+E)b,- b))’
2 108 2 108 12b,b,

where

17



_r’(1 +E)*(b,- by)° L3r(1+E)

46
(40) 864b b2 2b,b,

_243*(1+E)* 9 r*(1l+E)*(b,- b)°

47 D=
“n) b 32 bib

It is posshle to show (see Appendix) that z>0. This is an important result as it
implies that V" >V'. Theefore, there exists a range of vaues for the wage
differentia in which it is optimd to mantain the status quo, that is, households do not
engage in migration in ether direction. Households are rdluctant to respond to small
changes in the wage differentid preferring to wait until the wage gep is large enough

for migration to be optimdl.

A further reault is that z is an increasing function of | and of E, the codts of initid and
refurn migration. Hence, an increase in ether the cost of migration, or the cost of
return migration, or both, increases the range of vaues in which migration does not

take place.

Thee results ae Smilar to those of indder-outsder theory in labour economics,
where increases in hiring and firing costs make the firm more rductant to hire or fire
labour in response to fluctuations in demand for its output (see Lindbeck and Snower,
1988). Firms are reluctant to fire workers in a recesson if they perceive the recession
to be temporary. Firing workers would increase the costs of the firm, as redundancy
obligations in the form of severance pay would need to be met; furthermore, once the

recesson is over, the firm would incur hiring costs. If firms believe the recesson to

18



be long term, workers are fired. In our model of migration and return migration, | and
E respectivdy, are andogous to the hiring and firing codts of the firm. A smdl wege
differential that is expected to be permanent will generate a large present vaue. In
this case, a household is willing to take part in migration and incur the cost | if they
are leaving the village of origin, or they incur the cost E if they are planning to return.
If households observe a large pogtive wage differentia but expect it to be trangtory
they are unlikely to migrate. Conversdy, a large negdive differentid that is expected

to be trangtory will not prompt return migration.

3. Migration and risk aversion

An important feaiure of behaviour under uncertainty is averson to risk. In this
section the modd incorporates risk averson in household behaviour. For andytica
amplicity, the option to return migrate is not consdered. The approach to risk
averson presented in this section is very genera, and could easily be adapted to

andyse different forms of uncertainty.

Migration is by its very naure risky. Once a household member migrates, there is a
decline in current household income. The greaster the margind product of the
migrant, the larger is this decline. It should be noted that a housshold member with a
large margind product in the village of origin would not necessarily have a large
margina product in the village of destination. There is dways a rik that the migrant

canot subgtantidly augment family income.  Income in the village of origin can be

19



uncertain (for ingance, a bad harvest), but equdly there is no certainty on income in

the destination village.

A risk-neutrd household is indifferent to fluctuations in income, if the expected vaue
of income is unchanged. By contradt, a risk-averse household prefers a steady stream
of income rather than a fluctuating income flow, even if the expected NPV were to be

the same. For a risk-averse household, a steady sream of income yields a higher

lifetime utility, and SO migration can be a strategy to smooth income fluctuation.

A risk-averse household will be more cautious about moving given the irrevershility
of the migration decison. The sunk cogts involved cannot be recovered a a future
date and therefore there is a higher opportunity cost attached to migrating now.
Hence, households might display a greater degree of inertia behaviour.

Under risk averson, the instantaneous household utility can be modelled as:

(48) U =UWw)

where U isincreasng and concave, suchthat U’ >0, U” <0.

As before, the exponentid of the wage differentid, V =&"" """, follows a geometric

Brownian motion:

(49) dv =s Vdz,

20



where the disturbance dz, follows a white-noise stochastic Wiener process.

(50) dz, (t) = &, (t) /dt
where
(51) e,(t) ~N(01)

isasaridly uncorrdated stochastic process. Equations (50) and (51) imply:

(52) dz, ~ N(O,ck)

Let | bethe migration cost. The vaue of the migration opportunity is:

(53) F=F@E" " )=F(V)

The Bdlman equation is.

(54) rE(V)dt =U(W°)dt + E[dF (V)]

Usng It6's Lemma, taking expectations, replacing into the Bedlman equation and

rearranging the following second-order differentid equation in the vaue function

F(V) isobtained :

21



(55) %s A/ %F, - rF =-U(W°)

Proceeding as in section 2, the genera solution for the inhomogeneous equation (57)

is
(56) F(V)= AV + AV +%o) VT (0,V*)

where b, >1 and b, <O ae defined in section 2, equations (148 and (14b)

respectively, and where V* isthe critical threshold of the wage differential.

The optimal migration strategy must have the form: do not migrate if V1 (0,V*),
migrateif V1 [V*,¥). Consder the constant Ay; asV® 0, WP -W° ® - ¥ and
therefore the option to migrate should be worthless. Since b, < O, in order to avoid
AVP2®¥ as V ® 0 A, must be et to equa zero i.e. A, = 0. Hence the generd

solution to the differentid equetion (56) is

(57) Fv)= Ave + ZW°) Vi (0V*)

r

The vaues of the coefficient A; and of the critica threshold V* are obtained from the
vaue-matching and the smooth-pasting condition. Under risk averson, the vaue-

meatching condition is

22



(58) F(v*):_U(VrVD)- |

and the smooth-pagting condition is

(59) F, (V) = %

Using (57) and the definition V = €¥"""° the following system is obtained:

i LJUWO®) _U(nV*+W°)
r r

(60) AV |

U'(nV * +W°)
rv*

(61) VALEE

Subdtituting out AV *™ from (60) and (61) and equeting the following implicit

functionin V* can be written:
(62) f (V) =U'(INV*+W°) - b, U (InV * +W°)- U(W®)|+rb,l =0
By the implicit function theorem, the following is obtained:

dav> _ Tt/ _ rb,

(63) =- =- 4 >0
dl T/AAV* U WP)- burwP)|/v*

23



Equation (63) shows that an increase in the cost of migration, I, will increase the
citicd vdue V* and thus delay the decison to migrate. This is because the region

whereit isoptima not to migrate haswidened. Smilarly,

av*_ fMr _ bl A/
dr TE/VE O JuTWP)- burWP)[v

(64)

Equation (64) shows that an increase in the rate of interest, r, aso has the effect of
delaying migration. This finding is condgtent with intuition, in that one would expect

high interest rates to act as a deterrent in the migration decison.

To evauate the response of V* to changes in the variance of the instantaneous shocks,

s 2, note that:

Tt _ 9 _fb,
sz fqb, Ts/

(65)

From equation (14a) of section 2, Tb,/Ys’ <0. The patid derivative ff/fb,

gives
(66) %:-[U(\ND)-U(\NO)]HI <0 0 UMWP)-UWC)>rl
and therefore:

24



dv*  qf/qs? - b o
67 =- Y >0 0 §] - UMW |
(67) ds 2 ﬂf/‘ﬂv*> W=)-UWw=)>r

The intuition for this result is as follows Suppose WP > WP: in the absence of
dochagtic shocks, it would never be profitable to migrate sSnce
UW?P)- UW®)<rl. With postive shocks, as the variance s?2 increases there is an
incressed probability that the wage of destination WP will dimb above the wage of
origin WP, and therefore migration would be more atrective. This would result in a
decline of the citicd vadue V* (the sat of vaues of V for which migraion is not
optima will be smdler). Conversdy, when U (WP)- U(W®)>rl an increase in the
variance of the stochagtic shocks will make it more likdy for the destination wage to

fal below the wage of origin, thereby discouraging migration.

Congder now the effect of an increase in the degree of risk averson on the decison to

migrate. The coefficient of relative risk averson is defined as (see eg. Laffont, 1991,

page 24):
__W:u"W)

68 =

(68) g(W) 0'w)

One has:

(69) Tt _Uw)evurw) 1o, o

Ve Ve Eumw) W

_. ()gg(\N)+bH<o
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For a risk-neutrad household, g =0. For a risk-averse household, g >0. From (69),
the absolute vaue [ff /TV*| is thus an incressing function of the degree of risk
averson. Hence, by the implicit function theorem the effect on VV* of changes in the

parameters |, r and s ? is magnified by risk aversion.

The importance of this result is twofold.  Firdly, it dlows us to establish the role of
rsk averson in the decison-making process. For instance, section 2 showed that an
increase in migration cost | makes the household more reluctant to migrate, by raisng
the criticd threshold V*. In the presence of risk averson, the criticd vaue V* is
rased even further by increases in I. Risk averson therefore exacerbates the effects
of those parameters that affect migration. In other words, the quditative effects are

unchanged, but the quantitative effects are stronger.

Secondly, the degree of risk averson can be an important source of heterogenety
across households.  This means that, given a postive wage differentid, a household
that is more risk averse will be more cautious about migrating than a household that is
less risk averse, even if the cost of migration or any of the other parameters

influencing migration is the same for both households.

4, Rural-rural migration and uncertainty on the wage differential

The dability of agriculturd income in the face of shocks can be an important

determinant of rurd-rurd migration. Technology may be a means of trying to ensure
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dability.  Government investment, used ether to implement new technology (for
example, the Green Revolution in India), or for the development of nonagriculturd
activities, can result in dructura changes in the rurd economy. Given that rurd-
urban flows have reached critical levels in many cities in developing countries and
that the explanation for these flows is the inter-sectord wage differentid, then
invesment in the rura area can be seen as a drategy to reduce the wage differentials
and s0 sem the rurd-urban flow. However, the effect of government investment can
not only augment wages in a rurd areg, but it may aso reduce the uncertainty of this

wage thereby prompting rurd-rurd migration flows.

Two rurd aress may yield equivaent net present vaues of expected future incomes,
but one of the areas may be characterised by a higher degree of income uncertainty
than the other. In this case, one would expect the migrant to move to the area that

offers the more stable income prospects.

This issue is andysed by consdering a neutral spread of the stochastic process of the
destination wage 2. Consider an initid stochastic process and transform it by adding
uncorrelated random noise, which has the effect of increasng the variability of the
degtination wage. The initid dedtination wage and the new dedtination wage will both
yidd the same net present vaue. However, a rationd migrant will prefer the
degtination that gives greater security in terms of future expected incomes. It is
shown that the addition of a neutra spread to the destination wage process raises the
critical threshold value of the wage differentid a which it is optima to migrate

Increased uncertainty in the dedtination wage has the effect of deaying the time a

2 The notion of neutral spread is due to Ingersoll and Ross (1992).
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which it is optima to migrate. Our andyss is conducted for a risk-neutrd migrant,
but the results from section 3 suggest tha risk averson would exacerbate the effects

of aneutral spread.

Condgder an incresse in the uncertainty associated with the wage in the dedtination
aea.  The increase in uncertainty is modelled as a neutrd sporead of the stochastic
process describing the destination wage, WP. A neutral spread can be regarded as the
dynamic extenson to stochastic processes of the mean-preserving spread for détic

random variables (the latter concept is due to Rothschild and Stiglitz, 1970). The
stochagtic process describing the dedtination wage {W° (t)},, is augmented by an
uncorrelated white noise stochastic process, {h(t)};,. The degtination wage &fter the

neutral spread becomes:

(70) W™ (t) =W (t) + h(t)

where the neutra spread is such that its expectation is equd to zero and its increments

are uncorrelated with the increments of the process WP:

(72) E[h] =0, E[dW®,dh] = 0

In order to assess the impact of the neutral spread on the decison to migrate, the vaue

to the household of having the migraion opportunity before and after the neutra

oread is computed. It is shown that a neutra spread increases the value to the

household of keeping open the option to migrate in the future.
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As in section 2, the vaue to the household of having the migration opportunity is

defined as:

(72) F=F@E" " )=F(V)

The vdue-matching condition is.

(73) F(V')=E[PV(W®)]- |

Let F,(V) bethevaue of the migration opportunity & t=0 before the spread:

(74) FO(V*) = E[PVO(VVD)] -

Let F)'(V) bethevaue of the migration opportunity a t=0 after the spread:

(75) Fo' (V") = E[PV,(W™)] - | = E[PV(W®)] + E[PV,(h)] - |

= E[PV,(WP")] - |

by (7).

Let F; be the value a time t = 0 of the opportunity to migrate a time t 3 O before the

Spread:
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0 (s)ds u

(76) F=Ele® [Pvw°)- 1)
f b

and let F be the vdue @ time t = 0 of the opportunity to migrate & any time t 3 0

before the spread:

(77) F=apF

20
Let now F{" be the value a time t = O of the opportunity to migrate a time t 3 O after

the spread:

(78) Fth =E

and let F be the value a time t = O of the opportunity to migrate & any time t 3 0

after the spread:

(79) F"=supF"

0

The following definition is made t =argmax(F,), that is F.3 F, "t3 0. It

follows that:
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N t* .
1 U
| (s)ds[ I,

= Efe PV, (W°)+PV,. (h)- 1}
f b
‘I e s)ds s)ds
_gle 0 Pv. v®)- 1]y +e0() E{PV. ()}
f b
]- G(s)ds

=Ele”  [pv.w®)- I]y
f b
(80) =F

where the second line of (80) follows from eguation (78), the third line from the
definition (70), the fourth line from the additivity property of the expectation operator,
the fifth line from the firg of conditions (71), and findly the last line follows from the

definitions (76) and (77).

Equation (80) shows that a neutra spread increases the vaue to the household of
keeping open the option to migrate in the future. It should be noted that this result
would be enhanced under risk averson. A podtive net present vaue is insufficient to
motivete migration. Crucidly, households consder the extent of uncertainty

asociated with income.
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5. Conclusons

This paper condders migration as an invesdment decison. A continuous-time
dochagtic modd is used to explain the optimd timing of migration, in the presence of
ongoing uncertainty over wage differentids.  Out-migration and return migration are
jointly explored. How the option to return to the village of origin may &ffect the
initid decison to migrate is examined. The effect of risk averson on the propensty

to migrate is analysed.

The results obtained show that households will prefer to wait before migrating even in
the presence of a postive wage differential because of the uncertainty and the sunk
coss associated with migration.  Similarly, households in the dedination area will
prefer to wait before returning to the village of origin even if the wege differentid
becomes negetive. Hence, there is a region of inertia where households do not
migrate in ether direction. The optima location of the household is dependent on
past household migration decisons, i.e, there is a hysteress effect (see Dixit, 1992).

The degree of inertiais shown to be an increasing function of cogts of migration.

Although migration has been observed to take place in the presence of smal wage
differentids, this should not be teken to imply that wage differentids are not
important. Households may be forced to migrate because of distress factors (in the
context of this mode this means that F° is reduced and, hence, V"' is lower) or they

prefer a smdl wege differentid that is perdstent to large wage differentids that are

only temporary.
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The option to migrate is ddayed under risk averson. The criticd threshold of the
wage differentia for which it is optima to migrate is rased. There is an increased
vaue in waiting than under risk neutrality. An incressed degree of risk averson
discourages migration, and interacts with the other variables and parameters affecting

migration by exacerbating their effects.

A neutra sporead of the dedtination wage is conddered.  Increased uncertainty
discourages migration into rurd aress with a less predictable income profile.  This
result can explan why some rurd aess atract a higher number of migrants than

others.

This approach has dlowed a rigorous examination of the effects of uncertainty and
risk averson on the household decison-making process. In addition, festures of
rurd-rurd migration can be andysed, which have hitherto been ignored in the
literature. The gpplication of a neutra spread can be conddered both in the rurd-rurd
context and in the rurd-urban context 3. The generdity of this modd means that

migration can be studied in different contexts.

3 See Khwaja (2000b).
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Appendix

Section 2.
Solution of equations (31) and (32), yielding solutions for A; and Co.

The determinant of the sysem is
(Al) D: blbz(\/ Hbz-]\/ Lb;-1 _ VHb1'1V|-b2'1

Using Cramer’srule,

b VHb2-1
2

(A2) Ai —_rv rv:

B VHb2 _ VLbz
- I’bl(\/ EVENRVLY, Lbz)

1
L
(A3) c,=lV

L1 )
blvall' rVH bleb 1

D

VHb1 _ VLbl
- rb,(V Hbz\ /by _ \/Hbiyy Lbz)

Taylor expansion of equation (43).

Write equation (43) as

(A4) L(2) = R(2)

where

(AS) L(2)=L(2+L,(29

(AB) L,(2)=2(b, - b,)>anh( zb,)>anh( zb,)
(A7) L,(2) =-2b,b,z>anN( z(b, - b,))

(A8) R(z) =-rb,b, >anh( z(b, - b,)) Xl + E)

Compute Taylor's expansion about the point z=0:
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(A9)

2 3 4

L(2) = L,(0)+ L,(0)z+ L'i(O)Z?+ L, (O)%+ L, (0)%+...

and gmilaly for L,(z), R(z). Note that

(A10)
(A11)
(A12)

(A13)

(A14)

(A15)

(A16)

(A7)

(A18)
(A19)
(A20)
(A21)

(A22)

L,(0)=0
L,(2) = 2(b, - b,)[b,cosh( zb,)snh( zb,)+ b, snh( zb,) cosh( zb,)]
L,(0)=0
L,(2) = 2(b, - b,)[b2snh( zb,)sn( zb,) + b,b, cosh( zb, ) cosh(zb, )

+b,b, cosh(zb, ) cosh( zb,) + b 2 snh( zb,,) Sh( b, )]
=2(b, - b,)[b2srh( zb,)snh( 2b,) +2b,b,, cosh( zb,) cosh( 2b,)
+bZsnh( zb,)snh( zb,)]
L,(0) = 4b,b, (b, - b,)
Li(2) = 2(b, - b,)[b? cosh(zb,)sinh( zb,) +3b,b2 snh( zb,,) cosh( zb,)
+3b.2b,, cosh( 2b,)sirh( zb, )+ b2 sirh( b ,) cosh( b, )]
L(0)=0
L (2)=2(b, - b,)[b% sinh( zb,)sinh( zb,) +4b,b? cosh( zb ,) cosh( zb, )
+6b2b2dnh( zb,)sinh( zb,) +4b b, cosh( zb,) cosh(zb,)
+b,' snh( 2b,)sn( zb,)]
L} (0) =8(b, - b,)b,b,(b? +b2)
L,(0) =0
L,(2) =-2b,b,[snh( z(b, - b,)) + z>cosh(z(b, - b,))Xb, - b,)]
L,(0) =0
L,(2) =- 2b,b,[cosh( 2(b,, - b)) X(b, - b,) + cosh(z(b, - b)) xb, - b))

+z>a@nh( z(b, - b)) X b, - b,)?]
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(A23)

(A24)

an(o) =-4b,b,(b,-b)

Lz(z) =-2b,b,(b,-b)[29nm( z(b, - b,)) X(b, - b,) +snh( z(b, - b,)) b, - b,)

(A25)

(A26)

(A27)
(A28)
(A29)
(A30)
(A31)
(A32)
(A33)
(A34)
(A35)

(A36)

+zx00sh(2(b, - b)) (b, - b )?]

L,(0) =0
L, (2) =-2b,b, (b, - b)2[3cosh( z(b, - b ) X(b, - b,)

+cosh( z(b, - b)) Xb, - b,) +sn( z(b, - b ) X(b, - b )?]
L; (0)=-8b,b,(b,-b)?
R(0)=0
R(2)=-rb,b,(I +E)(b, - b,)>cosh(z(b, - b,))
R(0)=-rb,b,(I +E)(b, - b,)
R'(2) =-rb,b,(1 +E)(b, - b,)?>sn( z(b, - b,))
R"(0)=0
R"(2)=-rb,b,(I +E)(b, - b,)*xcosh(z(b, - b,))
R"(0)=-rb,b,(I +E)(b, - b,)°
R"(2) =-rb,b,(I +E)(b, - b,)*>€n( z(b, - b,))

R"(0)=0

The Taylor expansion up to the 4th order takes the form:

(A37)

1

S(0, bbb, (b7 +b3)2* - (b, - b,)b,b,2" =

é z°
=-rb,b,(b, - b)(I + E)é“g(bz - b))%
é

C>% c

The solution z =0 would not be acceptable, snce it would contradict (29) and (30)
(unlessI=E=0). Divide (A37) by b,b,(b,- b,)z:
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z 2 AN
(%) S0 +bHZ - (b, b)' =1+ DA+ (b, - by
e u

Rearrange to obtain:

2, [ +E)b,- b)) o Sr(1+E) _ o

(A39)
4b.b, 2b,b,
Let
(A40) y:Z+r(I+E)(b2_ b1)2
12b.b,
Then the cubic equation becomes:
(A41) y’+py+q=0
where
(A42) p:_ r2(| +E)2(b2- b1)4
48b72b 2
r’d +E)%(b,- b,)® 3r(l +E)
(A43) = L+

864b.’b > 2b.b,
The discriminant of (A41) is defined as (Kurosh, 1977, chapter 9):
(A44) D =4p®- 279°

_ 243*(+E)® 9r'(1+E)(b,- b)°
4b?b? 32 b/bj

<0

Since D<0, the cubic equation has one real root and two complex conjugate roots. Let

(A45) a:s_ﬂ+ _B
2 108

_5. d D

A46 =3- 2~ |- —
(A40) J 2 108

Thered root foryis
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(A47)

y=a+g

The redl root for z can therefore be written as;

(A48)

where

(A49)

(A50)

(A51)

Zz%/hlg"'hz"'hs +%/h13+h2' h, +h >0

h =

h,

3

_ r(l +E)(b2 - b1)2

>0

12b,b,

_3rbiby(1+E)

0

4b b’

_r( +E)
96b.’b >

|/648+3r%(1 +E)%(b, - b,)® >0
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