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FERTILITY DECISIONS OF HOUSEHOLDS IN RESPONSE TO ENVIRONMENTAL GOODS SCARCITY: THE CASE
OF SEKOTA DISTRICT, WAG HIMRA ADMINISTRATE ZONE OF THE AMHARA REGION, ETHIOPIA

ZEWDU BERHANIE
LECTURER
DEPARTMENT OF AGRICULTURAL ECONOMICS
COLLEGE OF AGRICULTURE AND ENVIRONMENTAL SCIENCES
BAHIR DAR UNIVERSITY
ETHIOPIA

ABSTRACT
The current population boom unparalleled in human history is largely concentrated in developing countries. Population growth rate, particularly, high fertility
rate in these countries is perhaps related to unacceptable risk of child death, extreme poverty related to the deterioration of natural resource base like potable
water, fodder and fuel wood. In many empirical studies, population increase is considered as one of the most important factors contributing to environmental
degradation. However, the reverse effect has not been well documented. Therefore, the general objective of this study is to analyze the relationship between the
levels of environmental goods scarcity and fertility decisions of households. Both primary and secondary data sources were used for this purpose. The data were
analyzed using the Tobit model. It was found that fuel wood and water scarcity, part of environmental good scarcity, affect fertility negatively. Another variable,
which is also related to environmental good scarcity, was risk of child mortality rate that affect fertility positively. In addition to these factors other than
environmental goods that affect fertility were household calorie intake per capita, women age category, and education of women. As far as the responsiveness of
these factors concerned, it was found that fuel wood scarcity is the majour determinant of fertility decisions of households in absolute value followed by
household calorie intake per capita. Water scarcity, rate of child mortality risk, women age category, and women's education were the third, fourth, fifth and
sixth determinants of the fertility decisions of households in absolute value, respectively.

KEYWORDS

Fertility, environmental good scarcity, child mortality, demand for children, tobit.

1. INTRODUCTION
he current population boom unparalleled in human history is largely concentrated in developing countries. These countries account for more than 95%
of the total increment of world population. The key element behind the change in population of these countries where the growth is so rapid, is the level
and patterns of fertility
Population growth rate, particularly, high fertility rate in these countries is perhaps related to unacceptable risk of child death, and extreme poverty related to
the deterioration of natural resource base like potable water, fodder and fuel wood. That is, if the natural resources and customary ownership common property
for the society are deteriorated, it calls for high fertility rates related to child labour.
Bromley and Cernea (1999) argued that even in a situation of common property ownership, increase in the demand for common property resources through
population growth may lead to unrestricted access to these resources. The foregoing situation will result the deterioration or undermine the institutional
arrangements. As a result, the traditional uncontrolled and free ridings of the natural resources results in sever degradation.
In addition, labor productivity is low in the region in general and in the study area in particular not only because capital is scarce, but also the environmental
resources are scarce too. As a result, each household needs many hands, and the overall usefulness of each additional hand increases with declining resource
availability. When environmental goods are scarce, households will have to spend more time collecting these products, which significantly increase the work
burden of women and children.
The major concern for this framework is related to the importance of children as resource collectors and decisions related to the risk associated to high child and
infant mortality. In poor countries children are useful as income earning assets. Poor countries are for most part biomass based subsistence economies.
Households in environmental degraded areas, particularly in low-income countries and rural areas do not have access to the source of domestic energy and
water on tap (Desgupta, 1992). This means that the relative prices of alternative sources of energy and water faced by rural households are often prohibitively
expensive. This provides a link between high fertility and degradation of the environmental resource base of the rural community.
According to Aggarwal et al (2001), resource scarcity is likely to affect fertility on two pathways. The first pathway is through the effect of resource degradation
on the production of child quality and the second is through its effect on the production of aggregate good. With the first effect alone, an increase in resource
scarcity can be viewed as increasing the price of child quality, hence leading to a fall in demand for child quality. The fall in child quality would lead to an increase
/or decrease/ in the demand for children depending on whether quantity and quality are perceived as substitutes (complements) in preferences. In the second
effect, an increase in resource scarcity leads to a fall in the production of the aggregate food and a fall in marginal productivity of adults and children.
Nerlove (1993) also argues that environment is assumed to affect fertility decisions through its effect on survival probability of birth and/or the ability of
surviving children to support their parents. If parents’ utility depends only on the number of survival children and is concave function of that number, and there
are no ex-ante costs of childbirth, the utility maximizing birth can be shown to be a decreasing function of the probability that a birth will survive.
Nerlove (1993) also suggested another interesting pathway through which resource degradation may affect fertility. He pointed out that those children in less
developed countries have a comparative advantage, relative to adults, in animal husbandry as opposed to crop production. Since poorer quality environments
have a large component of livestock production than crop production, this leads to a higher demand for children. Some form of resource degradation may also
exert a significant positive influence on mortality risk (for instance, in the form of greater incidence of water born disease due to the supply of deteriorate
quality of drinking water). Increasing mortality risk is, in turn, likely to affect fertility rates, though the sign of this effect is generally regarded as being
ambiguous.
Given the multiple pathways, the effect of resource degradation on fertility is quite complex. Nerlove (1991) argues that positive relation between resource
degradation and fertility rates is more likely to be observed at low level of resource degradation. According to Nerlove, with continued deterioration of the
resource base, this relationship must eventually turn from positive to negative. This could be due to a number of reasons. In highly degraded environments, the
perceived costs of raising children may exceed the benefits they provide as producer of goods. Also at high level of resource degradation death rates may raise
sharply but fertility rate may not continue to rise as there is an upper limit on the number of children a woman can have. This suggests that the relationship
between resource degradation and fertility is likely to differ across regions and also within the same region in its different stage of development. This makes it an
interesting empirical issue.
Filmers and Prithet (1996) and Desgupta (1992) also argue that greater environmental degradation could lead to increase in population growth if increased
scarcity of environment resources goods leads to a higher relative value of children. This is possible if the comparative advantage of having children, as
household producers, in the acquisition of environment resources for the family does not incur the full cost (for example, collection of fuel wood, fetching water,
or grazing of livestock from an open access land). This would be possible if the increase in relative value of children in face of increased scarcity of environmental
goods could out weigh the increase in productivity effects from privately owned resources and lead to a higher demand for children.
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According to Filmer and Prithet (1996) and Muller and Cohn (1977), it is possible that at stages of low population density initial increases in population density
will lead to greater demand for children. This population demand in turn accelerates environmental degradation and raises the scarcity value of the open access
resources. As long as the resources remain open access this will (or empirically may) lead to the increase in the demand for children. Once an environment is
privatized, the negative externality disappears and is internalized by the household. From that point on, households respond to further deterioration in
availability by reducing their demand for children.

Exploring part of the vicious circle, the link between population growth and the environment, has emerged as an important area of research in recent years
(Aggarwal et al, 2001). The focus of most of this research has been on the impact that an exogenously given increase in population would have on the
environment. However, the situation could also be analyzed from the opposite angle, the impact of environmental degradation on the demand for children, in
turn population growth. Therefore, the main aim of this study is to analyze the effect of environmental good scarcity on the demand for children by families.

As indicated by many empirical studies, population pressure is considered as one of the most important factors contributing to environmental degradation.
However, whether environmental degradation has effect on population pressure has not well documented. Besides, the relationship between socioeconomic
factors and fertility decisions of households are complex in developing countries. The results are not always consistent across populations in terms of the
strength and the direction of the effects of these factors on fertility (Farooq and DeGraff, 1988). This underscores the importance of conducting a case study in
line with available theoretical and empirical knowledge while taking account of the local situation. Consequently, this study is intended to analyze the socio
economic factors and environmental resource scarcity on households' fertility decisions.

OBIJECTIVES OF THE STUDY
The general objective of this study is to analyze the relationship between the levels of environmental goods scarcity and demand for children by households. The
specific objective is to determine the effect of environmental goods scarcity and other socio-economics factors on the fertility decisions of farm households.

2. METHODOLOGY OF THE STUDY

2.1 THE STUDY AREA

Sekota is located between 12° 23" and 13° 16" north longitudes and 38°44" and 39°21° east latitudes. It extends for about 98 km in the north south direction and
67 km in the east west direction. It has compact shape and an area of 3058 km? (SERA, 2001). The district is located in the eastern part of Wag Himra
Administrative Zone (WHAZ) of the Amhara National Regional State (ANRS). WHAZ, which is one of the 11 administrative zones in ANRS, represents the Agew
ethnic group and comprises of three districts: Sekota, Dehana & Zequala. Sekota shares borders with Ziquala district in the west, Dahna district in the south and
southwest, Tigray National Regional State in the north and east, North Wello Zone in the south. Sekota town, the capital of the zone, is 795 km north of Addis
Ababa and 540 km northeast of the regional state capital, Bahir Dar. The area is characterized by Sub moist major agro ecological zone with SM (tepid to cool
sub moist mid highland) and SM; (hot to warm sub moist lowland).

The results of the 1994 population and housing census also shows the total population of Sekota was 130,229 in the year 1994 and projected to reach 167,504 in
the year 2005. As far as the rural population of the district is concerned it is projected to reach 153, 539 in the year 2005 (BOPaED, 2004). According to this
projection it is expected that about 92 % of the population lives in rural areas. The density of the rural population is 50 people per km®.

It is expected that the rural national average as well as the regional average of population density is higher than the rural district of Sekota. But it does not mean
the rural district has no population pressure relative to the national and the regional average. Because the land escape and soil in the area is not much suitable
for agriculture, the already existing population is more than the caring capacity. When we see the topography, quarter of the district has a slope less than 2 %
while 37 % of the district has a slope more than 30 %. Areas that lie on these groups are not suitable for agriculture (SERA, 2001).

The people in Sekota district are suffering from continuous food, fuel wood, water, and grazing land shortage. The topography of the district is characterized by
rugged and a chain of mountain terrains most of which is covered by patchy grasses during the small rainy season. For the remaining season the terrain has
been covered by bare rock. The forest and bush cover of the area is concentrated in specific areas most of which are communally owned or are the property of
the church.

For all households, firewood is the most important source of energy for cooking followed by dung. The depletion of firewood has currently led to the extraction
of former vegetation cover. The area has virtually been stripped of vegetation and shortage of grazing and fuel wood scarcity is ever increasing. In spite of the
effort of extension program to popularize tree planting and encourage establishment and proper management of farm wood lots it has registered little success.
The study undertaken by SERA (2001) indicated that shortage of grazing is the widest spread as reported by 75% of the households in the study. All grazing areas
belong to the PAs and all households are using it as communal grazing grounds. These unregulated communal grazing plots have a character of open access
property regime, which resulted in over exploitation, and degradation of the pasture.

As far as the infrastructure of the area is concerned, road network and public transportation system is extremely under developed. The electric power and
telecommunication network is concentrated only in the district capital, Sekota town. In the whole district, the scarcity of potable water is a common
phenomenon including the capital town.

Crop production in the area is not a promising enterprise due to shortage of farmland, depletion of soil fertility, and moisture stress. However the area is known
from its high small ruminant and poultry population even if one of the food insecure district in the region as well as in the nation.

2.2 TYPES OF DATA AND METHODS OF DATA COLLECTION

The study was conducted in three PAs in Sekota district of the ANRS. The sampling units were wives and husbands of the household members. A two-stage
cluster sampling procedure was adopted to select three PAs, namely Zarota, Addis Alem and Maheber Selassie. In the first stage, the whole rural area was
categorized in to three clusters based on the level of environmental goods scarcity and availability. This was done based on the information from key informants
and secondary data. From the categorized three clusters one PA was randomly selected for each. A peasant association provided the sampling frame of
households having wives in the age interval of 15-49 years old, while respondents were selected randomly. In Zarota, Addis Alem and Mahebere Selassie PA’s 32,
46 and 44 households were selected for formal survey, respectively.

In this study, households were selected on the condition that the men and women live under one roof and that the age of women is in the range of 15-49 years.
The households having women in the specified ages should not to be windowed and/or remarried. So the sampling unit is men and women satisfying
aforementioned criteria and the sampling frame are households satisfied the criteria. The data made available for this study in different clusters were
aggregated and analyzed to the household levels. Some parameters were used to characterize the demographic features as well as the environmental goods
scarcity level differences among the clusters.

The data used for this study were obtained both from primary and secondary sources. Primary data were collected through structured questionnaire. This was
conducted in two stages. First, a preliminary survey was conducted to obtain general information about the PAs such as the level of environmental good
availability and scarcity, population distribution pattern and agricultural system of the area. During the preliminary survey, lists of relevant guidelines were used
and guided discussions were held with respondents. The result of this survey was used to develop workable hypothesis and structure questionnaire for the
formal survey. Moreover, the result of the preliminary survey provides a general background of the study area regarding to environmental goods scarcity and
fertility decisions of the households.

Following the preliminary survey, structured questionnaire was developed for the formal survey. The developed survey questionnaire was administered in pilot
survey using trained enumerators. This helps to pre-test the survey instrument, identify any shortcoming and make modification in some question before the
actual data collection. The second stage was the basic data collection, which includes demographic characteristics, income and assets, environmental goods
scarcity, and the observed mortality and fertility of the households. Secondary data were obtained from reports and other official documents.
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2.3 THEORETICAL FRAMEWORK

To develop a model for demand for children by households, it is assumed that children are demanded both for the consumption they provide as well as their
contribution to household production (Schultz, 1981; Desguptal993; Aggarwal et al., 2000). That is, the household’s demand for children can be categorized in
to consumer demand and producer demand. So we can postulate that the household maximizes a long run concave utility (U) derived from the number of
children (N), child quality (q), and final un-traded consumption good (z). Following Aggarwal et al (2001); and Schultz (1981), the mathematical model for
demand for children is given as follows.

U=U (N, q, 2) U;>0 for i=1,2,3 (1)
Where U;is the the marginal utility .
This utility function is maximized subject to the production function for number of children (N), child quality (q), final un-traded consumption commodities (z),
time constraint for women (T), men (M) and children (t), and a full income constraint. For simplicity it is assumed that child bearing is a women’s activity (which
is a common phenomenon in Ethiopia); the non-separable households are subsistence farmers, and production of the number of children is a function of a fixed
input technology of women's time (Ty) and purchased good (xy) required in the bearing of each child.
The child quality model denotes the health and nutritional status of the child. Thus, higher levels of child quality also imply higher chance of survival. Households
may take care about child quality because it gives higher consumer and producer demand for the households. It is assumed that quality per child is constant
across siblings and it is a function of the inputs of women'’s time to keep the quality of the child (T,), purchased good to keep the quality of the child (z,), and
measure of the state of resource scarcity (s).
q=q (Tﬂ/ Xo 5)/ q:> 0/ qz> 0/ qs <0 (2)
Where q:, g2, qs are marginal values for T, x, and s, respectively.
Note that, in the above formulation, child quality is assumed to be a decreasing function of s. This is consistent with the growth evidence that, resource
degradation exerts a negative influence on child health. Finally the production of the final un-traded consumption commodities, z, is given as
2=2 (T, t, X, Hy,S) 2:>0, 2,>0,23>0, >0 2z5<0 (3)
Where T,is women'’s time input in the prodution of z, t, is children time input in the production of z, x, is purchased good in the production of z and M, is men’s
time input in the production of z. z can be thought as final un-traded consumption commodities that are valued by the households. Among these consumption
goods is cooked food, which requires raw food, fuel, water, labor as inputs. Given this interpretation, it seems reasonable to include s as inputs in the production
of z. It is assumed that a more degraded environment leads to a lower z and lower marginal products of other inputs (zs < 0, for i= 1, 2, 3, 4). Also note that
children contribute to the production of this aggregate good. Therefore they are demanded not only as consumption good but also a productive asset.
Women'’s allocate their total time (T) between the following activities: Child bearing (Ty), investing in child quality (T,), in the production of final un-traded
consumption commodities (T,) and working in the labor market (T,)
T=NTy+NT,+T,+T, (4)
It is also assumed that children allocate their total time (t) to production of final un-traded consumption commodities. Note that the productivity of children
depends on their quality. So, in the quality units children’s time constraint is given as

t,=Nqt (5)
Men allocate their total time (M) in the production of final un-traded consumption commodities (M,) and working in the labor market (M.
M= M, + M, (6)

The full income budget constraint is given as

P (NXq+ X, + NXy ) = Wy T + WM+ V (7)
Where p is price of purchased goods, wy,, and wy are the wage rate for women’s and mens; and V is non human wealth of the households.
Maximizing (1) subject to (3)-(7), or maximize (8), with respect to the decision variables, number of children the households desire to have (N), mothers time
allocation for child quality (T,), and amount of goods purchased for child quality (x,) and decision of mother working in the labor market (T,), gives equation (9)-
(12), respectively.
Equation 1 can be written as

w w
w M v
U=Ul (N.q(Taxgs)z| (T-NTy=NTq =T )-Nat : Tt . .ML+—p-N-xq-NxN-M-MZ, 9|l ®

Us- Uszy (Tn+Tg) + Uszoqt —Uszs (xq +xy) =0 (9)

U,q; —Usz:N+ Usz,Ntq; =0 (10)

U2qz2 —Usz3 N+ Usz;Ntg, =0 (11)

U201 —UszsWy/p - Uszy =0 (12)
Manipulating equation (10)-(12) yields

21/23= q1/ G2=Wu /P (13)

This is the standard condition that the marginal rate of substitution between time and market inputs in the production of final un-traded consumption good, z,
and the production of child quality, g, is equal to the ratio of their opportunity costs (wWy/p)
Equation (9) can be written as

U1 + Uszoqt = Uszy (Tn+Tg) + Uszs (Xq +Xn) (14)
The left hand side of this equation represents the marginal benefits from the dual function of children as pure consumption good and as producers’ goods. The
right hand side represents the marginal cost of children in terms of the foregone consumption of mother’s time and market goods that are used up in the
bearing of an additional child and investing in child quality.
The system of equation (9) — (12) can be solved to get the reduced form equation which express the various endogenous variables in the system (N, q, z, Xy, Xq,
X2, Tn, To, T2, Tu, 2, Hy, H,, as a function of the exogenous variables (s, wy, p, V). The key equation of interest here is the reduced form equation for the demand for
children given as

N*=N*(s, wy, p, V) (15)

Where- N* is the derived number of children
2.4 ECONOMETRICS MODEL
Qualitative response models are numerous that are applied in different situations. What they have in common is that they are models in which the dependent
variables have a discrete out comes, such as ‘yes’ or ‘no’ decision, so that conventional regression methods are inappropriate for analyzing this type of data. A
conventional regression method also fails to account for the qualitative difference between limit (zero observation) and non-limit (continuous) observation
(Maddala, 1997).
In addition, the discrete out comes may have also censoring of values in certain ranges. A very common problem in microeconomic data is censoring of the
dependent variable. When the dependent variable is censored, values in a certain range are all transformed to (or reported as) a single value. A conventional
regression method is biased towards the censored value, in our case is, zero. For many studies a dependent variable that has a significant fraction of zero or
some constant values of observations have used Tobit model (Green, 2000).
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The major reason to use the Tobit model in this study was due to 22.1% and 16.4% of the sample households have zero birth of child in the five years and ten
years, respectively. The actual time for year’s gap, five and ten were used as a dependent variable for comparison. The last analysis of the Tobit model was
children ever born before ten years to estimate fertility.

When data are censored, the distribution that applied to the sample data is a mixture of discrete and continuous distributions. To analyze the distribution of

observed variable, y , we can transform y to the latent variable, y * , by

* — 1
Y *=0B'%*e&,
Where Y=0 ify* <0
Y=y* ify*>0
Where, y is observed variable and y* latent variable or unobserved.

The distribution of observed variable has two categories, that is, if PI’Ob(y: 0) = prob(y* < 0) = Q{i] 1- CD[ J if yk >0 then Y has
g

the density of y*, and y* ~N (,U, 0'2) . So the general formulation is given by
Y =B+ ¢
= ; %
Y;i=0 i yij*<0 (16)
— * i *
Yi=Y, if yit > 0

Where: yl * _ KX 1 vector of latent dependent variable, in this case desire to give birth;

B _ KX 1 vector of unknown parameters;

X | _ KX 1 vector of explanatory variables;

yl _ the vector of observed dependent variable (observed fertility);

&i _Residuals that are independently and normally distributed, with mean zero and common variance o’

For an observation randomly drawn from a population which may or may not be censored the conditional mean of yl is

(y |x.|) ('B X)(B'xi+ T M) (17)

UBX/9) | ¢
(5 x,/0)

Where AI and P are probability density function (PDF) and cumulative density function (CDF) of the standard normal,

respectively.
To calculate the conditional mean of equation (17) there is a need to know the parameters B and o 2 . So the task here is to estimate B and o 2 on the basis
of N observations on X | and yl . For their estimation the usual log likelihood was followed. The likelihood function of the Tobit model is

L= ﬂ[l-®(ﬁx|) A 1 (/2 D) 18)

(27702) 2
Where the first product is over the Ny observations for which Y;=0 and the second product is over the N; observations for which Y;>0

1 12
Y+2Xlog——— - le}/zaz(yi_,gxl) (19)

(2o 2)%

Logl = % ({1—«1{ ,B'xiJ

The summation Z is over the N0 observations for which yI =0 and the second summation is over the Nl observations for which yl >0.8y
0

taking the first derivatives of log L with respect B and O , we can estimate the parametersB and O .

To determine the elasticity of the significant variables (determinants of fertility), the formula for derivatives was used. In this part of analysis the exogenous
variables, which had only significant effect on the demand for children was considered. For marginal effect of the explanatory variables, the following equation
was used.

In  censoring  regression model with latent  regression y = ﬁ Xité and  observed dependent variable y=a if
ysa y= bif y 2 b, and Y =V otherwise, where a and b are constants, let F(E) and f (5) denotes CDF and PDF of & . Assuming that £

is a continuous random variable with mean 0 and variance 02 ,and f (E| X) =f (E) =0 then

dE(y

xi) *

= Bxprobla<, <b (20)
y

0X

Note that this general result includes the censoring in either or both tails of the distribution and it does not assume that & is normally distributed. For the

standard case with censoring at zero and normally distributed disturbances, the result specifies to

Byl @y
= fo (21)
9 Xi g
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The above marginal effect of the change in x has the following decomposition

0E( vi Xi) aE(yi X' Yi > 0)
= prob(yi >0)——————
6X. ax.
i i (22)
prob(yi > 0)
+ By, Xi'yi>0) a—
Xi

Thus a change in X has two effects; it affects the conditional mean of yI * in the positive part of the distribution and it affects the probability that the

observation will fall in the part of the distribution.

2.5 HYPOTHESIS (VARIABLES EXPECTED TO AFFECT FERTILITY)

In the estimation of fertility we used the number of ever born children in the last ten years (NEBCTY) and the number of ever born children in last five years
(NEBCFY) per women in the sample.

In theoretical part of this study (Equation 15), we have seen that the demand for children is a function of the women's wage rate, price of different commodities,
households' nonhuman wealth and the state of the environment. The task here is to identify the proxy variables of the above factors from the survey data.
Education of women (EDWF): - Education of woman is a dummey variable that takes one if she is literate, and zero otherwise. Almost all the sample rural
households do not participate in formal labor market and so wage rate data are not available for most women. It is a common practice to use complete years of
schooling as a proxy for women’s wages (Aggarwal et al, 2001; Schultz, 1981). However, women’s education may also have several independent effects on
fertility other than as a proxy of wages. Female education often delays the age at marriage. It may also alter preferences. In particular, it may lead mothers to
place higher value on the education of their children and thus induce a shift from quantity to quality of children. Female education is also commonly found to be
associated with higher probabilities of child survival. This may reduce fertility in so far as fewer births are required to meet a desired family size. Education may
also increase the ability to effectively use family planning services. All of these channels imply a negative relation between fertility and women’s education.
Therefore, it is expected that this variable is negatively related to the rate of fertility.

Price of fodder (PRCFOD): -This variable reflecting the status of availability of animal feed, and is used as a proxy for the scarcity of natural resource, natural
pasture. Environmental good scarcities increase the value of children to parents and will result in higher rate of fertility. However, according to Farina et al
(2001); and Nerlove (1993) frequent drought and environmental resource degradation and food scarcity are often recognized as factors reducing impact of
fertility in less developing countries. Price of fodder, as a proxy for pasture scarcity, is an alternative measures of others pasture scarcity. These are distance to
pasture area, amount of bundle of fodder collected per pulses and cereals produced and amount of bundle of fodder used per livestock holding. Among the
possible alternative measurements of scarcity of natural pasture, price of fodder is selected due to the exogenous nature of the variable. Where as, the other
possible alternatives are functions of households' decisions; therefore, they are endogenous from the theoretical background. As a proxy for pasture scarcity,
price of fodder is expected positively relate to fertility decisions.

Distance to drinking water sources (DISTWTR): -Distance to drinking water sources can be used as proxy for water resource scarcity. For the scarcity of
environmental goods, which are under communal ownership, distance is not the only indicator of the scarcity of the good. Rather, it is the weighted sum of the
distance traveled to the source and the time required to collect or fetch. The later factor is a function of population density and the concentration of the good
per unit area. According to the results of the preliminary survey, however, the density of the population per unit of the resource and/ or the concentration of
drinking water per unit area is homogeneous in the rural Sekota. Therefore, only distance of this resource is used as proxy for scarcity of the good. As a proxy for
a natural resource scarcity, distance to drinking water sources is also expected positively relate to fertility rate or demand for children (Aggarwal et al. 2000).
Time required collecting a bundle of firewood (TMFRWOOD): - Scarcity of fuel wood can be proxied by time required to collect a bundle of firewood (Filmers and
Prithet, 1996). As the scarcity of this fuel wood increase, the time required to collect per bundle increases. The time spent in collecting firewood is an indicator
of resource scarcity and, therefore, is expected positively relate to fertility rate.

Mortality of children (PNCED): - The state of the environments also affects child quality, and hence, indirectly, the demand for children. To measure child quality,
Aggarwal et al (2000) believe the use of anthropometrical data on the height and weight of children or their nutritional intakes are most appropriate. Schultz
(1981); Farooq, and DeGraff (1988) believe the use of athletics performance, school age and 1Q standards are most appropriate. However, all these variables
need sufficient time and resource to measure and collect; and it was difficult to do so in this study. Therefore, child mortality rate was used as a proxy for quality
of children.

The effect of mortality risk on fertility depends, amongst other things, on the curvature of the utility function, the perceived risk of mortality and the cost of an
additional child (Schultz, 1981; Aggarwal et al. 2000). It was hypothesized that the risk of child mortality rate is positively related to fertility rate, in which
demand for children is price inelastic. On the other hand it is negatively related to fertility when demand for children is price elastic. The demand elasticity of
children depends on the type of utility they provide to households. If children were sought by parents only as a household financial investment, for their supply
of labor and as a future means of assuring parental old age support, the demand for children could be quite elastic with respect to the changes in cost of the
survivor (Schultz, 1981). On the other hand, if households consider children only as consumption good, the demand for children could be inelastic with respect
to changes in cost of survivor. Therefore, it is difficult to hypothesize the direction of risk of child mortality rate effects on demand for children.

Age of women (AGEWIFE): - As the age of women increase the demand for children may increase or decrease depending on different situations. First an increase
of age may result in increase in demand for children for old age security, and at the same time decrease the demand for children presumably due to couples
adopt one or another method of birth control toward end of their child bearing year. It is believed that at on set of marriage households will not respond to
control their fertility. So it is difficult to hypothesize the effect of age of wife on the demand for children a priori.

Distance to health services (DISTHEAL): This variable is also expected to have impact on the demand for children through better access to modern contraceptive
and family planning. So it is hypothesized that access to family planning/ health organization is negatively related to demand for children (Filmers and Prithet,
1996).

Household calorie intake per adult (CALPCAP): -Among the very poor, increase in income reduces malnutrition and disease, and thus improve the ability of
women to bear children. After threshold level of income is reached, fairly early, any further increases in income are expected to lead to fertility decline (Farina et
al, 2001). It is hypothesized that as this ratio increases the households tend to increase demand for children. We expect that increase in income of households
proxy by the household calorie intake per adult, is positively related to the demand for children (Schultz, 1981).

3. RESULTS AND DISCUSSION

3.1 ESTIMATION PROCEDURE

In the theoretical model, resource scarcity affects demand for children in two principal channels. It directly affects the productivity of children as resource
collectors (equation 3). Resource scarcity also affects child quality (equation (2), and hence, indirectly, the demand for children. To measure child quality, the use
of anthropometrical data on the height and weight of children or their nutritional intake are most appropriate. It is also believed that the use of athletics
performance, school age and 1Q standards are most appropriate.

However data on the above are almost non-existence except school age. School age cannot appropriately measure the quality of children given highly subsidized
on the education of children of the nation at large. In addition almost all of the schools of Sekota district are beneficiaries on school feeding program. So as an
alternative, data on child mortality rate was used as proxy for child quality.
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Under the assumption that households’ preferences have rigid target of a minimum number of survivors at a certain age of their life cycle (as old age security or
otherwise), parents seek only survivor child. So the mortality effect determines fertility by changing the potential biological supply of births to parents and by
changing their behavioral demand for children. Factors operating on the supply side include primarily biological process and it is stochastic effects that are not
associated with the preferences of a couple (Schultz, 1981). Where as factors affecting demand include couples preferences on the number of children given the
probability of deaths of children in their life. That is hoarding, ex-ante response to expected mortality, and replacement, ex-post response to experienced
mortality. It is useful to draw the distinction between the demand for surviving children and the demand for births. In this study we emphasized on the demand
for births given a goal of surviving children. Households’ preferred level of fertility responds to variation in experienced and expected child mortality. So the
objective of the study is to identify determinants of fertility decisions of households (demand for births) given the expected and experienced child mortality rate;
the availability and scarcity of environmental goods and other socio economic factors.

Given the potential endogenous of child mortality on household fertility decisions, the Haussian test of endogenous was checked. The result showed that the
null hypothesis of probability limit of d (by —bis) = 0 (where by is the estimates of the parameter coefficient using instrumental variable method and bys is the
estimates of the parameter coefficient using least square method) was rejected using the Wald statistics. As a result, the instrumental variable method was used
to estimate the fertility equation. A set of variables such as age of wife, education of women, livestock holding, private owned land area, distance of health
center, cleanness of water dummy, calorie intake per adult equivalent and education of men have been identified to influence mortality. The predicted value of
child mortality regressed on explanatory variables, which had no impact on fertility but had significant effect on mortality, has been used as one explanatory
variable to estimate fertility. Hence, only the structural form of fertility estimation is presented.

In the theoretical model, it is also shown that number of children demanded (equation 15) is a function of non-human wealth. However, in our sampled
household data it was not possible to accurately identify the different sources of nonhuman wealth. It can be proxy by household calorie intake per household
calorie requirements, livestock holding and total area cultivatedThese explanatory variables have some correlation in each other from theoretical background.
Therefore, using these variables simultaneously as a proxy for non-human wealth may create multicolinearity. From these alternative proxies for non-human
wealth, household calorie intake per capita requirement was used for its comprehensiveness. However, this variable is not exogenous to household fertility
decisions from the theoretical background. Parents may decide to increase their consumption foregone of bearing child and vise versa. So it is necessary to test
the exogenous of these variables in the Tobit model. It was found that the exogenous of household expenditure was rejected using the Haussian test of the Wald
statistics.

Therefore, to get unbiased and consistent estimator, the predicted household calorie intake per requirement was used as an explanatory variable of the usual
instrumental variable techniques. Therefore in the estimation of fertility the structural form of the regression was used.

TABLE 1: REGRESSION OF HOUSEHOLD CALORIE INTAKE IN PULSES AND CEREAL EQUIVALENTS PER HOUSEHOLD REQUIREMENTS

Variable Coefficient Standard Error | t-ratio | Mean of X
Constant 0.62*** 0.20 3.098

Age of husband -0.76E-02* 0.41E-02 -1.84 40.62
Education of husband dummy=1 if literate | -0.11E-01 0.66E-01 -0.16 0.37
Private area cultivated in ha 0.21E-01 0.13E-01 1.570 5.00
Share crop in area cultivated in ha 0.23E-01** | 0.81E-02 2.847 | 3.35
Adults per total household number 0.56*** 0.19 2917 | 0.44
Dummy of PA=1 if Zarota 0.39*** 0.78E-01 5.06 0.26
Dummy of PA=1 if Maheber Selassie -0.82E-01 0.74E-01 -1.108 | 0.36
Adjusted R-squared 0.28885***

Number of Observations 122

The predicted household calorie intake per requirement was highly significant and some explanatory variables used in the prediction of this variable were found
significant. So the predicted value of the variable was well explained by the explanatory variables.
In this study, the observed fertility was used to measure the desired family size. Observed fertility is a result of the interaction between demand and supply of
children. However, there is insufficient information to separately identify demand and supply factors. Hence the model of observed fertility that we estimated
includes both demand and supply factors (Aggarwal et al. 2000). So it is important to regress the observed fertility of different woman’s age groups separately to
avoid the supply bias of the fertility decisions of households. However, due to the smallness of the sample households, dividing into different women’s age
groups will result in inefficient log likelihood estimates (Maddala, 1997; and Green, 2000). So, to avoid the supply side bias and to have large sample size,
women’s age group dummies were included as an explanatory variable rather than simply women's age.
In estimation of fertility decisions of households in response to environmental goods, different levels and criteria of environmental good scarcity measurements
are hypothesized. These are distance travel to sources of water for drinking water scarcity, time required to collect a bundle of firewood for scarcity of fuel wood
and price of a bundle of fodder for scarcity of natural pasture. A potential problem with the measurement of these resource scarcities was that do not capture
the inter-seasonal variation in resource availability in a given community. This is due to, for example, water and wood for domestic use cannot generally be
stored over an extended period. However, the collection of fodder has no problem on this regard. Therefore the measure of resource scarcity concerning fuel
wood and drinking water in our data did not reflect seasonal variation of the goods that the community faces. The data collected for the specific period, amount
of bundle of firewood collected within a week for example, does not take in to account the season’s variation. However, it is plausible to assume that the
scarcity of these resources vary within seasons uniformly among individuals within a cluster and/ or among clusters. So there is no significant difference in taking
either the annual season averages or specific seasons or days of a year.
Another important problem with this measurement was an exogenously given level of stress posed by the local environment and the households’ response to
this stress. Thus, for instance, due to scarcity of the pasture for the specific season of the year, households may use different areas for the sources of this natural
pasture, as a result they may respond different distance of pasture but facing the same level of scarcity of the good. Another example, it is possible for two
households who face the same level of exogenous scarcity of water and firewood, to report different time requirement per trip to fetch water or to collect the
same bundle of firewood.
The proxy for pasture scarcity, price of fodder, however has no problem regarding to endogenous to households decisions. As far as the scarcity of fuel wood
and drinking water are concerned, which have proxy by time require to collect firewood and to fetch water respectively have an endogenous problem. A
theoretical better alternative would be to eliminate the resource scarcity variable of the household level effect and isolate a cluster specific measure of scarcity
by running cluster level regression (Aggarwal et al. 2000). To reduce the endogenous problem, it would be to look at cluster average of these variables which
inturn implies the assumption that all households within a given cluster face the same exogenous level of scarcity. The two environmental good scarcity
variables were regressed in the following fashion (see equation 23). The structural of these resource scarcity variables used for the estimation of fertility.

RS;j= aj + X + uj wherej=1,2,3 (23)
Where RS;; was resource scarcity in cluster j and household i, X; was the explanatory variables that may affect the households respond to scarcity in specific

cluster variables, a; is the cluster specific fixed effect and u; is a random disturbance term with mean zero and constant variance 0’2. To predict water and fuel
wood scarcity, women’s education level, dependency ratio and predicted household consumption were used as an explanatory variable for the three clusters.
For scarcity of pasture, price of fodder was taken as exogenously on the assumption that households’ decision to purchasing and selling of fodder has no effect
on the price of fodder.
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There is also a potential problem with examining the impact of resource scarcity on fertility rates through the estimation procedure. The problem is that fertility
rates in a given community are important components of its population level. Neither the population growth rate nor the intensity of environmental resource
use is exogenously given. They are determined jointly by complex combination of history, opportunities, human motivation, ecological opportunities and chance
factors (Boserup, 1990). So if population level affects resource use, or there are omitted variable that affect both, the estimated parameters will be biased. For
example, it is often observed those social norms and other community factors play a very important role in determining fertility rates.

Often neglected institutional forms that arguably play major roles in agrarian economy and demographic outcomes are family and gender systems, village and
community structures, government’s administrative arrangements and legal systems (McNicoll and Cain, 1990). Cultural factors also influence the use and
management of common resources. However, as information on cultural factors is not available, the estimated coefficients on the resource scarcity variables
may reflect either the impact of resource scarcity or different in cultural factors. To avoid such bias we used cluster/ PA as dummy variable, on the assumption
that social norms and community natural resource managements are homogenous within the cluster/ PA level.

Before households’ decision on fertility was estimated, multicolinearity check up was made on the explanatory variables. The multicolinearity test was
undertaken using variance inflation factor (VIF) for continuous variables and contingency coefficients (CC) for the discrete variables. It was found that no
multicolinearity problems for all the explanatory variables that we used.

3.2 DESCRIPTIVE ANALYSIS OF THE VARIABLES

The variables considered in the model are:

. NEBCTY= Number of Ever Born Children in the last Ten Years

. NEBCFY= Number of Ever Born Children in the last Five Years

. EDUWM= Education of women

. CALPERCA= Household calorie intake per adult

. PNCED = Mortality of children

. PRCFOD = Price of fodder

. DISTWTR= Distance to drinking water sources

. TMFRWOOD = Time required collecting a bundle of firewood

. DISTHEAL = DISTHEAL

. AGWSCOH =Age of women second category (a dummy variable)

. AGWTHDCO = Age of women third category (a dummy variable)

. AGWFOR = Age of women fourth category (a dummy variable)

o AGEWIFIV = Age of women fifth category (a dummy variable)

. AGEWSIXC = Age of women sixth category (a dummy variable)

. ZAROT = Zaraota PA (a dummy variable)

. MAHEB = Mahiber Selassie PA (a dummy variable)

Table 2 summarizes mean value of the explanatory variables used in the estimation of Number of Ever Born Children in the last Ten Years (NEBCTY) and Number
of Ever Born Children in the last Five Years (NEBCFY) period specifications. It summarizes the mean value of each explanatory variable in the three clusters and
provides the general average value for the district. The dependent variables are NEBCTY and NEBCFY. NEBCTY was highest in PA1 (2.87 children per women),
followed by PA2 (2.85 children per women) and the smallest in PA3 (2.77 children per women). The sample households’ birth on average was 2.83 children per
women in the last ten years. Likewise, the NEBCFY was highest in PA3 (1.52), followed by PA2 (1.5) and the smallest birth in PA1 (1.47). The sample households’
birth per women on average was 1.5 children in the last five years. All the explanatory variables that are used in the estimation of fertility were presented in the
table both the sample households and cluster mean level.

Education of women (EDWN): - Education of woman is a dummy variable that takes one if she is literate, and zero other wise. It was 0%, 9% and 4% in PA1, PA2
and PA3 respectively; and 5% for the district average

Price of fodder (PRCFOD): -This variable reflecting the status of availability of animal feed, and is used as a proxy for the scarcity of natural resource, natural
pasture. Price of fodder, as a proxy for pasture scarcity, is an alternative measures of others pasture scarcity. These are distance to pasture area, amount of
bundle of fodder collected per pulses and cereals produced and amount of bundle of fodder used per livestock holding. Among the possible alternative
measurements of scarcity of natural pasture, price of fodder is selected due to the exogenous nature of the variable. Whereas, the other possible alternatives
are functions of households' decisions; therefore, they are endogenous from the theoretical background. It was found that 8.08, 8.00 and 9.52 Birr/ bundle in
PA1, PA2 and PA3, respectively. The district average was 8.57.

TABLE 2: MEAN VALUE OF EXPLANATORY VARIABLES USED IN THE ESTIMATION OF FERTILITY

Variables Mean Values

PAl1l PA2 PA3 Total
NEBCFY 1.4688 | 1.5000 | 1.5227 | 1.5000
NEBCTY 2.87 2.85 2.77 2.83
EDUWM 0.00 .09 .04 .05
CALPERCA 4.54 0.81 0.83 0.83
PNCED 0.81 0.58 0.65 0.63
PRCFOD 8.08 8.00 9.52 8.57
DISTWTR 0.29 0.44 0.39 0.38

DISTHEAL 2.76 1.81 2.29 2.23
TMFRWOOD | 2.43 1.51 2.06 1.95
AGWSCOH 0.22 0.15 0.27 0.21
AGWTHDCO | 0.22 0.33 0.23 0.26
AGWFOR 0.25 0.26 0.18 0.23
AGEWIFIV 0.22 0.15 0.14 0.16
AGEWSIXC 0.06 0.07 0.09 0.07
ZAROT 1.00 0.00 0.00 0.26
MAHEB 0.00 0.00 1.00 0.36
Distance to drinking water sources (DISWT): -Distance to drinking water sources can be used as proxy for water resource scarcity. For the scarcity of
environmental goods, which are under communal ownership, distance is not the only indicator of the scarcity of the good. Rather, it is the weighted sum of the
distance traveled to the source and the time required to collect or fetch. The later factor is a function of population density and the concentration of the good
per unit area. According to the results of the preliminary survey, however, the density of the population per unit of the resource and/ or the concentration of
drinking water per unit area are homogeneous in the rural Sekota. Therefore, only distance of this resource is used as proxy for scarcity of the good. Distance of
drinking water was 0.29, 0.44 and 0.39 hrs in one way walking in PA1, PA2 and PA3 respectively; 0.38 was the district avegae.
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Time required collecting a bundle of firewood (TMRCFRWD): - Scarcity of fuel wood can be proxied by time required to collect a bundle of firewood (Filmers and
Prithet, 1996). As the scarcity of this fuel wood increase, the time required to collect per bundle increases. The time spent in collecting firewood was 2.43, 1.51
and 2.06 hrs/ bundle in PA1, Pa2 and PA3 respectively; and the district average was 1.95 hrs/ bundle

Mortality of children (PNCED): - The state of the environments also affects child quality, and hence, indirectly, the demand for children. To measure child quality,
Aggarwal et al (2000) believe the use of anthropometrical data on the height and weight of children or their nutritional intakes are most appropriate. Schultz
(1981); Farooq, and DeGraff (1988) believe the use of athletics performance, school age and 1Q standards are most appropriate. However, all these variables
need sufficient time and resource to measure and collect; and it was difficult to do so in this study. Therefore, child mortality rate was used as a proxy for quality
of children.

The effect of mortality risk on fertility depends, amongst other things, on the curvature of the utility function, the perceived risk of mortality and the cost of an
additional child (Schultz, 1981; Aggarwal et al. 2000). It was hypothesized that the risk of child mortality rate is positively related to fertility rate, in which
demand for children is price inelastic. On the other hand it is negatively related to fertility when demand for children is price elastic. The demand elasticity of
children depends on the type of utility they provide to households. If children were sought by parents only as a household financial investment, for their supply
of labor and as a future means of assuring parental old age support, the demand for children could be quite elastic with respect to the changes in cost of the
survivor (Schultz, 1981). On the other hand, if households consider children only as consumption good, the demand for children could be inelastic with respect
to changes in cost of survivor. Therefore, it is difficult to hypothesize the direction of risk of child mortality rate effects on demand for children.

Household calorie intake per adult (CALPCAP): - Household calorie intake per adult is used as a proxy for income of the households. Among the very poor,
increase in income reduces malnutrition and disease, and thus improve the ability of women to bear children. After threshold level of income is reached, fairly
early, any further increases in income are expected to lead to fertility decline (Farina et al, 2001). We expect that increase in income of households proxy by the
household calorie intake per adult, is positively related to the demand for children (Schultz, 1981). Calorie per capita (CALPERCA) was highest in PA1, 4.5 kcal/
per person, followed by PA3, 0.83 kcal/ per person, and the lowest in PA2, 0.81; and the district average was 0.83 kcal/ per person.

Age of women (AGEWIFE): - As the age of wife increase the demand for children may increase or decrease depending on different situations. First an increase of
age may result in increase in demand for children for old age security, and at the same time decrease the demand for children presumably due to couples adopt
one or another method of birth control toward end of their child bearing year. It is believed that at on set of marriage households will not respond to control
their fertility. So it is difficult to hypothesize the effect of age of wife on the demand for children a priori.

Distance to health services (DISTHEAL): This variable is also expected to have impact on the demand for children through better access to modern contraceptive
and family planning. Distance of health was 2.76, 1.81 and 2.29 hours in one way walking in PA1, PA2 and PA3 respectively; and it was 2.23 for the district
average.

3.3 RESULTS OF THE TOBIT ESTIMATES OF FERTILITY

The result of the Tobit estimation of fertility is presented in Table 3. According to these results the coefficient of the predicted number of children ever died
(PNCED) was found to be negative and significant to determine household’s decision on their fertility in both NEBCFY and NEBCTY specification.

Households’ react to child mortality can be categorized as hoarding and replacement. Hoarding is the ex-ante response to expected mortality of offspring while
replacement is the ex-post response to experienced mortality. Households respond to a sequential decision to fertility taking in to account both types of
responses. It is also true that these effects of mortality risk relate to fertility. When the time gap of replacement, experienced child mortality of households to
respond to fertility, is minimal (or nil) , the effect of mortality risk may not be significant though households respond to hoarding. However, in the NEBCTY and
NEBCFY specifications, both the replacement and hoarding have enough time to respond to the fertility of households. Hence predicted mortality has significant
effect on fertility in NEBCTY. It is effect is significant at ( @ <10%).

The possible reason for the negative relationship between child mortality and fertility might be the demand for children is price inelastic and associated to a
desired to offset experienced or anticipated child mortality. Parents seem to respond to the an increase in child mortality by having more births, perhaps to
some extent because of biological effect of an infant’s death, which interrupts lactation and shortens the mother’s sterility following a birth.

TABLE 3: TOBIT ESTIMATION OF HOUSEHOLD FERTILITY IN THE PAST TEN AND FIVE YEARS

Explanatory variables NEBCTY NEBCFY Mean of X

Constant 12.54%** | 9.45%**
(2.26) (2.04)

EDWF (dummy)=1 if literate -0.98*** | 0.22 0.49E-01
(0.37) (0.34)

DISTHEAL -0.17 -0.86E-01 2.23
(0.10) (0.93E-01)

PRCFOD 0.14 0.11 8.36
(0.16) (0.14)

TMFRWOOD -4.44%** -3.23%** 1.95
(0.70) (0.64)

DISTWTR -3.19%* -3.50** 0.38
(1.30) (1.17)

PNCED -0.73* -0.83* 0.63
(0.39) (0.35)

CALPCAP -2.41%%* -1.46* 0.82
(0.76) (0.68)

AGWSC (dummy)=1 if age is 21-26 1.38%** 0.73* 0.21
(0.40) (0.35)

AGWTHD (dummy)=1 if age is 27-32 1.90*** 0.59 0.26
(0.43) (0.38)

AGWFOR (dummy)=1 if age is33-38 1.29%* 0.33 0.23
(0.46) (0.41)

AGEWIFIV (dummy)=1 if age is 39-44 1.22%* 0.27 0.16
(0.53) (0.47)

AGEWSIXC (dummy)=1 if age is 45-49 | 0.52 -0.58 0.74E-01
(0.65) (0.60)

ZAROT (dummy)=1 if PA1 2.87*** 1.77%** 0.26
(0.44) (0.39)

MAHEB (dummy)=1 if PA3 -0.73%** -0.53** 0.36
(0.23) (0.21

Log likelihood function -152.06 -136.95

Number of observation 122 122

Note: ***Significant at 1% level, **significant at 5 % level, *significant at 10 % level
The parentheses are the standard errors of the estimates.
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The effect of calorie consumed per capita was also found to be highly significant ( & < 1%) on the demand for children in ten years period specification. In five
years specification, it is significant at a significant level of (' < 10%).

However, calorie intake per capita in both children ever born in the last ten years and in the last five year was negative related in this study. This might be
related to the principal individual level strategy for copping with pasture shortage. In rural Skota, the copping strategy for pasture shortage is to move to other
areas. This response to the pasture scarcity might have major consequences for the demographic behavior of the community. Livestock owners of the rural
Sekota are more mobile in the season or years of pasture scarcity. Even though children’s’ are the main herder of the livestock for the normal period, adult male
are the main herder in seasons or years of pasture scarcity. The community arranges groups from adults, mostly household heads, to herd the livestock of the
community in areas where there is ample pasture in that season. Households having large herd will be more responsible for migrate/ move the livestock in
different areas. It is expected that the household that have more livestock will have a probability of high calorie intake per adult.

In prolonged pasture scarcity, adults, probably household heads temporarily move their livestock to neighboring PA or even go to other districts or
administrative zones that have ample pasture for this season. This coping mechanism of the community to pasture scarcity results separation of husband and
wife in longer period, as a result reducing fertility will occur. So the possible reasons for the negative relationship between household calorie intake per adult
and fertility might be related to migration of husbands in pasture deficit season’s intern long abstinence of the couples.

However non-holder of livestock or those who have less number of livestock will not move in pasture deficit season. It is true that they migrate in food deficit
seasons. The separation of the couples and the whole family in non-livestock owners is minimal for food deficit seasons (SERA, 2001).

The time required to collect firewood per bundle (proxy measure of fuel wood scarcity) was found to affect fertility negatively and highly significant ( Q' < 1%) in
both periods’ specifications. This variable was found negatively related to the fertility of households within ten years and five years period specifications. The
difference in the relative value of human time, particularly the opportunity costs of women’s that commonly is thought to contribute a substantial share of the
total cost of child rearing. This negative relation between fuel wood scarcity and fertility may be due to the division of labor in case of high scarcity. We have
seen that as this resource become scarcer, adults' especially male adults were the main collectors of this good. We have also seen that the main collectors of
fuel wood are female and male adults. High scarcity of this good is equivalent to say high shadow price of the good, increase the opportunity costs of women's
time as long as women's are the main collectors of this good. Therefore, households have no incentive to have additional child on the assumption that children
were not participate in the collection of fuel wood or the participation of children in fuel wood collection is minimal.

It is consistence with Nerlove (1991). He argues that a positive relation between resource degradation and fertility is more likely to be observed at low levels of
resource degradation. According to him, with continued deterioration of the resource base, this relation ship must eventually turn from positive to negative. This
would be due to highly degraded environments; the perceived costs of raising children may exceed the benefit they provide as producer goods. So demand for
children will rise only if the increase in perceived benefits of children due to increase in resource scarcity is greater than the cost of additional child.

TABLE 4: PARTIAL DERIVATIVES OF THE EXPECTED VALUES OF THE DEPENDENT VARIABLES WITH RESPECT TO THE EXPLANATORY VARIABLES

Explanatory variables NEBCTY NEBCFY Mean of X
EDWF (dummy)=1 if literate -0.94%** NS 0.49E-01
(0.35)
DISTHEAL NS NS 2.23
PRCFOD NS NS 8.36
TMFRWOOD -4.26*** -3.05%** 1.95
(0.67) (0.60)
DISTWTR -3.02** -3.24** 0.38
(1.23) (1.08)
PNCED -0.68* -0.75* 0.63
(0.36) (0.32)
CALPCAP -2.31%%*  (0.73) | -1.32* 0.82
(0.62)
AGWSC (dummy)=1 if age is 21-26 1.32*%**  (0.38) 0.66* 0.21
(0.32)
AGWTHD (dummy)=1 if age is 27-32 1.82*%**  (0.41) NS 0.26
AGWFOR (dummy)=1 if age is 33-38 1.22*%*  (0.43) NS 0.23
AGEWIFIV (dummy)=1if age is 39-44 | 1.15** (0.50) NS 0.16
AGEWSIXC (dummy)=1 if age is 45-49 | NS NS 0.74E-01
ZAROT (dummy)=1 if PA1 2.76%**  (0.42) | 1.67*** (0.37) | 0.26
MAHEB (dummy)=1 if PA3 -0.70***  (0.22) | -0.49** 0.36
(0.20)
Log likelihood function
Number of observation

Note: ***Significant at 1% level, **significant at 5 % level, *significant at 10 % level

The parentheses are the standard errors of the estimates.

Among environmental good variables, scarcity of water that has been proxy by distance to drinking water was also found significant at a significant level of &' <
5% in both period specifications.

The sign of this variable was also negatively related to the fertility decisions of households This relation might be due to the same reason we have discussed in
fuel wood scarcity.

As expected, education of women affects fertility negatively in NEBCTY specification and the relationship was significant at & < 1%. That is, certain level of
women’s education was found to decrease the observed fertility, other things held constant.

Age of women was also found significantly affect fertility for some age of women'’s category. Its effect was found positive and significant for the women’s age
category of 2, 3, 4 and 5 in the fertility of women in last ten years period specifications. It was significant for a significant level of & < 1%, & < 1%, & < 5% and
A < 5%, respectively. While, it was not significant for the last women’s age category and unobserved dummy /benchmark/ (women's age ranges between 15-
20 years) in this specification. It was found that all of the women's age categories affect fertility positively, set unobserved dummy = 0 coefficients. As far as in
NEBCFY specification is concerned, it was found significant only in the second women’s age category (age =21-26) at a significant level of & < 10%.

The other explanatory variables that affect fertility were the clusters dummies, that is the specific fixed effect in the two PAs, those factors that are not
identified and not included in the estimation of fertility, was highly significant ( @ < 1%). In Table 4 the marginal value of the explanatory variables are
presented.
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TABLE 5: POINT ELASTICITY

Explanatory variables NEBCTY NEBCFY Mean of X
EDWF (dummy)=1 if literate -0.016*** | NS 0.49E-01
DISTHEAL NS NS 2.23
PRCFOD NS NS 8.36
TMFRWOOD -2.94%** -3.96*** | 1.95
DISTWTR -0.43** -0.82** 0.38
PNCED -0.15* -0.31%* 0.63
CALPCAP -0.67%** -0.72%* 0.82
AGWSC (dummy)=1 if age is 21-26 0.1*** 0.09* 0.21
AGWTHD (dummy)=1 if age is 27-32 0.17*** NS 0.26
AGWFOR (dummy)=1 if age is 33-38 0.1%* NS 0.23
AGEWIFIV (dummy)=1if age is 39-44 | 0.06** NS 0.16
AGEWSIXC (dummy)=1 if age is 45-49 | NS NS 0.74E-01
ZAROT (dummy)=1 if PA1 0.25*** 0.29*** 0.26
MAHEB (dummy)=1 if PA3 -0.09%** -0.12%* 0.36

It is calculated on mean of the explanatory variables and mean of NEBCTY=2.83 and NEBCTY=1.5

Table 5 summarizes the point elasticity of fertility with respect to the resource scarcity variables and some other explanatory variables that significantly affect
the fertility estimates. The purpose here is to get a better perspective on the magnitude of impact of resource scarcity and other variables. As shown in the
table, the point elasticity of the time required to collect bundle of firewood was around —2.94 at the sample mean level in ten years period specification. As
compared to this, elasticity of education of women was found to be -0.016. While the elasticity of calorie intake per capita was -0.67, this means a 1% increase
of time required to collect fuel wood per bundle on the average results decreases of 2.94 percent on the prevailing average fertility. Comparing to the other
environmental goods, drinking water, and a 1% increase distance of drinking water results a decrease of the prevailing rate of fertility by 0.43%. While a 1%
increases of the education status of the women will result in a decreases of 0.016% of the existing fertility level, and the same percentage increases of calorie
per adult equivalent will result a decreases of fertility by 0.67%. Likewise a 1% increase of child mortality will result 0.15 decrease of the prevailing fertility rate.
It was found that the elasticity of fuel wood scarcity, TMFRWOOD, (2.94) is greater than almost four and half times the elasticity of predicted calorie intake per
capita, CALPCAP (0.67). If we compare to water scarcity, the elasticity of TMFRWOOD is almost seven times greater than elasticity of water scarcity, DISTWTR,
(0.43). It is also greater than almost twenty times the elasticity of predicted mortality, PNCED, (0.15). When we compare the elasticity of the women’s age
categories, it is highest in the third age category (27-32) of the women (0.17), followed by the second and fourth age category, each of which has an elasticity of
0.1. While the elasticity of the fifth women’s age category has an elasticity of (0.06)

Look at another way; if the time taken to collect firewood decrease from the present level of around 1.95 hrs to 0.975 hrs, number of children ever born in the
last ten years (NCEBTY) will increase from the present level of 2.83 children per women to 4.3 children per women. Similarly a 50% decrease of DISTWTRW,
proxy for scarcity of drinking water, (that is from the present level of 0.38 hours to 0.19 hours), the present level of fertility increase from 2.83 to 3.045 children
per woman. A decrease of predicted consumption from the present level of 0.82 to 0.41 (the same percentage decrease of firewood, 50%) will also result an
increase of NCEBTY from the present level of 2.83 children per women to 3.165 children per women.

If the predicted number of children ever died (PNCED) decrease from the present level of 0.63 to 0.31, the expected fertility will decrease from the present level
of 2.83 children per women to 2.755 children per women. The increase in women’s education from the present level of 4.9% to 7.35% (50% changes in women'’s
education) will result in the decrease of NEBCTY from the preset level of 2.83 children per women to only 2.807 children per women. This shows how the
women’s education is less responsible for the reduction of fertility for the rural Sekota.

If the existing proportion of women'’s age category increase or decrease, would result a change of the average total fertility rate per specific period. For example,
if the existing proportion of the second women’s age category, AGWSC, decreases from 21% to 10.5%, the level of fertility decreases from the present level of
2.83 to 2.69 children per woman. As compared to the other women's age category, the same percentage decrease of proportions women’s age category, 23% to
11.5% for the fourth women’s age category, AGWFOR, will result the same change to second age category. While the same proportional decrease of the third
women’s age category, AGWTHD, in the population (from 26% to 13%) will result a decrease of the present level 2.83 to 2.59 children per woman. Likewise, a
50% decrease of the proportion of the fifth women’s age category, AGEWIFIV, from 16% to 8% will result a decrease of the existing women'’s fertility of 2.83 to
2.75 children per women.

4. SUMMARY AND CONCLUSION

In this study, the impact of environmental good scarcity on demand for children was analyzed. Resource scarcity is likely to affect on the production of child
quality. In this study, the impact of fuel wood, water and pasture scarcity on fertility rate was examined using household data from rural Sekota. An individual
choice model of fertility was estimated in which resource scarcity effect on the demand for children through its effect on child mortality and productivity of
children as resource collectors. It was found that part of environmental goods, drinking water scarcity and fuel wood scarcity variables, have a negative and
significant effect on fertility. The other variable, which has also directly or indirectly related to environmental good scarcity and that affects fertility, was risk of
child mortality rate. Other variables, which have also affect fertility other than environmental goods, were calorie intake per capita, education of women and
age of women categories.

As far as the women education is concerned, the result from our estimate indicated that it was negatively related to in NEBCTY specification. Although this
variable is highly significant, the fertility reduction or the success of family planning will not responsive on the improvements of women's education in the
future. This is due to the fact that, from the total sample households only 4.9% of the women are literate. For instance by some program or project if the
women’s education increases by 100%, say 9.8% of the women’s were literate, then the existing fertility will only decrease by only 0.05 children per women in
the population, that is from 2.83 to 2.78 children per women in ten years period of women'’s fertility. So from different angles, it is difficult to conclude that
improvements in fertility decisions of women can be achieved solely from an increase of women’s education.

Another ambiguous and unexpected result regarding to the fertility decisions of households in rural Sekota was that household consumption level affect fertility
negatively. Further decrease of household consumption level as well as long migration for adult male for copping the pasture shortage might have a negative
effect on human fertility and may indeed adversely affect the growth and survival of small children. The indirect and long term demographic consequences of
the drought on degraded areas, such as rural Sekota, are therefore, probably much more important than any direct effect linked to temporary increases or
reduction in fertility.

Among the explanatory variables that affect fertility decisions of households, scarcity of fuel wood, TMRFWOD, was found to be the major determinants in
absolute value, 2.94, followed by household calorie intake per requirements, CALPCAP, 0.67and the third important determinant was drinking water scarcity,
DISTWTR, 0.43.

Most of the family planning objective, whether it uses modern contraceptive or the natural infecundibility, is to control or minimize the fertility potential
(fecundability) of women'’s. The elasticity of different women’s age group dummy indicates the probability responsiveness of each woman’s age category to
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fertility. So to achieve the objective efficiently, the family planning should emphasize on the middle age groups. But it doesn’t mean that the first and last age

group of women'’s left aside.

Itis also true that, where family planning programs provided a service that few as yet wanted, they have expended resources to little effect. The NPP of Ethiopia

has developed strategies and programs to get the objectives of the policy. The programs that launched in educational and health sectors has taken the

participation of women in education and the health of the women as well as to expand reproductive health and family planning as the major strategies.

However, from this case study, we have seen that distance to family planning, a proxy for access to health service, has no significant effect to fertility. It is also

true that, the education level of women has significant effect on fertility; however, its responsiveness to fertility is minimal. So the NPP of Ethiopia has also taken

in to alternative strategies to areas that have the same agro ecological and socio economic settings to rural Sekota. This does not mean that the program has no
appropriate strategies at national level. This strategy might be suitable for other areas, though it is less appropriate for the study area. The following particular
strategies should be taken in to account as components of the NPP of Ethiopia for areas like the rural Sekota.

1.  Child health: - In this study, child mortality has a significant effect on the fertility of women in rural Sekota. It is not only significant but also the fourth
important determinant of fertility.

2. Education of Child: - Environmental good scarcity, like scarcity of fuel wood and scarcity of drinking water, was found to be negatively related to fertility of
households. These variables are the first and third most important determinants of fertility. The negative relation between resource degradation and
fertility is more likely to be observed at highly deterioration of the resource base. This would be due to in highly degraded environments; the perceived
costs of raising children may exceed the benefit they provide as producer goods. So demand for children will rise only if the increase in perceived benefits
of children due to increase in resource scarcity is greater than the cost of additional child. So it is plausible to assume that households demand children in
rural Sekota is for consumption only. Consumer demands for children have a diminishing tendency to reply parents’ investments in terms of market goods
and services. Thus the marginal (consumer) benefits to additional children might decline. Parents might want to school their children for more years, and
achieving this goal might be viewed as a good substitute for having additional child. Parents will further decrease their demand for children in highly
degraded areas provided that they have the opportunity and potential to teach their child.

In addition to the above policy options, the following research options should be considered as long as the fertility decisions of households in response to

environmental good scarcity is concerned. These are: -

1.  Use of panel data: - It is believed that the different specifications to control the endogenous effect may have some draw back on the results of the fertility
estimation. Besides, the most series limitation to this study is the fact that the cross sectional data from a single year to examine what is essentially a
dynamic response of households to the continually changing resource bases. A panel data set over a relatively longer period of time, say for ten years, or
even longer, would be more appropriate for the purpose of the study.

2.  Consider wider areas for the level of environmental good scarcity and socio economic settings: - It is also important to consider wider areas that cover a
wide range of agro ecological zones to have different natural resource settings. This helps to have the resultant matrix of the explanatory variables, both
socio economics and environmental good availability and scarcity levels, capture a wider range of values with respect to woman's fertility and child
mortality rates.
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