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Abstract “ Disaster and povertyhas become one of the main topics of global development for decades.
Nowadays, in the rural areas of many developing countries, farmers’ fate is still decided by natural con-
ditions. They have little savings and little access to financial services. Obviously, they are extremely
vulnerable to natural disasters like droughts, floods, typhoons and earthquakes. Many methodologies
dealing with poverty in developing countries have been investigated concerning a variety of aspects.
However, few of these studies focus on human capital. Recognizing the importance of human capi-
tal in agricultural activity, this paper develops a methodology to analyze the human capital formation
under disaster risk in rural areas of developing countries. Taking intergenerational externalities into con-
sideration, this paper builds a three-period overlapping generations model. It is assumed that after the
occurrence of a disaster, farmers are forced to leave rural areas if they cannot get enough food from their
harvest to survive. In rural areas where no insurance is provided by the financial sector, farmers need
to identify economic means to support themselves and their families after a disaster. Thus, they need to
seek informal insurance. In order to understand the effect of these informal insurance mechanisms on
the formation of human capital as well as migration from rural areas, Quasi-Credit contracts and saving
of livestock are considered in the latter part of the paper. Findings in this paper show that farmers are
exposed to the risk of migration without informal insurance and the existence of a vicious circle between
low human capital and little human capital investment is confirmed. Moreover, Quasi-Credit contracts
could prevent large-scale migration but could reduce the incentive to invest in human capital at the same
time. However, within a certain range, saving of livestock may be effective to reduce migration and raise
the human capital investment as well.
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1. INTRODUCTION

“ Disaster and povertyhas been one of the main topics of global development for decades. Especially
for people whose livelihoods depend on the weather conditions, disaster is the primary cause of poverty.
One notable feature of the poor is that they have little savings and little access to financial services. Since
savings and loans have insurance functions, not having these makes the farmers extremely vulnerable to
natural disasters. Nowadays, in rural areas of many developing countries, farmers have to feed themselves
and their families with their own harvest. In years when weather conditions are favorable, most farmers
can get enough food for survival. However, since monetary systems are not yet developed in these areas,
people have no deposit in the bank. So, if they fail to get enough food after a disaster, they are under
threat of starvation. In this case, they have to move to the urban areas and work there as unskilled labor
with low wages in order to make a living.

In spite of the fact that agriculture is vulnerable to disaster and that rural-urban migration has become
a common social phenomenon in developing countries, large-scale migration has not been observed as
a consequence of disaster. Therefore, the hypothesis holds that informal insurance plays an important
role in preventing the outflow of rural population. For example, it is very common that households in the
same community help each other by providing interest-free loans or labor. Itis the idea "I help you today
because | expect you to help me tomorrow”(Posher, R. A. 1980) that makes such kind of tacit agreement
possible. This system is called "Quasi-Credit” by Platteau and Abraham(1987). The buying and selling
of livestock is another informal insurance mechanism. If the harvest is good enough, households tend
to keep some livestock. In case of bad years, they can still survive a poor harvest by selling or eating
the livestock. In this way, households are able to share the risks intertemporally. The two mechanisms
above are playing a role of risk sharing but neither of them is provided formally. In this sense, they are
called "Informal Insurance”. Obviously, various kinds of informal insurance have restrained migration
after disasters effectively. However, it might have some negative effects on the development of rural
communities as well. Concretely, farmers may be satisfied with their current situations, and thus, may be
less motivated to make technological developments or breed improvements.

Many methodologies dealing with such kind of mechanisms in developing countries have been in-
vestigated concerning various aspects. Devereux (2001) argues that keeping livestock and mutual help
are special kinds of insurance mechanisms to deal with the vulnerability and uncertainty of agricultural
production. He also points out these spontaneous countermeasures may lower the efficiency of agricul-
tural production. Plateau and Abraham (1987) analyze the characteristics and functions of Quasi-Credit
contracts. Kurosaki and Sawada (1999) prove that mutual insurance plays an important role in smooth-
ing consumption in rural areas in developing countries through an empirical study in Pakistan. As they
point out, mutual insurance does help with idiosyncratic shocks within the community but does not help
with collective shocks. In addition, Vidal (1997) discusses the impact that migration has on formation
of human capital. Vidal proposes that human capital level is determined by human investment of indi-
viduals and is influenced by intergenerational externalities. Human investment such as education and
training about agriculture is analyzed by Alam (2009) and Rodgers (1994). Moreover, Huffman (2001)
points out that analysis of development of rural areas focusing on human investment should be based on
a three-period model.

Although the existence of informal insurance in rural areas is confirmed in previous empirical re-
search, its relation with development and migration has not been discussed. This research aims to analyze
the effect of informal insurance on formation of human capital and migration. In this study, Quasi-Credit
and livestock are considered as informal insurance which are used in rural communities as countermea-
sures to natural disasters and poor harvest. Human capital is considered as the productivity of agricultural
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production,which is an indicator of rural society. This study analyzes various paths of development of
rural areas and the effects that informal insurance has on formation of human capital and migration. The
most challenging assumption in this study is that a minimum consumption level is introduced. This means
that the choice a farmer has after a disaster is not a problem of preference, but a matter of survival. An-
other characteristic of this study is that intergenerational externalities are taken into consideration as a key
point of human capital development in developing countries. In this study, behavior of a representative
household is analyzed.

This paper is organized as follows. The next chapter builds a three-period overlapping generations
model to discuss the optimal behavior of a household and shows the formation of human capital when
informal insurance does not exist. Chapter 3 and 4 analyze the optimal behavior of a household when
Quasi-Credit or livestock exists, and thus make the role of informal insurance clear. The last chapter
concludes the main findings of this study.

2. HUMAN CAPITAL GROWTH WITHOUT INFORMAL INSURANCE

2.1. The Assumptions

Think about a typical household living in a rural area. This household may consist of grandparents,
parents and children. To simplify, we assume that there are three generations: a grandfather, father and
son. The interactions between generations are considered by using a three-period overlapping generations
model. In the model, individuals live for three periods. In the 1st period of life, they are referred to as the
Young. In the 2nd period of life, they are referred to as the Adult. And in the 3rd period of life, they are
referred to as the Old. In the 1st period, individuals learn agricultural skills and knowledge by actually
helping their parents with the farming activity. This builds human capital. The effort to learn, which
usually means a decrease in leisure time for hard work, is called human investmehe subscript
t means the individual is th&h generation. According te;, individual’s human capital is formed as
follows,

ht=1+hfflz§“ <a<1,0<p<1). (1)

The equation indicates that the human capital of generat®influenced by the human capital of the pre-
vious generation, which exactly shows the intergenerational externalities (Vidal, 1997). The overlapping
generations model is a dynamic model with generality. The intergenerational externalities are essential
factors in the development of rural areas. We assume that the basic human capital, when no effort is
invested, is 1. This is because an individual is able to do the agricultural production to some extent even
without specific skills or knowledge. This kind of productivity such as labor is described as the basic
level of human capital in this model. Note thatand S represents the effect of human investment and

the intergenerational externalities, respectively. When an individual moves to an urban area, he brings
his son with him and leaves his father in the rural area. Thus the inheritance of agricultural technique is
terminated.

The agricultural production function is defined as the product of land size and human capital. For
a household, land size is fixed to 1, and human capitaf an individual who is in his 2nd period is
applied to production. Disastérmay bring a decrease in the harvest. Therefore, the eventual harvest of
an individual after disaster is given as- 1 — 6. Here, we assume that all the other members in the family
gain equal amount of harvest, since the results would not change even if the way of division is changed.
Disaster is a random viable in range [0,1], and follows a uniform distributfof) = 1(0 < 6 < 1). Itis
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alsoassumed for simplicity that individuals are perfectly selfish and the parent has no altruistic preference
to his son.

Utility is used to measure the welfare of an individual. By consuming the harvest, an individual gets
a positive utility equal to the difference between harvgstl — § and minimum consumption. Minimum
consumption means the lowest level of consumption for survival. For individuals who are in their 1st and
2nd period, the minimum consumption is 1 unit. Utility at minimum consumption is normalized to O,
and any consumption over the minimum could generate a positive utility. In addition, since neither study
nor work is carried out and less energy is consumed in the 3rd period of life, the minimum consumption
in the 3rd period is thought to be 0. If an individual moved out, he is supposed to work as an unskilled
worker in an urban area and only a small amount of wage equal to the minimum consumption level is
obtained. Therefore, the utility at this time is equal to 0. On the other hand, human investment, i.e.,
efforts, will bring a disutility, called the cost of human investment. Since human investment shows the
effort an individual makes and not a consumption of harvest, it is necessary to separate it from the utility
gained from the harvest. Therefore, the utility for an individual is the sum of the utility and the disutility.
Moreover, households are supposed to be risk-neutral.

It is assumed that an individual has a 2-period planning horizon and is able to make his decision
according to his current and next period’s state. That is, an individual can consider one step further but
only one. Therefore, the discount factor is 1 for the next period and 0 for the two periods later. In this
chapter, since an individual's decision-making problem poses only a human investment problem of the
1st period, the calculation related to the 3rd period is not performed. In Chapter 4, the case considering
the 3rd period is treated.

15t period 2" period 3" period

Live with his son

I

i

i |

i : & harvest

i Harvest i :

: : Alone in rural
! Human !

Human ; ) ) : area &no harvest
. capital Disaster !
investment

i
formation \ '
Move out SN No work to

& work support life

Figure 1. Sequence of events

The sequence of events is shown in Fig. 1. We assume that information on disaster risk is available to
the public in advance. During the 1st period, an individual determines his human investment level, taking
risks into consideration. Human capital is formed at the beginning of the 2nd period, and a disaster occurs
after that. Then, harvest can be estimated according to the vakueaoidd. The only requirement for
an individual to remain in a rural area is that the harvest is greater than the minimum consumption level.
Therefore, when the estimated harvest is more than 1, an individual stays in the rural areas. Otherwise,
instead of harvesting, he has to move out to an urban area accompanied by his son. If the individual
manages to harvest and remains in the rural area in the 2nd period, he turns agricultural production over
to his son in the 3rd period. In this period, the utility of an individual depends on the harvest of his son.
If his son can harvest after disaster, the individual gets - 1 — 6 for consumption. However, if his son
fails to harvest and moves out, the individual is left alone with no consumption and 0O utility. On the other
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hand,for those who move out in their 2nd period, the consumption and utility in the 3rd period can be
assumed to be 0, since they are not able to work physically.

2.2. The Accumulation Path of Human Capital

First, think about the response to a disaster in the 2nd period. When the disastatodlly occurs,
the response of the Adult is as follows,

hi—0>1<60<60(h):=h—1 =  Stay

_ 2
0>0(hy) = Leave

6(h;) is called critical disaster level. A critical disaster level serves as a function of human-capital level.
The household’s response is shown in Fig. 2. In Fig. 2, the height of the shaded segment expresses an
individual’s utility of consumption in his 2nd period after ea¢hFrom the assumption of the uniform
distribution of 8, the area of the shaded segment expresses the expected utility of consumption when
human capital i%;. If h; is larger than 2,the individual can remain in the rural area for sure , as shown in
Fig. 2(b).

harvest harvest

9 0 Stay <—]‘_ 0

(b) he>2

Stay <—g—>Leavel
(@ he<2
Figure 2. Relation between disaster and harvest
Now, consider the decision-making problem in the 1st period. The 1st period is the time to determine
human investment according to disaster risks. The expense of human investiseagsumed to be?.

Here, it is necessary to consider two caggss 2 andh; > 2, separately. Note that the utility of the 3rd
period is not considered because of the assumption of a 2-period planning horizon.

l) he <2

0(ht)
Zt 0

whereh; = h(z;) satisfies Equation (1).

Solving the first order condition, we get the optimal human investment

_1
Z:(ht—l) = <§) o htl:fﬂ (4)
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which is a function of the human capital of the previous generation. Substituting the optimal human
investment; (h;—1) into Equation (1) yields

. * o\, o
B (1) = 1+ B () = 14 (5) 77 S (5)
which isalso a function of the human capital of the previous generation. As long as the individual behaves
rationally, z; (h;—1) andh; (h;—1) have unique solutions for arty_;. Note thath; (h,—1) might be either
a convex function or a concave function/ef_;.
s >1 & «a+8>1 = corvex function
1—« (6)
a+ (3 <1 = concave function

In other words, if the sum of the effect of the human investmeand the impact of the intergenerational
externalitiess is larger(or smaller) than & (h,—1) is a convex(or concave) function bf_;.

2) hy > 2

1
max BU — / (he—0—1)- F(0)d0 — 22, 7)
zZt 0

whereh; = hy(z;) satisfies Equation (1). Equation (7) has a wider integration range than Equation (3).
This means that wheh; > 2, the marginal utility of the human investment is larger than that in the
previous case.

Solving the first order condition, we get the optimal human investment

1
* QN 2—a -«
)= (5)7 h ®)
which is a function of the human capital of the previous generation. Substituting the optimal human
investment; (h;—1) into Equation (1) yields

‘ B o a\ 27, s
hy (ht—l) =1+ htﬂzt (ht—l) =1+ (5) htfl ) €)
which isalso a function of the human capital of the previous generation. As long as the individual behaves
rationally, z; (h;—1) andh; (h;—1) have unique solutions for arty_;. Note thath; (h,—1) might be either
a convex function or a concave function/ef_;.

203 )
>1 & «a+208>2 = convex function
2—« p (10)

o+ 208 <2 = concave function

In other words, if the sum of the effect of the human investmeand twice of the impact of the inter-
generational externalitie$ is larger(or smaller) than & (h;—1) is a convex (or concave) function of
ht—l-

Comparing 1) with 2), it is easy to find that optimal human investment is in different forms in these
two cases as shown in Equation (4) and Equation (8). The difference in the integration range of the
expected utility is thought to be the reason. More specifically, in the caséhat2, an increase in
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humaninvestment will improve the utility after disaster of any scale, while in the casehthat 2, an
increase in human investment will not improve the utility if the disaster exceeds the critical disaster level

According to Equation (6) and Equation (10) , the accumulation path of the human ¢apital be
drawn as shown in Fig. 3, Fig. 4 and Fig. 5. The accumulation pathfot 2 is expressed in red,
andh; > 2 s in blue, respectively. Moreovers™ and "o” are used to distinguish the stable and the
unstable equilibrium points at the intersection with the 45 degree line. At the stable equilibrium point,
sinceh; = h;_1, the human capital goes into a steady state and is constant for all generations .

he hi
hi = hi—1 hy = hi_q
b S ) EE
1 1
0 hi ht—l hl ht,1

(a) (b)
Figure 3. Human capital accumulation (Casel} 8 < 1,a+28 < 2)

e hy = hi—y he

AL he hy hi—1
() (b)
Figure 4. Human capital accumulation (Case2} 3> 1,a+28 < 2)

InCasel{+05 < 1,a+28 < 2), both (a) and (b) have one stable equilibrium point. The equilibrium
point of (a) is in the range of, > 2. This is a stable state where an individual can remain in a rural area
even if a disaster of the greatest scale occurs. Therefore, this point is called "a resilient stable state.” On
the other hand, the equilibrium point of (b) is in the rangé ok 2. In this state, an individual is always
exposed to the risk of having to move if a large scale disaster occurs. So, this point is called "a vulnerable
stable state.” In this case, even if the human capital is higher than the equilibrium state /a} firdtbe
reached as time passes. Especially in (b), the human capital will finally converge to the vulnerable level
finally.

In Case2 (e 8 < 1, a+ 28 > 2), the human capital will converge to a resilient stable state in (a)
and to a vulnerable stable state in (b), which is the same as in casel.

InCase3 (o5 > 1, a+20 > 2), five different graphs can be drawn according to the valuearid
5. In (a), human capital continues growing regardless of the initial level, since the path has no intersection
with the 45 degree line. In (b), one resilient equilibrium point exists and we can interpret it as we do for
Casel (a) and Case2 (a). In (c), two resilient equilibrium points atiSeyhich is at a lower level is
stable, and the high-level onk?, is unstable. Although the household exceedidgan theoretically
continue developing}? is too large to be reached. (In numerical computidgexceeds 1000 which is
definitely immense compared with the assumption that disaster risk is no more than 1.) Therefore, the
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hy fu
he = hes
he = hi—1 P E

@) (b) ©

he h

ht = ht—l

hi—1

hl h? hi1 ORI AT T Al

(d) (e)

Figure 5. Human capital accumulation (Cased+ 3 > 1,a+28 > 2)

path in (c) is actually not different with that in (b). (d) is the opposite of (c). Two vulnerable equilibrium
points exist;h! of the lower level is stable, and the high-level is unstable. If the human capital is
more thanh?, it continues growing. On the other hand, if the starting human capital is beteand

h2, it will decline gradually and converge tgt. This means that the gap expands from the initial state.

In (e), the situation is a bit complicated. We can get two vulnerable equilibrium pdiht&) and two
resilient equilibrium pointsk?, h?). h!l andh? are stable, whilé? andh? are unstable. As explained

in (c), although the household exceeditfgcan theoretically continue developingt is too large to be
reached. Therefore, the range beydrids out of our concern. In this case, continuous growth is not
possible even for the households starting from a comparatively high leveh2aisthe maximum level

of human capital. As time passes, a vulnerable group with a low human capital level and a resilient group
with a high human capital level will emerge. Thus the rural society will become bipolarized. Although
the existance of accumulation paths other than those above cannot be denied, it was not observed in the
numerical computation that was performed within the range of the parameters in this model.

2.3. Influence of a Disaster

After a disastef (0 < 6 < 1) occurs, it is the level of human capital that determines whether an
individual can stay or leave. The following equations show how a household’s response to a disaster
depends on its human capital.

hi—0>1 < hy>h(0):=1+6 =  Stay

o (11)
hy < hy(d) = Leave

h.(0) is called the critical human capital level fér If a disaster never occurs, we always haye- 1,
S0 migration is not going to happen. However, households may move out because of damage due to the
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disaster If we expand a representative household to a rural area, we get some indications from Fig. 6.
A rural area with a vulnerable stable state< 2 is always exposed to the risk of depopulation after a
large-scale disaster. A rural area with the the potential to reach the resilient stable sta?emay also

suffer depopulation if a serious disaster happens during its development.

hy

E
4 b

hy

Leave

0 hi—1

Figure 6. migration caused by disaster

2.4. Comparative Dynamics

As discussed ir2.2, the growth paths of human capital take different forms as the effect of human
investmentx and the impact of intergenerational externalitieshange. In this section, we will mainly
analyze how the value gf changes the growth path of human capital and how the human capital of
previous generatioh;_; influences the behavior of the current generation.

The greatef; is, the greater impaét;_, has on human capital formation. Will greater impachof;
bring more investment on human investmey®? We differentiate Equation (4) and Equation (8) with
respect taqs. Since%—? > 0 is always truez; is an increasing function g¥, meaning that an individual
tends to invest more if the impact of intergenerational externalities is greater. We can investigate the
relation betweer andh; in the same way. We differentiate Equation (5) and Equation (9) with respect
to 5, and get%% > 0. Therefore h; is an increasing function ¢gf, meaning that a higher level of human
capital is formed when the impact of intergenerational externalities is greater.

hy

B is large B is small
S =hi1
1
0 hioi

Figure 7. [ and human capital accumulation

Fig. 7 shows how the growth path changes if the leve$ tlecomes larger. I8 is larger, the curve
hi (h¢—1) shifts upwards, and the vulnerable equilibrium point may disappear. Moreover, when disaster
6 happens, a lowel;_; is required to reach the critical human capital Ieivg(l@) These changes will
make a rural area more resilient to disaster. Therefore, measures that ehlatgd as improvement
in parents’s teaching of agricultural technology, should be taken in order to control migration from rural
areas.
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Futhermorewe can getafbi1 > 0 by differentiating Equation (4) and Equation (8) with respect

to h;—1. This means that the largés_, is , the more investment is made. For households with larger
h:_1, although the risk of moving out is low enough, they are still willing to make more investment than
households with smallei; ;. This is because they want to make full use of the advantage of higher
marginal productivity.

3. THE EFFECT OF QUASI-CREDIT ON HUMAN CAPITAL FORMATION
3.1. Assumptions of the Quasi-Credit Model

Quasi-Credit Contract is a mechanism by which farmers help each other mutually. In this way, it plays
a role as insurance and exists in rural areas in developing countries universally. The greatest feature of
Quasi-Credit is that help and loans are provided free of interest. By helping others in favorable years and
getting help in poor years, households are able to realize consumption stabilization. There are many types
of Quasi-Credit. In some cases, there is borrowing and returning in such kind of contract. However, in this
model the Quasi-Credit means the sharing of risk instead of the real lending and borrowing mechanism.

Suppose two households from the same community make a Quasi-Credit Contract. The two house-
holds have human capital of the same level. Disaster events for them are supposed to be independent for
simplification. That is, the disaster risk for two househdldandd, are following the same distribution
and independent with each other. Therefore, the harvest of two households is different after disaster.
According to the Quasi-Credit contract, they share their harvest equally and have the same consump-
tion. However, if the total harvest is not enough for both households to stay, the best strategy is that one
household remains in the rural area while the other household moves to an urban area. We suppose the
household who gets more harvest remains and gets harvest from the other household. In this contract,
a household whose harvest is more than the minimum consumption can remain for sure regardless of
the harvest of the other household. Since the household with less harvest has to leave before the harvest
season, it is reasonable to assume that the other household take over all the remaining harvest.

When Quasi-Credit exists, the decision to stay or leave is made according to the harvest of both
households. Table.1 shows the decision of the household when Quasi-Credit is introduced. Note that
harvest in this table denotes the quantity per capita, and total harvest of a household is 3 times the amount.

Table 1. Harvest and utility of consumption under Quasi-Credit

Harvest Decision| Utility of consumption
leawe 0
I 10<(ht—01)+(ht—02) <1
leawe 0
leawe 0

| 1< (he—01) + (he — 0) < 2
stay 2h; — 01 — 05— 1

stay Hu—b1-62 1

M| (e —01) + (hy — 02) > 2

stay b= 1
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3.2. Growth Path of Human Capital and Human Investment

Since Quasi-Credit shares the disaster risk of two households completely, a new variatsle +
A, expressing the total disaster damage of the two households should be introduced. The probability
distribution of #; and @, follows uniform distribution as it does in the previous model, i,g6,) =
f(62) = 1. Therefore, the probability density function @fu.) can be written as follows,

9(n) = { Zﬁoj({‘fjl 2) (12)

In the 1st period, households determine the investment in human capital according to the total disaster
risk g(u). As mentioned above, two households are symmetrical at this pofiit.f2, moving out will
not happen. Moreover, if.5 < h; < 2, at least one household may remain in the rural area. In this study,
we focus on the early stages of development in rural areas, so the situation/whkere5 is analyzed.
This means that either or both households have to move out of the rural area if a serious disaster occurs.

harvest

e 1 12 [z
Figure 8. Relation between disaster and harvest under Quasi-Credit

The sum of the total harvest for each level of disaster is shown in Fig. 8. As shown in the figure, the
critical disaster level for either household to stayijsand the critical disaster level for both household to
stay isjis. For the disasters betweg@n andji,, each household has 50 % possibility to stay and consume
2hy — p. As for disasters betweein, and 0, each family can stay and consuf@g; — u)/2 for sure.
Taking these information into consideration, an individual determines the optimal human investment in
the 1st period to maximize his lifetime expected utility. Therefore, the problem can be formulated as
follows,

B2(he) /op, Aa(he)
max EU = / ( t2 g 1) -g(p)dp +/ 5 (2he —p=1) - g(u)du - %, (13)
#t 0 f2(ht)

In this chapter, numerical computation is used for the analysis. Fig. 9(a) shows the result of the case
where the effect of human investmentind the intergenerational externalitigare small, and Fig. 9(b)
shows the result of the case wherand are large. The curves of the cases where Quasi-Credit does not
exist in 9(a) and 9(b) take the same form of the curves in Fig. 3(b) and Fig. 5, respectively. A blue line
expresses the growth path of the human capital from the model of Chapter 2 when Quasi- Credit does not
exist, and the red line expresses the growth path when Quasi- Credit exists. Moreover, the green line is a
45 degree line, expressimtg = hy_1.

As shown in Fig. 9(a), human capital is higher when Quasi- Credit does not exist; when the effect of
intergenerational externality and human investment is small. When Quasi-Credit does not exist, human
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. Quasi-Credit ] 16 . 7
does notexist Quasw-Cred\‘t %
Coesho = does not exist”

15p— 15

hgtet — hy 14 . §
Quasi-Credit Quasi-Credit _ o

exists —

13 exists 13

ht = hi—1

— hi = hi1

11 105 11 115 12 125 13 135 14 145 15 11 105 1.1 115 12 125 13 135 14 145 15
hi—1 hi-1

(@a =0.5,8=0.3 (b)a= 08,8 =0.7

Figure 9. Human capital accumulation under Quasi-Crédit,; < 1.5 0

capital will continue growing without entering into a stable state in the range &f 1.5. However,

by bringing in Quasi-Credit, growth will stop ih, < 1.5. On the other hand, as shown in Fig. 9(b),
when the effects of intergenerational externality and human investment are large, human capital is higher
than Chapter 2's model in the stages where human capital is low. Howeligr, ibecomes larger, this
relation is reversed. Existence of Quasi-Credit brings about a stable state. Thus, growth of human capital
stops at a low level.

" Quasi-Credit
T does not exist 04

Quasi-Credit
does not exist’
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o2 o
o Quasi-Credit 7 Quasi-Credit
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012 —, L . L L . L
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Figure 10. Human investment under Quasi-Credith; < 1.5 0

Fig. 10 is the result of numerical computation of human investmgnRed and blue express the
cases "Quasi-Credit exists” and "Quasi-Credit does not exist”, respectively. As analyzed by comparative
dynamics in Chapter 2, when Quasi- Credit does not exjsis an increasing function of the human
capital of the previous generatidn_;. However, it is just the opposite when Quasi-Credit existds
a decreasing function df;_,, meaning that when the individual feels relieved, he will stop trying hard.
This can explain why the human capital in Fig. 9 does not grow. However, we can say from (b) that when
h:_1 is less than 1.2, Quasi-Credit is an incentive for individuals to make a human investment.

Note that when parameters are large as in Fig. 9(b), human capital converges to a fixed stable state,
which is different from the result we got in Chapter 2 that a continuous development in the human capital
is possible. This happens as the consequence of a decrease in human investment caused by Quasi-Credit.

3.3. The Impact of Quasi-Credit on Rural Society

In order to investigate the impact of Quasi-Credit on rural society in the long term, numerical compu-
tation is carried out to see how human investment, human capital, expected utility and probability of stay
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grows over time3 We analyze two cases, the case whemnd3 are small, and the case where they are
large.

a)The case wherex and § are small (o= 0.5, 6 = 0.3)

Fig. 11 shows the impact of Quasi-Credit when the effect of human invesimeant the effect
of intergenerational externalities are small. The horizontal axis of each figure expresses how many
generations passed; red line and blue line show whether Quasi-Credit is introduced or not.

. Quasi-Credit

B 2

Probabilty of Stay

8 2 8 8

Quasi-Credit
o1 does not exist
008

"1 2 3 0 5 6 2 3 4 5 5 7

(c) Probabilityof stay (d) Expectedutility
Figure 11. The influence of Quasi-Credit(; < 1.5, « = 0.5,5 =0.3)

Human investment of each generation is compared in (a). When Quasi- Credit exists, the investment
in human capital always takes a small value. So, it is obvious that by introduding Quasi- Credit, an
individual becomes less willing to invest.

(b) is a figure which compares the level of human capital of each generation. Human capital in the case
where Quasi- Credit does not exist is always higher than the case where it exists. This can be explained
as a result of the difference in human investment shown in (a).This relation is also in accordance with the
result of Fig. 9(a). Although human capital converges to a certain level no matter if Quasi-Credit exists
or not, Quasi-Credit does make the final level lower. That is, the system of Quasi- Credit has a negative
effect on accumulation of human capital in rural society.

(c) compares the probability that a household will stay in a rural area. When there is no Quasi-
Credit, the probability of stay is equivalent to the probability that the disaster under the critical disaster
Ievelé(ht) occurs. On the other hand, the probability of stay for one household when Quasi-Credit exists
is equal to the sum of the probability that the disaster updéii;) occurs and half of the probability that
the disaster betweemy (h;) andiz(h:) occurs. As shown in the figure, in the early stages when human
capital is small, Quasi- Credit has the effect of raising the possibility of stay. However, as time passes, the
human capital grows faster when Quasi-Credit does not exist, and the probability of stay will be higher
than in the case where Quasi-Credit exists. Therefore, we cannot conclude that Quasi-Credit has an effect

3The simulatiorhere is based on the disaster risk. It is different from Monte Carlo simulation where many possible paths are
simulated based on different disaster scale. It is not necessary to make the stochastic simulation because none of the human
investment, human capital, probability of stay and expected utility is related to the scale of disaster that really happened. They
are determined by the human capital of previous generation and the distribution of disaster risk, and are not damaged by disaster
as long as the household survives in the disaster.

131



IDRIM(2014)4(2)

DOI10.5595/idrim.2014.0086 ISSN: 2185-83210 00

of preventing migration.

Finally in (d), the expected utility of each generation is compared. When evaluating the system of
Quasi- Credit, the most important criteria is the expected utility showing the overall welfare of individuals.
We can find from (d) that regardless of the low human capital and high probability of migration, the
expected utility is raised significantly by Quasi-Credit.

Quasi-Credit
exist:

Quasi-Credit
does not exist £ /

(a) Expectectonsumption utility (b) Costof human investment

Figure 12. Two components of expected utilitys < 1.5, « = 0.5,5=0.3)

In order to understand how the increase in expected utility occurs, expected utility is divided into two
conponents, the positive utility gained from consumption and the negative utility that comes from human
investment. Fig. 12 shows the influence of Quasi-Credit on these two conponents which constitute the
expected utility. First, from Fig. 12(a) , we learn that the expected utility by consumption is higher in the
system of Quasi-Credit, in spite of little human investment and low human capital levels. In fact, when
1 < 2h;—pu < 2, ahousehold has a chance to take over the harvest of the leaving household, and this defi-
nitely raises their expected utility of consumption. The increase is discontinuous and this can be explained
by an easy numerical example. When the harvest of the househdlbds-isf;, h; — 62) = (1.1,0.9)
after disaster, both households will stay and consyime+ 0.9)/2 = 1.0. Then, when the damage
of Household 1 increases a little and the harvest becdmes 6, h; — 62) = (1.0,0.9), Household
1 can consumé.0 + 0.9 = 1.9. In this case, Household 1 can get more consumption with a larger
scale of disaster since the decrease in total harvest makes Household 2 move out and thus Household 1
can consume the harvest that Household 2 leaves behind. The advantage of Quasi- Credit is just here.
If there was no Quasi-Credit, the harvest of Household 2 (0.9) will be thrown away without being con-
sumed. However, thanks to Quasi-Credit, as long as one household can stay in a rural area, the harvest
of the leaving household will be effectively consumed. Therefore, as shown in Fig. 11(c), households
become more motivated to access income opportunities in urban areas when Quasi-Credit exists. Since
agricultural products are less probably being thrown away, the opportunity cost of migration decreases.

Moreover, in the case whéh;—0;, h;—62) = (0.8,0.7), if there is no Quasi- Credit, both households
will have to move out and the utility will be zero. However, by Quasi- Credit, Household 1 can have a
positive utility of 0.8 + 0.7 — 1 = 0.5 in the rural area. At the same time, such a possibility lessens the
incentives to get more resilient against disaster through investment in human capital. As a consequence,
the growth of human capital is slowed down.

b)The case wherex and (5 are large (o« = 0.8, 3 = 0.7)

Fig. 13 shows the impact of Quasi-Credit when the effect of human invesimant the effect
of intergenerational externalities$ are large. The red line and blue line show whether Quasi-Credit is
introduced or not.

Human investment of each generation is compared in (a). While human capital gets larger when
Quasi- Credit does not exist, human capital is always small when Quasi-Credit is introduced. However,
for the first two generations, human capital is higher when Quasi-Credit exists. Therefore, except for the
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Figure 13. The influence of Quasi-Credik{ < 1.5, « = 0.8, 5 = 0.7)

first several generations when the human capital level is extremely low, an individual tends to invest more
in human capital when Quasi-Credit does not exist.

(b) compares human capital of each generation. As we learned from Chapter 2's model, human capital
h: is a convex function ofi;_; whena = 0.8, 3 = 0.7. This means that accelerated development will
continue without converging to a stable equilibrium. On the other hand, human capital development will
reach the equilibrium within three generations, and will stop at a low level. Therefore, the system of
Quasi- Credit has a negative effect on accumulation of human capital in rural society.

(c) compares the probability that a household will stay in a rural area. Similar with the result in
a)(a = 0.5, = 0.3), Quasi-Credit results in an increase in the probability of stay in the early stages.
Note that in this case, there is always a possibility that a household will move out of a rural area when
Quasi-Credit exists. However,the probability of leaving may decrease to 0 if Quasi-Credit does not exist,
since the human capital develops rapidly and reaches a resilient human capital level.

In (d), the expected utility of each generation is compared. In contrast with the reajlvhrere the
utility is always higher when Quasi-Credit exists, when the parameters are large, the utility of households
where Quasi-Credit does not exist will grow fast and surpass the utility of households where Quasi-Credit
exist as time passes. Continuous development of human capital is considered to be the determinant of
high expected utility. Overall, Quasi-Credit brings up the utility in the early stages of development, but is
not the desired mechanism for rural area aiming at long term development.

Fig. 14 shows the detailed influence of Quasi-Credit on expected utility. In this figure, expected
utility is divided into two conponents, the positive utility gained from consumption and the negative
utility from human investment. First, from Fig. 14(a), we learn that in the short term the expected
utility by consumption is higher when Quasi-Credit exists and the opposite effect is observed as the
consumption grows when Quasi-Credit does not exist. Then from Fig. 14(b), we know that the cost of
human investment is also growing when Quasi-Credit does not exist. However, the effect is not as obvious
as the growth in consumption utility, which results in the growth of total expected utility.

Let us summarize the result of this section. Even though the model of Quasi-Credit is formulated
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(a) Expectecconsumption utility (b) Costof human investment

Figure 14. Two conponents of expected utilitys¢ < 1.5, = 0.8, =0.70

upon several simplifications, it has not taken in any unreal factor. In rural areas of developing countries,
members of the same community keep very close relationships, and they help each other by sharing har-
vest. At the same time, it is also a common phenomenon that part of the family members work in cities.
There are also many places where farmland and crops are managed by the whole community so that crops
will not be wasted. For these communities, applying the analysis results of this section, it is easy to under-
stand that mutual help mechanisms like Quasi-Credit has become the factor that limits growth of human
capital. On the other hand, if the effect of human investnaeahd the intergenerational externalitigs

are small, households will always get a higher expected utility when Quasi-Credit is utilized. Therefore,
individuals give up investing in human capital which costs a lot, and live a comparatively happy life even

if the technical progress is not made.

In b) when the effect of human investmemtand the effect of intergenerational externalitieare
large, individuals live a similar life as ia) with the existance of Quasi-Credit. We should note that in this
case, the community tends to develop continuously. When Quasi-Credit does not exist, individuals will
develop human capital to a risk-resilient level and the level of expected utility will also be higher. In such
an environment, the system of Quasi-Credit will make the community lose the reasons for growth. Of
course, if Quasi-Credit does not exist, when a large-scale disaster occurs, all the households have to move
out to the city, and the community is at the risk of dissapearing. Therefore, when we discuss whether to
introduce Quasi-Credit system, it is important to take the current human capital level into consideration.

In this model, the disaster risks for two households are given by independent random variables. How-
ever, it is usually thought that households in the same area should have similar disaster risks. If the
correlation between the disaster risks of two households is 1, which means both households suffer the
same loss and get the same harvest, the situation discussed in Chapter 2 holds . In this chapter, analysis
is is based on the assumption that the correlation between the disaster risks of two households is 0. Since
the real correlation is neither as large as 1, nor as small as 0, we believe the reality is between these two
analyses.

4. THE EFFECT OF KEEPING LIVESTOCK ON HUMAN CAPITAL FORMATION
4.1. Assumptions of the Livestock Model

Keeping livestock is a mechanism by which farmers get prepared for future disasters and smooth their
consumption in different periods. In rural areas where formal financial services are not available for poor
farmers, livestock is in fact the way of forming assets for them. Unlike the models in Chapter 2 and
Chapter 3, the horizon of an individual is expanded to three periods in this model. When an individual
makes his decision of human investment, he takes the utility of the 3rd period into consideration. It is
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a custom that an individual buy&f units of livestock and leaves it to the next generation if his harvest
is more thanl + M. In this model, we focus on the human capital in rural areas where a stable state
is reached. In this state, there exists a basic human capitbr each generatior, is the same, and
individuals make decisions on human investment dependening on whether they have livestock from the
previous generations or not. Suppose the human investmentiken livestock is inherited, and is,

when livestock is not inherited. Consequently, the human capital level forntedaisd /., respectively.
However,h. andh,, are valid only forith generation’s production. This means that the additional human
capital gained by human investment is completely depleted when the generation changes,-sad }lthe (¢
generation has to start from basic human capitadjain. As discussed in Chapter 2hifs large enough,
households will be able to stay in rural areas for sure. However, an analysisaviteglatively small is

of more interest, since this is more likely to be the real situation for most developing countries.

4.2. Formulation of Livestock Model

For thetth generation, whether livestock is left to households or not is a given condition. Taking
this given condition into consideration, an individual who is in his 2nd period has to choose the optimal
investment to maximize his lifetime expected utility. In order to get the lifetime expected utility, we shall
discuss about the expected utility of the 2nd period in 4.2.1 and the expected utility of the 3rd period in
4.2.2 respectively. Finally, the objective function for maximization is derived in 4.2.3.

4.2.1. The Expected Utility of the 2nd Period

To derive the utility of an individual in the 2nd period, two cases (when livestock is not inherited and
when livestock is inherited ) should be considered.

a) Livestock is not inherited

As assumed in 4.1, the basic human capitat.isWhen livestock is not inherited, an individual's
human investment is, and human capitai,, is formed. After disaster, his responses include the response
to {Stay, Leave}and the response dfLivestock, No Livestock}. The response {&tay, Leavelis
determined in the same way as in Chapter 2's model.

hp—0>1<60<6(h,):=h,—1 =  Stay

_ (14)
0 >0,(h,) = Leave

él(hn) is called the critical disaster level for stay.

If an individual managed to stay in a rural area, then his response differs depending on whether he is
able to buy some livestock for the next period or not.

hp—0>14+M &0 <0yhy) =h,—M-1 = Livestock

- . (15)
6 > 02(hn,) = No Livestock

65 (hy) is called the critical disaster level for livestock. Note the livestd€lere refers to the amount of
livestock per capita, so for a househdd/ is stocked.

According to Equation (14) and Equation (15), the relation between harvest and the responses can be
shown as follows.

Thus, the expected utility of the 2nd period when livestock is not inherited can be derived as follows.
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Table 2. Responses after disaster (When Livestock is not inherited)

Harvest Responsd Stay,Leave} | Responsé Livestock, No Livestock
0 < 0y(hy) Stay Livestock
03(hy) < 6 < 61(hy) Stay No Livestock
0 > 0 (hy,) Leawe
0o 01
EU2(no livestock) :/0 (hp — 60— M —1)df + /52 (hp — 6 —1)do (16)

b) Livestock is inherited

As assumed in 4.1, the basic human capital.iswhen livestock is not inherited, an individual’s
human investment is. and human capital. is formed. After disaster, his responses included the re-
sponse tq Stay, Leavé and the response dLivestock, No Livestock. The response tfStay, Leavé
is determined in the same way as in Chapter 2's model.

he—0+M>1e0<03h.) =h.+M-1 =  Stay

i (17)
6 > 03(h.) = Leave

05(h.) is called the critical disaster level for stay when livestock is inherited.
If an individual managed to stay in a rural area, then his response differs in whether he is able to buy
some livestock for the next period or not.
he—04+M>14+Me 0 <04(he) =h.—1 = Livestock

_ _ (18)
6 > 04(h.) = No Livestock

04(h.) is called the critical disaster level for livestock when livestock is inherited.

According to Equation (17) and Equation (18), the relation between harvest and the responses can be
shown as follows.

Table 3. Resoponses after disaster (When Livestock is inherited)

Harvest Response ofStay Leave} | Response ofLivestock, No Livestock)
0 < 04(he) Stay Livestock
04(he) < 6 < 03(he) Stay No Livestock
0 > 63(he.) Leaw
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Thus,the expected utility of the 2nd period when livestock is inherited can be derived as follows,

é4 9~3
EU2(livestock = / (he — 60 —1)df + / (he + M — 60— 1)d6. (19)
0 04

4.2.2. The Expected Utility of the 3rd Period

Since an individual has a 3-period planning horizon in this model, and an individual’s 3rd period util-
ity is determined by his son’s harvest, it is necessary to discuss about the responses of the next generation.
From the assumption that every generation inherits the same level of human gagliglresponses of
the ¢ + 1)th generation is the same as thib generation which is discussed in 4.2.1. So, the relation
between thet(+ 1)th generation’s harvest and the utility of the 3rd period forttiegeneration can be
shown as follows.

Table 4. Relation between responses ofH{il)th generation and utility of the 3rd period ftth generation

I(_;\;_e?';?hc l;;%g;eeltion Scale ofdisaste); (Rtefq?t?lsgsncgrgfon Utility of thetth generation
No 0,11 < O2(hy) Stay & Livestock By — Op1 — M
O2(he) < Opp1 < 01(hy) Stay & No Livestock hn — 0411
0,41 > 01(he) Leawe 0
01 < O4(he) Stay & Livestock he+ M — 60,1 — M
Yes 04(he) < 041 < 03(h.) | Stay &No Livestock he + M — 0,41
0,01 > O3(he) Leawe 3M

Note thatif the ¢th generation fails to leave some livestock to the-(t)th generation, the utility of
the 3rd period becomes 0 when theH#)th generation moves out. However, if he manages to lddve
units of livestock to the (# 1)th generation, he can get some utility from consumption of the livestock
even if the (4 1)th generation moves out. And the consumption of livestodkis the total amount of
livestock of the household.

From Table 4, the expected utility of the 3rd period for ttiegeneration can be written as follows.

EU3(no livestock to the (# 1)th generation) (20)

9~2 él
= / (hp, — Op1 — M )dOi 11 + / (hn, — Op41)dO 1
0 02

EU3(livestock to the (t+ 1)th generation (22)

04 9~3 1
= / (hc — 0t+1)d9t+1 + /N (hc + M — 0t+1)d9t+1 + /N 3Md9t+1
0 04 03
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4.2.3. Lifetime Expected Utility of the ¢th generation

Using the expected utility of the 2nd period and the expected utility of the 3rd period discussed in
4.2.1 and 4.2.2, the lifetime expected utility function of #le generation can be derived as Equation
(23) and Equation (24). From the assumption of the uniform distributiof, ¢ andd, denote the
probabilities that theéth generation could keepf livestock for the { + 1)th generation, whileéél — ég)
and(fs — 6,) denote the probabilities that thén generation stay in a rural area without leaving livestock
to the next generation.

EU(no livestock =—z2 (22)
+EU2(no livestock)
+0, - EU3(livestock to the (t+ 1)th generation)
+(6, — 6,) - EU3(no livestock to the#(+ 1)th generatioi

EU (livestock =— 22 (23)
+EU2(livestock)
+0, - EU3(livestock to the { + 1)th generation)
+(03 — 64) - EU3(no livestock to thet(+ 1)th generation)

From the first-order condition

OFEU (no livestock)
Ozp,

=0 (24)

and

OEU (livestock 0

aZC Y (25)

we can obtain the value af, andz..

4.3. The Impact of Keeping Livestock

As in Chapter 3, numerical computation is also used in this chapter. Fig. 15 compares human invest-
ment and human capital of individuals who inherit livestock from the previous generation and who do not
when parameters andg are large. Changing the value of parameters, we can get Fig. 16.

In both figures, we observe that individuals tend to make more human investment and form higher
human capital when they inherit livestock from previous generations. The figures also show that the
higher the basic human capital is, the more human investment individuals make and the higher the human
capital is. These results have some implications for raising human capital of rural area in developing
countries. As shown in Fig. 15 and Fig. 16, the human capital {hatind /,,) depends much on the
basic human capitah. Therefore, when keeping livestock is a custom of a rural area, efforts to raise
basic human capital levél should be made. Such kind of effort may include sharing or keeping records
of knowledge and technology of agricultural production so that individuals can start building their own
human capital from a higher level.
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Figure 16. Human investment and human capital basedon = 0.5, 3 = 0.3)

If the basic human capital is fixed to a certain level, it is easy to see how human investment changes
according to the scale of livestocdW. Fig. 17 shows the relation between human investment and the
scale of livestock.

Whena andg are large, as Fig. 17(a) shows, both individuals who inherited livestock and individuals
who did not inherit livestock tend to make more human investment as the scale of livagtbekomes
larger. On the other hand, whenand g are small, as Fig. 17(b) shows, for the individuals who did
not inherit livestock from the previous generation, more livestock becomes the incentive for more human
investment. However, the individuals who inherited livestock from the previous generation do not make
more human investment when the scale of livestock becomes larger. Instead, a slight decrease in human
investment can be seen from Fig. 17(b) when livestock is inherited. This implies that when the effect
of human investment is less valued, individuals are less willing to make human investment and become
more dependent on the livestock left to them.

5. CONCLUSION

In this paper, a 3-period overlapping generations model which considers intergenerational externality
is formulated for rural areas in developing countries. Formation of human capital under natural disaster
risks before and after the introduction of informal insurance mechanism is analyzed. If a catastrophic
disaster occurs in the early stages of development when there is no informal insurance, many households
may move out from rural areas simultaneously. On the other hand, the probability of moving out becomes
smaller as human capital grows and households will be more motivated to make a human investment. The

!Under theassumptions of this model, andz, is not consistant at/ = 0. This is caused by the different structures of decision-
making. Comparing the first-order condition Equation(24) and Equation(25), we find that Equation(25) is a functiomidd
Equation((24) is a function of both. andz,,. In other words, the decision-making for individuals who inherited livestock is
independent. However, for individuals who did not inherite livestock, decision-making depends partly on the previous one.
Here, the society without livestock is not considered}$e= 0 does not need to be included.
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Figure 17. The relation between human investment and the scale of livestock

risk of disasters and migration is in fact a factor which extends the gap between rural areas. Moreover,
it is shown that to realize continuous growth in human capital, a rural area should take measures such as
technical skill succession to make the intergenerational externality play a more important role in human
capital formation.

When Quasi-Credit exists, the incentive of human investment decreases and human capital stops at a
low level. As a result, although Quasi-Credit is a kind of informal insurance, it will bring up the probabil-
ity for an individual to move out. On the other hand, it is also shown that the probability of simultaneous
migration for many households will decrease after the introduction of Quasi-Credit. Therefore, although
Quasi-Credit increases small-scale migration frequency, it is thought that large-scale migrations are pre-
vented by this system. Another impact of Quasi-Credit is that consuming the harvest left by the household
that moved out will enable the household that remains in a rural area to gain a higher utility in spite of
the low human investment.

Moreover, in rural areas where risk of harvest is shared intertemporally by keeping livestock, livestock
is not only the insurance in case of poor harvest for the next generation, but also the incentives that
encourage the next generation to make more human investment. In this sense, Livestock has totally
different effects on human investment from Quasi-Credit. Most of the time, it is true that the larger scale
the livestock is, the more human investment is made. However, in some particular cases, say when the
effect of human investment is not significant, if farmers get more livestock from their parents, they will
be less motivated to make human investment.

This research proposed a methodology to analyze the effect of informal insurance on the development
of rural areas regarding human capital. For simplicity, only the most important factors are taken into
consideration. However, when utilized in policy discussions, it is necessary to include more factors such
as altruistic behavior, incomplete information, etc. Risk-averse preference and other factors of disaster
risk should also be considered in order to make the model more precise.

As for seasonal migration which is a common phenomenon in many developing countries, this model
represented part of its structure. However, the process that an emigrant returns to a rural area is not
modeled in this research. Modeling of resource management regarding the return of households is left
for future research.
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