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We formulate a regional economy model to analyze the recovery process of an affected region of natural
disasters in developing countries. With a focus on a role of migrant workers and intensive demand for
residential houses and households assets, the two-region-two-sector model is set up, which is composed of
an affected rural region and an unaffected urban region, and the composite goods sector and the physical
assets sector. Moreover, we incorporate a structure of social network model into the model, which represents
the strength of the social ties among households in community, on which we formulate community work
in the affected region and the function of informal mutual insurance.
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1. INTRODUCTION

Despite the importance of macroscale evaluation
of economic impact of disaster, we sometimes fail to
grasp seriousness of local damage by applying macroe-
conomic model of the national level due to several
problems such as movement of factors of production
from an affected region to unaffected regions whose
increase in production partially cancels out decrease
in production in the affected region that actually suf-
fers from disaster for a long time. Moreover, we tend
to guess that disasters in affected regions could ac-
celerate rural-urban migration that undergoes even at
normal times, and make the region more depopulated
and regional economy further declined.

However, contrary to the intuition, it has been re-
ported in previous studies that the economic process
that affected regions actually follow varies a great deal;
it even includes a case of increase in population. For
example, in Indonesia, after the Sumatra offing earth-
quake in 2004, there were some cases where repeated
natural disasters in Indonesia prompted inhabitants
to remain in their original region and suppressed the
transference action of households to outside regions®.
Tse (2011) points out the following three reasons: 1) a
rise in marginal labor productivity as well as increased

demand of labor for reconstruction of destroyed infras-

tructure and houses in the affected area, 2) a decrease
in financial resources to support emigration, and 3)
the existence of mutual insurance and social ties that

are further strengthened by disaster®).

To the knowledge of the authors, few studies have
analyzed the disaster recovery process at the regional
level using an equilibrium model. This study formu-
lates a two-region-two-sector model with social net-
work structure to investigate an equilibrium with mi-
gration, and intends to provide a potential framework

for future quantitative analysis with data.

2. MODEL

(1) Two regions and two sectors

The modeled economy consists of two regions and
two sectors where Region 1 has just been affected by
a natural disaster while Region 2 represents an urban
region that is large and unaffected by the disaster.
There are N households in Region 1, and each house-
hold, indexed by i(=1,...,N), is endowed with labor

L; and asset a;.

Two sectors are composed of Sector A and Sector
B; Sector A produces composite goods that include
foods, non-durable goods and services while Sector

B produces physical assets and capital goods such as
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Fig.1 Mutual insurance

houses, household assets, and facilities for production.
Goods that are produced by Sector A will be termed
by 7 A-goods” or ”composite goods” for convenience
hereafter, and goods that are produced by Sector B,
” B-goods” or "physical assets”. A market of A-goods
is open without any transportation cost between the
two regions, and since Region 2 is assumed to be large,
its price is one in any case. Moreover, we assume that
Sector A in Region 1 is associated with risk of labor
productivity related with epidemics, weather, sudden
changes in technologies and global standards, and so
forth. On the other hand, a market of B-goods is
closed in Region 1, and its price, p, is endogenously de-
termined. We assume for analytical convenience that

Sector B is not faced with any risk.

(2) Mutual insurance and community work

Mutual help in communities of Region 1 after dis-
aster® is formulated in the model by an informal mu-
tual insurance system on social network as follows;
the insurance provides mutual assistance, such as the
distribution and sharing of water, foods, and essen-
tial goods®, which takes an effect only once after a
disaster. The community network in Region 1 is de-
noted by the adjacency matrix g whose components
are represented by g;; (4,7 = 1,---, N). By definition,
household i and j are directly connected if and only if
gi; = 1; otherwise, g;; = 07). The matrix is symmet-
ric meaning that g;; = 1(0) goes with g;; = 1(0). By
convention, g;; = 0. Now, we introduce a variable n;
that is a stock of goods that can be shared with other
households in a community. Fig.1 illustrates the mu-
tual insurance system in a community. Suppose that
there are six households, i = 1, - - -, 6, and two clusters;
Cluster 1 (k = 1) is composed of {1, 2,3}, and Clus-
ter 2 (k = 2), {1,4,5}. In Cluster 1, Household 1,2,3
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determine that each household provides two units of
a stock of composite goods to their insurance pool to
share six units among the three households. On the
other hand, Cluster 2 takes the same system with four
units of provision by each household. Suppose further
that disaster destroys their stocks and the red-colored
numbers of units are left; Household 1 who had six
units in total lost three units and keeps three units
for example. Cluster 1 now has three units in total;
Household 1,2,3 own 1,0,2 respectively. Then they re-
allocate those three units among themselves equally to
consume one unit for each household as is indicated in
green color. Likewise, in Cluster 2, the goods left after
disaster is 2+4+4+4-3=9 in total (indicated in red color),
which are reallocated among Household 1,4,5 so that
each of them has three units (indicated in green color).
In this way, Household 1, who decreased its stock to
three units once, is compensated by the mutual insur-

ance system to eventually have four units.

Moreover, a community is able to produce the two
kinds of goods by itself. Households have an option
to allocate their labor to community work whose pro-
ductivity depends on strength of their social ties in a

community.

3. EQUILIBRIUM CONDITIONS

(1) Firms’ problem
Technology of firms in Sector A is represented by

Cobb-Douglas production function with inputs of la-
bor, capital, and land. Assuming that land is a fixed
factor, we standardize the size of land to be one. The

production function is given by

FA(Al,AQ,LA,KA) = AlLileQ + AsLy (1&)
where Ay = Ay - (1+¢) (1b)
E[e] =0, Var[e] =o? (1c)

where L4 is labor, and K4, capital. «a; and ag are
share parameters of the Cobb-Douglas function satis-
fying 0 < a1 + @ < 1. The production technology is
homogeneous of degree one in labor, capital, and land.
A; and A, are parameters of productivity, and As is
a ramdom variable given by Eq.(1b), where A, is the
expected value of As, and ¢ is a random variable with

mean, zero, and variance, o2.

Considering that price of Good-A is one, contingent

profit of a representative firm of Sector A is repre-
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sented by
Iy = {AILY K + Ay(1+e)La}—{wiaLla +7Ka},
(2)
where wi 4 is the wage rate in Sector A, and r is the
interest rate. Since capital market is assumed to be
open to Region B that is large, and productivity of
capital is not stochastic, r is exogenously given, while
w14 is determined as a market equilibrium. Assum-
ing that the firm maximizes the expected profit, I 4,
before the value of € is determined, the optimization

problem is represented by

Lma}g( My = {AlLilK‘zZ +A2LA}—{’(I}1ALA +7rKa},
a,Ka
(3)

where w1 4 is the expected wage rate in Sector A that

satisfies
(4)

From the first-order optimal conditions with respect

wig = (14 ¢)wra.

to L4 and K 4, we obtain

Ly (wya,7)

@ ) ) e

KZ(wlAv T)

@) () )

and the optimal level of the production of A-Goods,
Y (w14, ¢), and the maximized profit IT% (w14) as

follows;

Y; (wIAa T, 5)

() (o))
wasofa () (w2 T}

(6a)

HZ (wlAa 7")
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where 31 and [y are parameters that satisfy 0 < 81 +
B2 < 1, and By is the total factor productivity.

Assuming that a representative firm in Sector B is
not faced with risks, its problem is given by profit-
maximization problem like

max g = pBoL% K% — {wipLp +rKg}, (8)
Lp,Kp

where w; g is the wage rate. From the first-order con-
ditions, the optimal demands of labor and capital are
introduced like

B2
1-82 1—-B1—B2

(&) ™ wB0)%s

L*B(wlB7r) = r )
(9a)
B1
1;& . 1—B1— B2
(€2> " (pBo)Pi By
KE(wlByr) = w1 )
(9b)

respectively, and the optimal level of the production,
Yi(wip,r), and the maximized profit, Iy (wig,7),

are derived as follows;

Yi(wip,7) 1

_ {pﬁ1+5230 <w5113)51 (%)BQ}M, (10a)
T (wip,7) 1

— (1= 81— Bo) {pBo (ffB)B (%)B}B |

(10b)

The above profit is divided equally among households
in Region 1 like 75 (w1, r) = IIy /N where 75 repre-
sents the dividend of the profit to each household.

(2) Communities’ problem

a A1) T—a; —ay
=1-a; —ag) {Al (%) ’ (al_> } . Suppose that the productivity of household ¢ in
r wi1A — A2

(6b)

The profit of Sector A is divided equally among house-
holds in Region 1, that is, 7% (w14, r) = II* /N where
7% represents the dividend of the profit to each house-
hold, which is incorporated into its income.

The production function of Sector B is assumed to
be a Cobb-Douglas function with labor Lp, capital
Kp and land whose size is one as follows;

Fp(Bo,Lp,Kp) = BoLj K77, (7)

community work, z3;, depends on the amount of la-
bor it allocates, l3;, and how it is involved into the
social network of the community such like

N
1
z3i(l3i) = —§Ciz(xi)l§i + 0. Zgijl?)ilBja

j=1

(11)

where C;,(x;) is the transportation cost to work-site
that depends on its geographical location x;%), and
0;. is household i’s strength in social ties with the

community.
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Production functions of community work for pro-

ducing A-goods and B-goods are given by

F§(Za) = A°Z), (12a)
FS(Z5) = B2y, (12b)

where Z4 (Zp) is the effective labor input for pro-
ducing A-goods (B-goods) that is given by sum of z3;
allocated to production of A-goods (B-goods). v; and
~9 are parameters satisfying 0 < 73 < 1, 0 < 72 < 1.
A® and B¢ are parameters representing the produc-
tivity of community work in each sector.

Let Y{ and Y§ be A-goods and B-goods that are
produced by community work, respectively, and ws is
the wage rate for one unit of z3; for each community
work. The profit maximization problem of the com-

munity is represented by

max o =Y +pY§ —w3(Za + Zp) (13)

ZaA,ZB
From the first-order conditions, demands of the effec-

tive labor are introduced like

1
AC ey
Z4(p,ws) = (71103 ) , (14a)
1
BC FE——
ZE(p,wa)(m;s ) : (14b)

The optimal levels of the production, Y{ (p,ws) and
Y§ (p,w3), are given by

c Cc* cfmn T
YA*(p>w3):FA (ZE)Z{A () } )

w3
(15a)
1
x 72 T
8" (o) = 15 (25) = {50 (22) T}
w3
(15b)
The optimal profit, 1If,, is given by
1
APy \ T ws(1+ )
I17 = _
R e
B¢ = w3 (1l —
w3 V2

The profit of the community work is divided equally
among the households as 7§ (p, ws) = II§/N that is
the optimal profit per household, which is included in

household income.

(3) Households’ problem

Total labor of household i, L;, is allocated into four
types of labor: Sector A, l1 44, Sector B, l1p;, Region
2, ly;, and community work, [3;, namely the following

equation holds;

liai +lipi +log + 133 = L. (17)
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We suppose that household i consumes the composite
goods that include the initial endowment, Cy;, which
is determined after redistribution based on the mu-
tual insurance system after a disaster as well as the
physical assets, hg; + h;, where hg; is remaining phys-
ical assets and h; is purchased after disaster. hg; is a
parameter in the model where the larger its value is,
the less damage its house takes from disaster. We also
assume that household ¢ has financial assets, a;, and
deposits all of the assets in a bank.

Households gain utility by consuming the compos-
ite goods and the physical assets; utility function is

assumed to be the Cobb-Douglas function as follows:
w(Coi + Cy, hoi + hi) = (Coi+ Ci)? (hoi + hi)' =7, (18)

where 0 is a parameter satisfying 0 < § < 1. Income
of household i, m;, and its expected value, m;, are

given by

m; = wialiai +ma +wilip: + 7B

+wszi(l3i) + 7o + wale; +7a;,  (19a)
m; = Wialiai + 74 +wigligi + 7B
+’LU3Zi(l3i) + 7o + wals; + ra; (lgb)

Therefore deviation from the mean is represented by
Am; =m; —m; =€ - Wialia; := M (20)

We further assume that households sign an insur-
ance contract with an insurance company that locates
in Region 2 to hedge the risk of wage of Sector A.
The risk premium of this insurance, which is often
termed by ”additional loading” included in insurance
premium, is assumed to be an increasing function of
the variance of the income change. Considering that
the variance of the risk, ¢, is 02, the risk premium, €,

is assumed to be like

Qi = gE[(AmZ)Q] = gU2M12. (21)

The utility maximization problem of household 7 is

represented as follows;

max  u(Co; + Cs, hoi + hy)

= (Co;i + C3)? (hoi + hy)'~° (22a)

subject to C; +ph; =9 - (m; — ), (22b)

liai +lipi +loi + 13 = Ly, (22¢)

where 1) is the ratio of expenditure to income that is
given as a constant parameter. Namely, (1—1)-(m; —

Q;) is saving for the next period. Lagrangian for the

problem is represented by

L = (Coi + C;)?(ho; + hy)* 0
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+Ai{y(m; — Q) — C; — phi}
+Ao(Ls — lias — lipi — loi — 134), (23)

where \; and A, are the Lagrange multipliers. First-

order conditions are introduced as follows;

oL
=0(Coi + C)0 Y hoi + hi)' P — X\ =0, (24a)
ac;
oL ) iy
v (1 =60)(Coi + C;)" (hoi + hi)~7 — Aip = 0(24b)
oL _ 9n .
= )\11/)(11)1A — 50’ lelA) — /\2 = O, (24C)
Oly A
0L _ MYwip — A2 =0, (24d)
alle
0L _ \tbws — Aa =0, (24e)
oL S )\111)1032%”37,) - )\2 =0. (24f)
Ols;
Transforming the above conditions, we have
0
Ci(p) = ;4P hoi + hi) = Coi, (25a)
1_g\'?
= (20) (251)
w1Bp = Wy, (25C)

1-6
No(ws) = Aty = 16 <1pa> ws, (25d)

N — wo
02 ijl gijlgj ~ ws

lgi(wg,w;g) = C. ($) 5 (256)
w
'lz)lA('LUQ,Ml) = m (25f)

Note that the wage rate in Region 2, ws, is exoge-
nously given. Since Sector B in Region 1 is free of
risk, its wage rate, wip, is made equal to ws, and the
allocation of labor in Sector B in Region 1 and that

in Region 2 become indifferent. Therefore, we define
lyi(liaisl3i) == lipi +loi = Li — liai — 3. (26)

In Eq.(25¢), we suppose that household i determines
the allocation of community work labor in the current
period considering the community work labor of other
households in the previous period, I3

From M (w14,l14:) = W14l14; and Eq.(25f), we ob-
tain

) 1+ V1 — 4l 4007wy

= . 2
wia 211 4;002 27)

Demand of the physical assets, h;, satisfies
1-6
h; = Y {0 (M1 + 74 + wals; + 75 + wsz(l3;)

+7T0+7"a7;—20'2M12) +OO7,} —ehoz'. (28)
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(4) Market clearing condition
The market clearing condition of the composite
goods provided by firms of Sector A is given by

ZC

equwadently7
N

Z{lﬁe (hoi + hi) — co,}

i=1

g\ o2 oy ) o =ag
= A _ —_—
{ 1(7’) (’LZ}lA—AQ) }
1—ay) T=a1=a3
— [e% a2 6%
+A2(1+5){A1 (%) (M) }
7\ ™" =
+Y£+{AC <> } . (30)
w3

Secondly, the market clearing condition of the phys-

= Yi(wia,me) + Y]+ Y (p,ws),(29)

ical assets in Sector B is as follows:

Zh

=Y (wip,r) + Y§* (p,ws)

B ) TR P
_ B1+PB2 ﬁ @
o ()" (2)7]
+ {BC (fﬂ”j)w} _ (31)

Supply and demand of labor in Sector A are balanced

as follows;

N
Z lia; = L (w14)

=1
g 2 o l—ay) a1 —a3
:{““(r) () } |
(32)

Finally, supply and demand of labor of community

work must be balanced as fOHOWS’

Zz& (15,(ws)), (33)

ZA(pa w3) + ZB p, ’LU3

equivalently,
(71AC) <p7230>
_|_
w3 w3
N
Z D)3, + 05z Y gijlsilsj o (34)
i=1 j=1

(5) Summary of numerical simulation

Based on the conditions of market equilibrium
above, we conducted numerical simulation, and fig-
ured out an impact of each environmental factor on
disaster recovery process by the comparative statics.

Details of results of numerical simulation are to be
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reported in the conference. As a summary, under a
certain set of parameters, we found that 1) if the so-
cial ties in the community are strong, the amount of
labor that households engage in the community work
increases, and then, the outflow of labor to Region
2 is decreased and the reconstruction of the affected
region gets accelerated, 2) if the damage to the phys-
ical assets is large, the market price of the physical
assets increases because of an increase in recovery de-
mand for reconstruction, resulting in an increase of
the Gross Regional Products (GRP). On the other
hand, 3) if industries are damaged by a disaster and
their productivity decreases, they cannot employ large
amount of labor and the economic recovery stagnates
due to the outflow of labor, and then, physical as-
sets such as residential houses stay unreconstructed
for a long time. By the comparative statics, we ob-
tained some results that were consistent with phenom-
ena that were reported in previous studies. Finally, as
a policy implication regarding countermeasures that
should be promoted for resiliency of regional economys;
1) transportation service should be provided so that
migrant workers can easily return to their home town
when it is damaged by disaster, 2) the regional risk of
industries should be shared and diversified by firms in
a region to mitigate households’ migration behaviors
that intend risk diversification at household’s level,
3) disaster preventive investment in infrastructure for

production should be provided at sufficient level.

4. CONCLUSION

This study formulated the simple mathematical
model that can describe both recovery and decline pro-
cess with a focus on rural-urban labor migration, and

then, analyzed the influence of various factors of a
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regional economy on the disaster reconstruction by the
numerical simulation. It was figured out that parame-
ters related to a social community network give a cru-
cial impact on the economic resiliency of the affected
region.

The future tasks of the study are to include 1)
the subsistence constraint of households in the model,
which will make a role of the mutual insurance sys-
tem more effective, 2) expansion of the model into the
dynamic one where we analyze the changing process
of economy of the affected region and obtain some
insight on phenomena caused by the appearance or
disappearance of links of social network, and 3) cali-
bration of parameters with real data so that the model
can re-create what really happened in some affected

region in the past.

REFERENCES

1) Gignoux, J., and Menendez, M. : Benefit in the wake
of disaster: Long-run effects of earthquakes on wel-
fare in rural Indonesia, Journal of Development Eco-
nomsics, 2015.

2) Gray, C., Frankenberg, E., Gillespie, T., Sumantri,
C., and Thomas, D. : Population Displacement and
Mobility in Sumatra after the Tsunami, 2009.

3) Tse, C. W. : Do Natural Disasters Really Lead to
More Migration? Evidence from Indonesia, 2011.

4) Bardhan, P. and Udry, C. : Development microeco-
nomics, Oxford University Press, 1999.

5) Zhang, S. and Yokomatsu, M. : Disaster Risk and Ef-
fect of Informal Insurance on Human Capital Forma-
tion in Rural Areas of Developing Countries. IDRiM
Journal, 4(2), pp. 119-141, 2014.

6) Sawada, Y.: The impact of natural and manmade dis-
asters on household welfare, Agricultural Economics,
37(s1), pp. 59-73, 2007.

7) Jackson, M. O. : Social and Economic Networks (Vol.
3), pp. 20-29, Princeton university press, 2008.

8) Helsley, R. W., and Zenou, Y. : Social networks and
interactions in cities, Journal of Economic Theory,
150, pp. 426-466, 2014.

3157



