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Abstract The dramatic changes in the earth’s landscape have prompted increased

interest in the links between population, land use, and land cover. Previous research

emphasized the notion of population pressure (population pressure increases

demands on natural resources causing changes in land use), overlooking the

potentially important effects of changes in land use on humans. Using multiple data

sets from the Chitwan Valley Family Study in Nepal, we test competing hypotheses

about the impact of land use on first birth timing. We argue that while agricultural

land should encourage early childbearing, land area devoted to public infrastructure

should discourage it. The results show that individuals from neighborhoods with

larger proportions of land under agriculture experienced first birth at rates higher

than those from neighborhoods with smaller proportions. On the other hand, indi-

viduals from neighborhoods with larger proportions of land under public

infrastructure experienced first birth at rates lower than those from neighborhoods

with smaller proportions. However, the effects of public infrastructure are not as

strong as the land area devoted to agriculture.
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Introduction

The past century has witnessed dramatic changes in the earth’s landscape and

natural resources. These dramatic changes have prompted increasing research on

land use and land cover change. A large number of studies have successfully

documented the extent, intensity, and determinants of land use and land cover
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change (Enwistle et al. 2003; Goldewijk 2001; Lambin 1997; Lambin et al. 2000).

Particularly with the application of remote sensing technology, numerous studies

have documented the changes in land use and land cover in great detail. While part

of the land use and land cover change is a natural process, a large part of these

changes are caused by human activities (Liu et al. 2003). Indeed, the dramatic

changes in land use and land cover are found to be associated with agriculture

(Wolman 1993) mainly for food production (Bongaarts 1992, 1996; Lutz et al.

2002). As a result, the impacts of population pressure on land use and land cover

change have drawn a great deal of attention in the research arena.

Although previous studies have been extremely useful in documenting the extent,

the intensity, and the determinants of land use and land cover change with great

detail, they have been less useful in explaining the consequences of the changes in

land use and land cover on humans. With the exception of some indirect

consequences of land use and land cover change through climate change or loss of

biodiversity very little attention has been given to the effects of the changes in land

use and land cover on human behavior. Indeed, in many societies, particularly in

natural resource dependent agrarian societies, changes in land use patterns and land

cover have a tremendous impact on social context (Wolman 1993; for details also

see Simmons 1987). Thus, changes in land use patterns, particularly at the local

community level, may have important consequences for the way individuals’ daily

social lives are organized in those communities. Sometimes it does not even require

changes from one type of land use to another for consequences to be felt. Changes in

the way we work with land can bring important changes in society (Foster and

Rosenzweig 2003, 2004). Likewise, although major social theories and empirical

research suggest important contextual influences on individuals’ behaviors

(Alexandar 1988; Coleman 1990; Durkheim 1984 [1933]; Fischer 1982; Mills

1959; Smith 1989), very little has been done linking land use to individuals’ family

behaviors such as their fertility behaviors. Thus, despite the potentially important

influence of land use on fertility behavior, contemporary environmental sociologists

have yet to enter this promising line of research (Dasgupta 2000).

In this paper we examine this missing, but quite plausible, link between land use

and one aspect of fertility behavior, namely first birth timing. Unlike previous

studies, we argue that human-land interactions are localized and reciprocally

interconnected, therefore, variation in land use at the local community level is

likely to have important influences on humans’ behaviors, including their fertility

behaviors. More specifically, because agricultural activities do not require high skill

levels and therefore increase the opportunities for child employment and returns to

child labor, individuals living in communities with larger proportions of agricultural

land area may be more likely to prefer early childbearing than those from

communities that have smaller proportions of land devoted to farming. In contrast,

availability of public infrastructure such as schools, roads, and irrigation canals is

likely to reduce the opportunity of (and need for) child employment and increase the

opportunity costs of childbearing relative to consumption and carrier aspirations.

Therefore, individuals from communities with large proportions of the land area

devoted to public infrastructure may be less likely to prefer early childbearing than

those from communities with smaller proportions devoted to public infrastructure.
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However, because our study setting is predominantly agricultural, we expect to find

stronger effects for proportion used for agriculture than for proportion used in public

infrastructure.

To execute this study we take advantage of unique data resources from the

Chitwan Valley Family Study (CVFS) that are specifically designed to study the

reciprocal relationship between population and environment. The Chitwan Valley in

central Nepal provides an ideal setting for studying the land use and fertility

behavior for several reasons.

First, Nepal, a historically pro-natalist society, is experiencing persistently high

population growth and poor economic progress. Although Nepal initiated its anti-

natalist programs as early as the 1960s, the country has experienced consistently

high fertility with a slow rate of fertility decline until very recently (Dongol et al.

1997; Ministry of Health, New Era and ORC Macro 2002; Tuladhar 1989). The

Total Fertility Rate (TFR) dropped from 6.3 in 1971 to 4.1 in 2001 and 3.1 in 2006

(Ministry of Health and Population [Nepal], New Era and Macro International

2007).

Second, during the later half of the 20th century, Nepal’s landscape has changed

dramatically, particularly the conversion of forested land area into agricultural land

(Awasthi et al. 2002; FRI 1999; Shrestha 1994, 1999; Tiwari 2000). As early as the

1970s, Erik Eckholm, in his book Losing Ground (1976), vividly presented the

condition of deteriorating mountain environments and outlined the consequences of

excessive human intervention on the fragile mountain ecosystem (although some

think his argument was exaggerated—e.g., Guthman 1997; Ives and Messerli 1989;

Karan and Iijima 1985; Metz 1991). Eckholm mentioned that ‘‘there is no better

place to begin an examination of deteriorating mountain environment than Nepal’’

(p. 76). He further insists that once the possibility for deforestation for cultivation is

exhausted and the hill slopes become nonproductive, the farmers from the hills will

become ecological refugees who will then move to the foothills and the piedmont

plains. Although Eckholm did not elaborate on what other behavioral changes

people may make to adjust to the changes in land use, he indicated migration as an

alternative.

Third, despite the fact that the possibility of conversion of forested land into

agricultural land in most of the poorer parts of the world is already exhausted,

except in Africa and the Brazilian Amazon, most previous studies still focus on the

impact of human interventions on conversion of forested land area into cultivable

land for food production and do so at a very high level of aggregation, often at a

national, regional, or even global level (Enwistle et al. 2003; Goldewijk 2001;

Lambin 1997; Lambin et al. 2000; Meyer 1992; Wolman 1993). This study focuses

on land use in a settled area and its effects on individual fertility behavior. Thus, this

study has direct relevance to many poorer parts of the world where the possibility

for conversion of forested land area into cultivable land is already limited.

Finally, the CVFS is ideal for answering questions relating land use and fertility

because it provides uniquely detailed measures of land use, first birth timing,

individual experiences, household consumption, and local community context

collected over a period of time from a single geographical location—the

neighborhood.
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We believe that the new knowledge and information this study generates may

help planners and policymakers formulate new policies and programs that could

help address the country’s socioeconomic problems in general and population

problems in particular, as well as providing insights into other countries in similar

situations.

Theoretical framework

Ever since Thomas Malthus (1798) first raised concerns regarding population growth

outstripping nature’s ability to support the growing number of people, this issue has

been a central theme of environmental sociologists. Although some of the changes in

land use and land cover occur naturally, a large portion of these changes, such as

change in percentage of the world land under cultivation, forest, human settlements,

and infrastructure, is caused by human action (Liu et al. 2003, 2005; Lutz et al.

2002). It is not surprising to see a growing interest in understanding the relationship

between population and land use. As a result, this issue has received much attention

and prompted a great deal of research in the later half of the 20th century.

Although Malthus himself indicated a need for individual behavioral change such

as self-restraint in timing of marriage and abstinence from sexual activities, most

theories and empirical studies done so far have conceptualized population growth as

the driving force behind the land use change and the rubric of ‘‘population
pressure’’ remained largely dominant in the field (Bilsborrow and DeLargey 1991;

Bongaarts 1996; Boserup 1965, 1981; Carr 2004; Cohen 1995; Ehrlich et al. 1993;

Fox 1987, 1993; Jolly and Torrey 1993; Malthus 1798; Mortimore 1993; Wolman

1993). This line of argument suggests that as per-unit land area population density

increases and the returns to the land per hour worked begin to fall, pressure for the

land to provide food and resources for those additional people increases. As a result,

the search for higher productivity leads to intensification of land use. Even though

Malthus was concerned about both the impact of the growing number of people on

the environment and the impact of deteriorating environment on people as well, the

rubric of ‘‘population pressure’’ as a cause of environmental degradation became

and remained a dominant paradigm in most theories and empirical research

throughout the past century. However, drawing on Malthus (1798), Davis (1963),

and Boserup’s (1965, 1981) work, Bilsborrow (1992) suggests that the growing

pressure from the increasing number of people on earth leads to a multiphasic

response that includes expanding the area under cultivation, reducing fallow time,

changing technology, or changes in fertility behavior such as postponing marriage,

reducing marital fertility, or out-migration.

Because access to land still continues to be the single most important means of

production and livelihood for millions of people in most of the poorer parts of the

world, particularly in agrarian societies, it is still an important driving force behind

social and economic changes in these societies. Furthermore, as the possibility for

conversion of forested land into agricultural land for food production comes close to

being exhausted, the relationship between the way the land is being used and social

and economic changes has become even more important.
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While impact of population on environment particularly land use has been of

interest since Malthus, scholars and policy makers have recently taken increasing

interest in the impact of land use on population processes, including individual

fertility behavior. One line of such inquiry that links land with individuals’ fertility

behaviors is limited to the size of the household operational land-holding and land

ownership (Cain 1981, 1985, 1986; Stokes et al. 1986; Thomas 1991). Multiple

studies in a variety of cultural settings (including Ecuador, Egypt, Iran, Peru and

the Philippines) have documented a positive association between land-holding

and fertility (Clay and Johnson 1992; Coomes 2001; Easterlin and McCrimmins

1985; Evans and Moran 2002; Good 1980; Hiday 1978; Pichon 1997; Schutjer et al.

1983). This line of inquiry posits two hypotheses: (1) land-security and (2) land-

labor demand hypotheses concerning the relationship between household

land-holding and marital fertility. The land-security hypothesis presents land as a

substitute for children for parental old-age security and suggests a negative

relationship between household land ownership and marital fertility (Cain 1981,

1985, 1986; Jensen 1990). Thus, land ownership should reduce the value of children

as a source of parental security in old age and therefore lower motivation for

additional children. On the other hand, the land-labor demand hypothesis suggests a

positive relationship between operational landholding and fertility (Cain 1981,

1985, 1986; Stokes et al. 1986). The size of operational landholding affects fertility

by altering the cost-benefit ratio of additional children: The households with access

to larger operational landholdings use additional family labor more profitably than

those with smaller operational landholding.

These two perspectives have proven useful in thinking about how land might

influence human behavior, but for the purpose of this paper, we will focus on land

use rather than land ownership. Therefore, to link land use with fertility behavior—

in this case, timing of first birth—we draw on one of these two theoretical

perspectives, the land-labor demand hypothesis (Cain 1981, 1985, 1986; Stokes

et al. 1986; Thomas 1991), in combination with the mode of social organization

framework (Thornton and Fricke 1987; Thornton and Lin 1994).

As noted above, the land-labor demand hypothesis, although originally formu-

lated to explain household operational land-holding effects on fertility, essentially

suggests that under low mechanization, as the operational land area increases so do

the opportunities for child employment and greater returns to the child labor lead to

an increased motivation for children. Building on this basic concept we argue that

the relationship between operational land area and motivation for children goes

beyond the household. We argue that opportunities for child employment are not

limited to household operational landholding but also apply to the local community.

We expect that because several agricultural activities do not require high skills,

living in an agricultural community increases the opportunities for and returns to

child labor. Furthermore, as the return to the child labor in an agricultural society

increases, it lowers the cost of raising children, leading to increased motivation for

children. Thus, we expect that individuals from communities that have more land

area under agriculture may be more likely to favor high fertility and consequently

have a first birth earlier than those from communities that have less land area used

for agriculture.
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The mode of social organization framework, although not explicitly designed to

study human-land interactions, also provides a useful theoretical perspective. This

framework focuses on the extent to which the activities of daily social life, including

production, consumption, socialization, leisure, and reproduction, are organized by

the family versus other non-family social institutions and organizations. The key

prediction from this perspective is that increased exposure to non-family public

social activities among youth will create greater independence between youth and

the parental generation (Thornton and Fricke 1987; Thornton and Lin 1994),

resulting in the adoption of new family behaviors. In addition, as more public

infrastructure is built in the community, the mode of production transfers from a

family-oriented subsistence economy to a production-oriented market economy.

The economic activities then are likely to provide not only opportunities to

participate in those activities, but also to alter individuals’ attitudes about social life

and social relations within the family. Economic theorists argue that once

individuals are exposed to market-oriented production systems, their fertility

behaviors are affected through changing costs and benefits of children, women’s

status, and women’s opportunity cost of childbearing (Lobao and Brown 1998;

McNicoll 1980; Stokes 1995). Thus, expanding on the mode of social organization

framework, we argue that individuals from communities that have more land area

used for public infrastructure may be more likely to have first births later than

individuals from communities with less area under public infrastructure.

Community context, land use and first birth timing

Although both theories and empirical research suggest an important relationship

between land use and fertility, one contentious issue that makes it difficult to assess

the impact of land use on fertility, in this case first birth timing, is the fact that local

community context likely influences both land use and first birth timing. Previous

studies, including work in our study setting, demonstrate important influences of

local community characteristics on fertility preference, patterns of consumption, and

land use (Axinn and Ghimire 2002; Barber et al. 2003; Biddlecom et al. 2005;

McNicoll 2002; Shivakoti et al. 1999; VanLandingham and Hirschman 2001). For

example, proximity to an urban center and increased access to non-family services

both drive land out of agriculture to other uses (Axinn and Ghimire 2002; Shivakoti

et al. 1999).

Likewise, contemporary studies have also shown important contextual influences

on family formation and fertility behaviors, including adolescent sexual behavior

(Billy et al. 1994; Brewster et al. 1993; Brewster 1994; Brooks-Gunn et al. 1993;

Mosher and McNally 1991; Smith 1989; South and Baumer 2000; South and

Crowder 2000; Yabiku 2004) family formation, (Hogan and Astone 1986; Lloyd

and South 1996; Yabiku 2004), and fertility (Ghimire 2004; Hogan and Kitagawa

1985).

Taken together, this evidence is consistent with the conclusion that the land use-

fertility relationship is at least partly conditioned by the characteristics of the local

community in which individuals live, and therefore it is important to take the
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community context into account. We focus here on five specific community

characteristics: size of the neighborhood area, proximity to an urban center,

neighborhood wealth, neighborhood electrification, and access to non-family service

organizations. These community characteristics are likely to affect the relationship

between land use and first birth timing through two important mechanisms:

opportunity structures and exposure.

In a predominantly agricultural setting, size of the neighborhood area, proximity

to an urban center, neighborhood resources and electrification, and access to non-

family service organizations such as schools, health services, and wage-labor

employers all provide opportunities for activities that compete with farming. For

example, larger neighborhood areas may mean more area for agricultural use, on the

other hand, proximity to the urban center may promote economic activities that

drive individuals out of agriculture. Level of community resources, including

electricity, is another crucial factor that may hinder or facilitate economic activities

associated with land use. Additionally, access to new non-family service organi-

zations promotes a dramatic reorganization of daily social life (Axinn and Yabiku

2001; Coleman 1990; Thornton and Lin 1994). Increased access to schools, health

services, wage-labor employment, markets, and transportation allows individuals to

spend more of their daily lives engaged in productive, recreational, consumptive,

and other activities away from agriculture. For example, the spread of mass

education in this setting dramatically reduced children’s time for agricultural

activities, thereby severely limiting farm labor.

A growing body of theoretical and empirical work also shows that simple

exposure to an urban center or non-family service organization is likely to influence

individuals’ attitudes and behaviors (Axinn and Yabiku 2001; Barber 2001; Mead

1967). Mead suggests that individuals can develop their ‘‘selves’’ in part by

interacting with ‘‘others’’ that are not human. These ‘‘others’’ can be objects that are

inanimate (Mead 1967 [1934], p. 154), such as the institutions around them. For

example, the presence of an employment center may make an individual see herself

or himself as a potential employee. This may then substantially change the views

that s/he holds about the employment center and, at the same time, about non-family

work (Barber 2004). In fact, Zajonc (1968) found that the mere presence of a

structure might be sufficient to produce a positive attitude toward that structure.

This means that having an employment center nearby is likely to produce positive

attitudes toward non-family work.

Furthermore, economic theorists argue that the presence of a marketplace with

many types of products such as televisions, stereos, motorbikes, cars, air

conditioners, freezers, telephones, and, more recently, personal computers, increases

preferences for market-produced goods and reduces the relative value placed on

childbearing (Blau et al. 1998) and agricultural activities.

Thus, although our main interest is the impact of land use on first birth timing, we

examine the impact of local community context to insure variations in that context

do not produce a spurious relationship between local land use and first birth timing.

This careful consideration of the important effects of community context on both

local land use and first birth timing helps to insure the land use effects we observe

are reasonable estimates of the true land use effects.
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Setting

Nepal is widely known both as one of the world’s most diverse ecological settings

and as a setting on the brink of serious environmental degradation (Blaike and

Brookfield 1987; Conway and Shrestha 1981; Eckholm 1976; Fox 1987, 1993; Ives

and Messerli 1989; Schmidt-Vogt 1994; Shrestha 1994, 1999; Thapa 1996; Thapa

and Paudel 2002; Tiwari 2000). Although the popular perception about Nepal’s

environmental degradation, first put forward by Eckholm (1976) and later by Ives

and Messerli (1989), has not gone unchallenged, the impact of environmental

degradation in Nepal’s mountains has started taking tolls on Terai area1 as early as

the 1950s, as they suggested it would. Around the mid-1950s, in order to lessen the

impact of rapid population growth on the rather fragile mountain environment, the

Nepalese government opened the Terai areas for human settlement as a buffer

zone for the rapidly increasing population (Conway and Shrestha 1981; Shrestha

et al. 1993). As a result, more than two thirds of Nepal’s population now resides and

earns their livelihood from 17% of the land area of the country, that is, in the Terai.

While the degradation of mountain environment has not slowed down, the heavy

pressure from the population is now affecting the frontier area as well (Dignan

1989; Shrestha 1993; Shrestha et al. 1993; Tiwari 2000).

Chitwan Valley, which was opened for settlement in the early 1950s, lies in the

south central part of Nepal and is the study area for this research. Before the 1950s,

there were very few human beings in Chitwan except some jungle dwellers who

earned their livelihoods by hunting and gathering forest products. As a result, the

whole area was covered by dense tropical forest with world famous flora and fauna.

As soon as the area was opened for settlement, the flat terrain with its highly

fertile soil and warm climate offered promising opportunities for people who were

struggling with the steep mountain slopes to support their survival. Since then, the

valley has undergone rapid changes in term of physical, environmental, and

socioeconomic conditions (Axinn and Yabiku 2001; Conway and Shrestha 1981;

Ghimire and Mohai 2005; Ghimire et al. 2006; Shivakoti et al. 1999; Shrestha et al.

1993). As a result, the dense forest turned into a populated agriculture-based

settlement area. Consequently, there has been a dramatic increase in the number of

people migrating to the valley and changes in land use. Although change in land use

was solely a conversion of dense forest into cultivated land at the beginning, this

was completed once the area allocated for settlement was distributed to the people.

Once further encroachment was strictly controlled by declaring the rest of forest as

National Park and putting armed guards to patrol the boundaries, changes within the

settled area became the only reasonable alternative for people to adjust to the

changing population.

In late the 1970s the valley was connected to the rest of the country by a national

highway that runs from the east to west of the country. A few years later, another

road connected the valley with Kathmandu, the nation’s capital. There has been

massive expansion of schools, health services, markets, bus stops, and employment

centers within the study area. Although the expansion of these services is pervasive,

1 Terai is the flat lowland area along the southern border of Nepal.
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the level of physical development is still at a very primitive stage. Except the

national highway that runs along the northern border of the study area, most of

the roads within the study area are seasonal and unpaved. Employment centers are

basically service-oriented government agencies and a few agro-based industries.

Despite the massive transformation, this valley remains predominantly an agricul-

ture-based society. In fact, 83% of the households in the study reported that they

were growing crops at the time of our survey.

The population of the valley continues to grow both through the constant flow of

in migration from the hills and by natural increase. The population in Chitwan is

growing at a slightly faster rate than in the rest of the country. The population of the

Chitwan district grew from 259,571 to 354,488 between the 1981 and the 1991

censuses. The annual growth of 3.66% was one of the highest among the various

districts of Nepal (Pearce 2000).

With respect to fertility, Nepal has undergone a slow but steady decline until very

recently. TFR has declined from 6.3 in 1971 to 4.1 in 2001 and 3.1 in 2006 (HMG/N

2001; Ministry of Health, New Era and ORC Macro 2002; Ministry of Health and

Population [Nepal], New Era and Macro International 2007). The average age at

first marriage increased from 13.5 years for those who married between 1950 and

1959 to a mean age of 19 years for those who married between 1980 and 1989

(Ghimire 2003; Ghimire et al. 2006; Yabiku 2004). Similarly, the mean age at first

birth increased from 18 years for those who first gave birth between 1953 and 1962

to a mean age of 20 for those who first gave birth between 1983 and 1992 (Ghimire

2003). The high fertility rate is associated with young ages at marriage and

childbearing (Choe et al. 2001) and low contraceptive prevalence (Satayavada and

Adamchak 2000).

The slow pace of fertility decline and the continuous flow of migrants from the

hills have kept the growth rate in the Terai areas quite high. Most recent estimates

suggest an annual growth rate of 2.37 per annum. The high population growth has

increased the pressure on the limited land allowed for settlement and on other

natural resources. On the other hand, massive expansion of the infrastructure such as

roads, electricity, and canals, along with commercialization in the agricultural

sector, has led to diversification of land use. Therefore, the Chitwan valley provides

an ideal setting to study the impact of land use on individuals’ first birth timing.

Changes in land use within the neighborhood are reflected in the relative magnitude

of the land area devoted to different uses. Major changes include a reduction in

communal land and forest areas; a shift from relatively low-intensity mono-cropped

farming to multiple-cropped, highly intensive farming; and an increase in the land

area under residence, private enterprises, and public infrastructure.

Data and methods

Data

This study uses multiple data sets collected by the Chitwan Valley Family Study

(CVFS) since 1996: neighborhood history calendars, a land use mapping survey,
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household surveys, individual interviews with life history calendars, and a monthly

demographic registry and contraceptive survey.

The data to test our hypotheses come from a study of 141 neighborhoods (of 5–15

households each) scattered throughout western Chitwan Valley. These neighbor-

hoods were chosen as an equal probability, systematic sample of neighborhoods in

western Chitwan and the characteristics of this sample closely resemble the

characteristics of the entire Chitwan Valley (Barber et al. 1997).2

Once a neighborhood was selected, a history of that neighborhood was collected

using a calendar method (Axinn et al. 1997). Group interviews of people residing in

and near the neighborhood were conducted to generate information on changes in

neighborhood services and facilities from 1953 to 1995. Furthermore, the

information collected on neighborhood services from these interviews was verified

with archival records from local institutions such as schools, health services, and

district-level government offices.

Simultaneously, CVFS gathered information on land area under different uses in

those neighborhoods beginning in 1996. A team of field workers physically mapped

every square foot of the land area of each neighborhood using compasses and tape

measures. These measurements were computerized and used to calculate the land

area of each neighborhood by land use type.

Following the neighborhood land-use mapping, household surveys were carried

out to collect information pertaining to household resources in 1996. The household

survey collected information about household economic status, including farming

(crops grown, mechanization, landholdings), livestock (number, management,

feeding practices), household possessions, and housing quality.

After the household surveys were conducted, all individuals aged 15 to 59 residing in

the sampled households were personally interviewed using a standardized questionnaire

and a life history calendar (LHC). Respondents’ spouses were also interviewed, even if

they lived elsewhere or were outside the age range. In the standardized interviews,

individuals were asked a variety of questions regarding their family backgrounds,

personal characteristics, experiences, childhood community contexts, and attitudes

about various aspects of social life. In addition, the LHC portion of the survey collected

information on residence, marital status, children, contraceptive use, living arrange-

ments, schooling, and work experience. The LHC provides special advantages for

accurate retrospective measurement and sequencing of personal life events (Axinn

et al. 1999; Belli 1998; Freedman et al. 1988), and the structured interview allows these

reported events to be linked to personal and contextual characteristics.

Finally, the CVFS gathered information on first birth and contraceptive use

through a monthly demographic and contraceptive use survey. After the individual

2 Boundaries of the land surrounding these neighborhoods bisect the areas between the selected

neighborhoods and adjoining neighborhoods. This boundary procedure gives every unit of land in

Chitwan one and only one chance of falling into our sample. This procedure also means neighborhoods in

more densely settled areas are characterized by smaller land areas than neighborhoods in more sparsely

settled areas. Therefore we always take total land area into account when constructing our measures of

land use. However, our sampling procedures produce a sample of the population of western Chitwan and

the land associated with the population sample. Our procedures are not designed to produce a

representative sample of the land in western Chitwan.
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interviews ended in 1997, the CVFS started collecting information each month from

the respondent households on demographic events including migration, living

arrangements, marriages, births, and deaths. Also, all individuals interviewed in

1996 who were not sterilized at that time were visited once every 3 months and

asked about personal contraceptive use during the previous 3 months. If any original

households or respondents moved out of the sample neighborhood, they were

followed, and new households and respondents who moved into the sample

neighborhoods were added to the monthly registry system. This study uses

72 months of monthly data from the demographic and contraceptive use registry.

From the CVFS data, we use a sample of women aged 15–29 in 1996 who had

not previously given birth and who were neither sterilized nor married to men who

were sterilized. The resulting sample included 380 married women. Because the

outcome (first birth) is measured prospectively we are able to use all the measures of

the land use, neighborhood characteristics, and respondents’ experiences as

predictors. In addition, the prospective measurement also allows us to use the

measures of intervening factors: marriage duration, and contraceptive use.

Measures of first birth timing

Our analyses focus on first birth timing. Because the decision about and risk of having

a first child is generally resolved upon conception, we use the timing of pregnancy that

resulted in live birth rather than birth itself as the dependent variable.3 From the

household registry, which provides monthly records of first births, we calculate the

occurrence of pregnancy (9 months prior to childbirth) and construct a person-month

measure of the occurrence of pregnancy that serves as the unit of analysis in this

study. This practice has been used successfully in previous research (Axinn and

Yabiku 2001; Barber 2001). We create person-month data files from this information

by coding the dependent variable ‘‘0’’ in all periods before the respondent becomes

pregnant and ‘‘1’’ in the month she becomes pregnant. Once a pregnancy has

occurred, the respondent is censored from the analysis. Individuals who did not

become pregnant during the observation period are censored at the end of this period.

Measures of land use

Our measures of land use come from the land use mapping survey. Each piece of

land measured was categorized into distinct categories that best describe the type of

3 Although using only the pregnancies that resulted in live births results is likely to under report the total

number of pregnancies, this strategy was chosen because: (1) induced abortion is not common, although it

has been legalized recently (the estimate based on the 2001 Nepal DHS data indicates that induced

abortions account for .6% of pregnancies in rural areas of Nepal (Ministry of Health [Nepal] 2002)), (2)

the measures of miscarriage and stillbirth are subject to misreporting, and (3) the pregnancies that resulted

in live births were accurately measured and are of our greatest interest. Furthermore, the estimate based

on the 2001 Nepal DHS data indicates that induced abortions account for .6% of pregnancies in rural

areas of Nepal (Ministry of Health [Nepal] 2002).
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land use. These measurements were then computerized and used to calculate the land

area under each specific land use. Major categories of land use consist of agricultural

land basically used for cultivation of crops; forest land used to collect timber, fuel-

wood, and fodder; common land used for livestock grazing and used as open space

for other community activities, such as playgrounds for children and communal

ceremonies; and land with other uses such as roads, irrigation canals, and temples.

In our analyses we use these data to construct two specific measures of land use:

percentage of neighborhood land area (1) under agriculture and, (2) under public

infrastructure. The measure of agricultural land is the fraction of total land area

devoted to crop cultivation that includes both upland and irrigated and non-irrigated

lowland. This land is primarily used for food production. The measure of land area

under public infrastructure is the fraction of total land area devoted to public

infrastructure such as schools, roads, canals, mills, temples, and other buildings.

Measures of community characteristics

Measures of community characteristics include neighborhood size, neighborhood

wealth, neighborhood electrification, and proximity to non-family service organi-

zations and the urban center from the respondent’s place of residence.

Neighborhood size

Our measure of neighborhood size comes from the land use mapping survey

conducted in 1996. The total area of each neighborhood equals the sum of the

individual land parcels that are under different uses within the boundaries of that

neighborhood. The total land area measured in square feet is then converted into

square miles.

Distance to urban center

The measure of distance to the urban center (Narayanghat) is garnered from the

neighborhood history data and checked using maps of the valley and a Geographic

Information System (GIS). The exact latitude and longitude location of each

neighborhood, ascertained from 1:25,000 maps based on aerial photographs of the

valley, were entered into a GIS that calculated the distance between each

neighborhood and Narayanghat, the valley’s only urban center. This measure is

coded in miles.

Neighborhood wealth

Our measures of wealth come from household interviews which included a series

of questions about different sources of household wealth, such as whether the
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household owned the house plot or any farm land, the number of farm animals

owned, the number of pieces of farm and household equipment owned, and housing

quality. While the measures of ownership of house plot, farm land, livestock,

number of farm parcels, and household equipment come from the responses to the

household survey itself, the measure of housing quality comes from interviewers’

observations. Because the scale of responses to each of the questions varies, we

standardized the values in each of these domains into Z-scores (mean of 0 and

standard deviation of 1) and summed them to construct a composite index of

household wealth. This household index was then averaged to create a neighbor-

hood-level measure of wealth.

Neighborhood electrification

Neighborhood electrification is a measure of whether the neighborhood has

electricity. Our measure of neighborhood electrification comes from neighborhood

history calendar and is coded as ‘‘1’’ if the neighborhood has electricity and ‘‘0’’

otherwise.

Non-family service organizations

The neighborhood history data also provide measures of distance in walking time

from the respondent’s current neighborhood to the nearest school, health service,

bus stop, employment center, and market. These data provide dynamic measures of

how far away each service was from the neighborhood for each year from 1953 to

1995 (Axinn et al. 1997). These walking times vary from 0 min (when the service is

located within the neighborhood) to hundreds of minutes (a couple of days walk

from the neighborhood). We create dummy variables for each of the five services

indicating whether the nearest service location was within a 15-min walk of the

respondent’s neighborhood in a specific year.4 We then sum these responses for the

total number of years a certain service was within a 15-min walking distance.

Finally, we construct a composite neighborhood index by summing the responses

from each of the five services and dividing by the number of services. This coding

system has been successfully used in previous studies (Axinn and Yabiku 2001;

Yabiku 2004).

Measures of controls

The controls include respondent characteristics and experiences and parental

experiences.

4 Because of the potential overlap with the measure of land used for infrastructure, we do not include the

non-family service organizations that are actually within the neighborhood to calculate this measure.
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Respondents’ characteristics and experiences

The measures of respondents’ characteristics and experiences come from 1996

individual interview and life history calendar interview and include: age in 1996,

ethnicity, marital experience, schooling, employment, and exposure to media.

Ethnicity

Previous research in Chitwan suggests a strong effect of ethnicity on fertility

intentions (Pearce 2000) and family formation behaviors (Axinn and Barber 2001;

Ghimire et al. Forthcoming; Thapa 1989, 1997). Nepalese society consists of many

ethnic and linguistic subgroups (Bista 1972; Dahal 1993; Gurung 1980, 1998).

Although ethnicity in Nepal is complex, scholars have often categorized ethnicity

into five major groups for analytical purposes: High Caste Hindus, Low Caste

Hindus, Newar, Hill Tibeto-burmese, and Terai Tibeto-burmese (Axinn and Yabiku

2001; Blaikie et al. 1980). We have adopted these categories for our analyses. For

more information about these ethnic groups see Bista (1972), Gurung (1980), and

Fricke (1988). We coded individuals ‘‘1’’ if they are members of a specific category

and ‘‘0’’ if not, using High Caste Hindus as the reference group for comparison.

Marital experiences

Marriage is still the principle route to exposure to sexual intercourse in Chitwan.

Thus a respondent’s marital experiences have a strong association with the

propensity for conception and pregnancy. Respondents’ marital experiences include

age at first marriage (coded in years) and duration of marriage (coded as number of

months). Because respondents are married at different times, some even before the

start of the hazard and others during the observation period, we separate the

marriage duration into two measures: marriage duration before 1997 and during

the observation period. We coded marriage duration before 1997 in number of

months and treated it as a control. Because the marriage duration during the

observation period also represents the hazard duration, we included it as a hazard

function. We coded the marriage duration during the observation (after 1997) as a

series of dummy variables in 6-month increments (1–6, 7–12 … 42+ months) and

treated ‘‘42+ months’’ as the reference group.

Educational attainment

The CVFS collected a complete history of respondents’ educational experiences,

including adult education (literacy programs), via the life history calendar. This

record provides information on the total length of time spent in school and adult

literacy classes. Using the total number of years respondents spent in school or adult

education, we constructed a series of dummy variables, ‘‘0–3,’’ ‘‘4–7,’’ ‘‘8–11,’’ and
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‘‘12 or more’’ years of schooling, and treated ‘‘0–3 years of schooling’’ as the

reference group.

Employment

Our measure of employment also uses information from the LHC. All years that a

respondent was employed outside the family were recorded and from this we

created a total number of years of employment.

Media exposure

Our measure of media exposure is an index constructed from responses to three sets

of questions in the individual interview. Respondents were asked, ‘‘Have you ever

listened to a radio?’’ Similar questions were asked about watching television and

seeing movies. We coded each item ‘‘1’’ if the respondent had been exposed to

radio, television, or movies before marriage and ‘‘0’’ otherwise. Because responses

to these questions are correlated, in order to avoid problems of multicollinearity, we

sum these three variables into a scale with values ranging from zero (not exposed to

any media source prior to marriage) to three (exposed to all three sources).

Contraceptive use

The measure of contraceptive use comes from the monthly prospective family

planning survey and is coded ‘‘1’’ if a woman has used any modern contraceptive

method (pills, condom, IUD, depo-provera, sterilization, etc.) during that period and

‘‘0’’ otherwise. Thus, contraceptive use is also a time-varying dichotomous variable.

Parental experiences

Because parental experiences may affect both children’s experiences and their first

birth timing, we control for a number of parental characteristics in our multivariate

models. These include: mother’s total number of children, education, and work;

father’s education and work; and parents’ contraceptive use. These measures are

derived from the respondent’s answers to a series of questions about her parents, for

example: ‘‘How many children did your mother have?’’ or ‘‘Did your mother ever go to

school?’’ All responses except number of children, which is coded in actual number of

children ever born, were coded dichotomously, using ‘‘1’’ for ‘‘yes’’ and ‘‘0’’ for ‘‘no.’’

Analytical strategy

We use a three-step analytical strategy to estimate the effects of land use on first

birth timing, or the rate of first birth during the observation period. First, we
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estimate the total effects of land area under specific use (agriculture or public

infrastructure) with some basic controls. Second, we add the measures of commu-

nity characteristics into the model. Finally, we add the measures of respondents’

non-family experiences and proximate determinants, the intervening experiences,

into the model. With regard to temporal ordering, the measures of land

use, neighborhood characteristics, and respondents’ experiences were all measured

during 1995 and 1996, about a year before the observation period for the first birth

timing starts. Thus, our analytical approach is guided by the argument that

neighborhood land use affects first birth timing through respondents’ experiences

and the proximate determinants of fertility.

We estimate discrete-time hazard models using a standard logistic regression

procedure.5 Logistic regression is an appropriate statistical technique for analyzing

multivariate models of dichotomous dependent variables (Kmenta 1986). Although

using the person-period of exposure to risk as the unit of analysis substantially

increases the sample size, Allison (1982, 1995) and Petersen (1991) have

demonstrated that using discrete-time methods does not deflate the standard errors

and that these methods provide appropriate tests of statistical significance.

The interpretation of the estimates of parameter effects is not as intuitive as a

simple percent change. Therefore, in order to make the interpretation of the results

more intuitive, we exponentiate the raw log-odds coefficients. Because we use

logistic regression, the exponentiated coefficient specifies the effects on the odds of

experiencing a first birth in the period of analysis. The odds of an event occurring

versus not occurring in a given period are P/(1 – P), where P is the probability of

the event occurring. We discuss the results as odds ratios, which is the anti-log of

the coefficient. These odds ratios can be interpreted as the amount by which the

odds are multiplied for each unit change in the respective independent variable. That

5 There are two basic concerns when using the discrete-time event history models: first, when to start the

hazard, and second what functional form for duration of the hazard to use. The start of the hazard should

begin when the respondents become at risk of the event. In principle, a woman is at risk of giving birth to

a baby when she has sexual intercourse with a man, provided that she is biologically fecund. However, in

Nepal, premarital sex is very much discouraged socially and in most cases sexual activities of women

usually take place only within marriage. In fact, there is almost no premarital birth in Nepal (Retherford

and Thapa 1998) therefore, we start the hazard at marriage. However, starting the hazard at marriage

raises two issues. First, on the one hand, starting the hazard at marriage will exclude all unmarried women

from the analyses and we will not be able to estimate the influence of neighborhood land use on first birth

timing that works via timing of marriage. On the other hand, including unmarried makes no sense when

there is almost no premarital birth. Our ethnographic work shows that out of 1,000 unmarried women in

our sample, only eight women experienced pre-marital conception, who then got married before giving

birth. Next, these women married at different points in time, some were married before the start of the

observation period (1997) others married during the observation period. This introduces complication in

parameterization of duration in terms of time. To address this issue we treat the duration of marriage

before the start of the observation period (1997) and age at marriage as controls and included the time

during the observation period as hazard duration in our models. Second, the functional form of the hazard

duration. In our models, we have parameterized the duration of hazard as series of dummy variables in 6-

month increments. This allows the risk of having a first birth to vary by 6 months. As most women in

Nepal get pregnant soon after their marriages, mostly within 18 months of their marriage, this functional

form is an appropriate approximation for first birth timing in Nepal. However, we also tested for other

functional forms: log function, linear function, and quadratic function, but the results only vary slightly.

Therefore, based on the model fit criterion, we chose the 6-month dummies as an appropriate functional

form of the hazard duration.
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means that if the odds ratio is greater than 1, the effect is positive and every unit

change in the independent variable increases the odds of first birth. If the odds ratio

is less than 1, every unit change in the independent variable decreases the odds of

first birth. Moreover, these ratios can be easily transformed into percent change in

the odds associated with each unit change in respective independent variable by

subtracting 1 from the odds ratio and multiplying by 100 (Axinn and Yabiku 2001).

For example, an odds multiplier of 1.009 for land area under agriculture suggests

that those women who live in a neighborhood with 10% of land area devoted to

agriculture are 9% more likely (1.00910 = 1.09; 1.09 – 1.00 = .09) to experience a

first birth than their peers who live in neighborhoods with no land under agriculture.

In addition, when the size of the risk set is large and the number of events in a time

interval is small, the odds converge on the rates. In our models of first birth timing,

the number of first births occurring in each month is small relative to the number of

individuals at risk; for parsimony we refer to the odds as rates.

Results

The results are presented in the order outlined in the theoretical framework and we

present the results of agricultural land followed by public infrastructure. However,

before moving into the details of our multivariate analyses we first briefly discuss

some descriptive statistics.

Descriptive statistics

Table 1 presents the means, standard deviations, and the minimum and maximum

values for the measures of land use, community characteristics, respondents’

parents’ experiences, and respondents’ own characteristics and experiences.6

The mean of 71.28 (range of 0–94.17) for percent of land area under agricultural

uses indicates that more than two thirds of neighborhood land is devoted to

agriculture. In contrast, a mean of 9.32 (range of 1.07–45.57) for percent land are

under public infrastructure indicates that slightly less than 10% of neighborhood

land area is devoted to public infrastructure including schools, temples, mills, other

buildings, roads, and canals. Although our sample neighborhoods are largely

agricultural, the ranges for both agricultural land and land area under public

infrastructure suggest great variability within these neighborhoods.

Similar variations are observable in other community characteristics. The

neighborhood land area varies from .003 to .116 square miles with a mean of .03

square miles, a relatively small neighborhood. The distance to the urban center

varies from .02 to 17.70 miles with a mean of 8.69 miles. The neighborhood wealth

index ranges from –2.82 to 41.57 with a mean of .32. Out of 141 neighborhoods

6 Because some of the variables are time-varying and change over the duration of hazard, we have to

choose a time point at which to summarize these values. Here we have chosen the value in the last

observed time unit (month) for the individuals who gave birth. For others who did not give birth during

the observation period, it is the value at the end of the observation period.
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Table 1 Descriptive statistics for measures used in analyses (N = 380)

Independent variables Coding Mean Std. Dev. Min. Max.

Land use

Area under agriculture Percent land area 71.28 21.99 0 00 94.17

Area under public

infrastructure

Percent land area 9.32 7.55 1.07 45.47

Community characteristics

Neighborhood wealth Index .32 4.02 –2.82 41.57

Distance to urban center Miles 8.69 4.01 .02 17.70

Non-family services within a

15-min walk

# of years of services 17.28 9.38 .00 41.60

Neighborhood area Square mile .03 .03 .003 .116

Electricity in 1996 0 = No, 1 = Yes .37 .48 .00 1.00

Controls

Respondent’s parents’ experiences

Mother’s number of children Numbers 5.39 2.12 1.00 14.00

Mother worked for pay 0 = No, 1 = Yes .21 .41 .00 1.00

Mother’s education 0 = No, 1 = Yes .16 .37 .00 1.00

Father’s education 0 = No, 1 = Yes .51 .50 .00 1.00

Father worked for pay 0 = No, 1 = Yes .49 .50 .00 1.00

Parents’ contraceptive use 0 = No, 1 = Yes .53 .50 .00 1.00

Respondent’s characteristics

Ethnicity

High Caste Hindu 0 = No, 1 = Yes .52 .50 .00 1.00

Low Caste Hindu 0 = No, 1 = Yes .09 .29 .00 1.00

Newar 0 = No, 1 = Yes .08 .27 0 1.00

Hill Tibeto-brumese 0 = No, 1 = Yes .15 .35 0 1.00

Terai Tibeto-burmese 0 = No, 1 = Yes .16 .40 0 1.00

Age

Age in 1996 Years 18.05 2.62 15 29.00

Marriage

Age at first marriage Years 19.63 3.07 13 31.00

Marriage duration before 1997 Months 7.17 14.70 0 66.00

Marriage duration during observation period

Married for 1–6 months 0 = No, 1 = Yes .41 .49 .00 1.00

Married for 7–12 months 0 = No, 1 = Yes .20 .40 .00 1.00

Married for 13–18 months 0 = No, 1 = Yes .13 .33 .00 1.00

Married for 19–24 months 0 = No, 1 = Yes .06 .24 .00 1.00

Married for 25–30 months 0 = No, 1 = Yes .03 .18 .00 1.00

Married for 31–36 months 0 = No, 1 = Yes .03 .18 .00 1.00

Married for 37–42 months 0 = No, 1 = Yes .03 .17 .00 1.00

Married for more than 42 months 0 = No, 1 = Yes .11 .31 .00 1.00
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only 37% of the neighborhoods have electricity. In terms of access to non-family

services, on average, sample neighborhoods have had non-family service organi-

zations (school, health service, bus stop, employment center, or market) within a 15-

min walk for almost 15 years. However, the minimum value of 0 suggests that there

are also neighborhoods that have never had any of the services within 15 min walk.

This means the young women in Chitwan are exposed to diverse social conditions,

depending on where they reside.

In terms of respondents’ family background, our sample came from families of

high maternal fertility, a mean of 5.39 children per mother, a large gender gap in

terms of mothers’ and fathers’ education and non-family employment, and

moderately high levels of contraceptive use by parents. With respect to the ethnic

distribution, slightly more half (52%) of the population are High Caste Hindus,

followed by 16% Terai Tibeto-burmese (believed to be indigenous to Chitwan),

15% Hill Tibeto-burmese, 8% Newar, and 9% Low Caste Hindus.

Our sample has a mean age of 18.05 at the beginning of the observation period

(1996) with a mean age at first marriage of 19.63. Those who were married before

1997 were on average married for 7.17 months. More than half of the sample was

married less than a year. Out of 380 women, 304 women gave birth to their first

baby by the end of the observation period. More than half (62%) of the respondents

have less than 12 years of schooling. The sample has a mean of 1.94 years for non-

family employment but a very high level of media exposure with a mean of 2.84 on

a scale of zero to three. The duration between marriage and first pregnancy lasted

about a year, and half of the women were living with their husbands at the end of

observation period. A very small part of the sample, only 3%, had ever used

contraceptives. With this background information we now move to the results of our

multivariate analyses.

Table 1 continued

Independent variables Coding Mean Std. Dev. Min. Max.

Respondent’s non-family experiences

Educational attainment

0–3 years of schooling 0 = No, 1 = Yes .16 .37 .00 1.00

4–7 years of schooling 0 = No, 1 = Yes .10 .30 .00 1.00

8–11 years of schooling 0 = No, 1 = Yes .36 .48 .00 1.00

12 or more years of schooling 0 = No, 1 = Yes .38 .49 .00 1.00

Employment

Years worked outside of home for pay Years 1.94 2.59 .00 14.00

Media exposure

Exposure to media sources before

marriage

Index (0–3) 2.84 .43 .00 3.00

Contraceptive use

Used contraceptive last month

(time varying)

0 = No, 1 = Yes .03 .16 .00 1.00

Popul Environ (2007) 28:289–320 307

123



Multivariate analyses

Table 2 presents the results of our multivariate models of neighborhood land area

under agriculture and under public infrastructure.

Models of land area under agriculture

Panel A in Table 2 presents the impact of the percent land area under agricultural

uses on first birth timing. First, in Model 1, we estimate the impact of agricultural

land area on first birth timing with some basic controls. Our strategy of estimating

the impact of area used for agriculture with only basic controls is guided by the

assumption that the neighborhood land use is exogenous to other neighborhood

characteristics and respondent experiences.

In our models of land use and first birth timing we controlled for respondents’

family background, ethnicity, marital experiences (age at marriage and marriage

duration), and hazard duration. As shown in Model 1 of Table 2, a respondent’s

family background, ethnicity, and marital experience each have a statistically

significant effect on the rate of first birth. The odds ratio of .95 for mother’s number

of children suggests that every additional sibling lowers the rates of first birth by

5%. That means those whose mother has 5 children (respondent’s siblings) are

likely to experience first birth at rates 9% lower than those whose mother has only 3

children. This finding is consistent with idea that daughters who have seen their

mother gone through the pain of multiple pregnancies and poor health condition are

more likely to postpone pregnancy until they are fully matured and can fully

understand the consequences. Similarly, father’s work and parents’ contraceptive

use have strong negative, statistically significant effects on the rates of first birth.

Similarly, respondents’ characteristics and experiences also have important

influences on the rate of first birth. For example, ethnic background: While Low

Caste Hindus and Hill Tibeto-burmese are likely to experience first birth at much

lower rates than High Caste Hindus, Newars and Terai Tibeto-burmese do not

experience first births at rates significantly different from the High Caste Hindus.

Although age at marriage and marital duration both affect the rate of first birth, only

the effect of marital duration is statistically significant. We found that marital

duration has a strong negative, statistically significant impact on first birth timing.

The odds ratio of .98 for marital duration before 1997 suggests that each additional

month of marriage duration decreases the rates of first birth by 2%. That means

those women who are married for 10 months before 1997 are likely to experience

first birth in any given month at rates 24% lower than those who were just married.

This is likely because, in non-industrialized settings such as Nepal where there are

strong social taboos on childlessness, newly married women make every effort to

get pregnant as soon as possible after their marriage (Acharya 1998; Acharya and

Bennett 1981; Bennett 1983; Stone 1978; Suwal 2001). Thus, most fecund women

are likely to get pregnant soon after their marriage and the women who have been

married longer would be less likely to experience a first birth because they have

crossed this initial period. Likewise, the odds ratio of 2.59 for 1–6 months of
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marriage duration during observation period suggests that those who were married

for 1–6 months have a first birth at rates 159% higher than those who were married

for more than 42 months.

Total effects of land area under agriculture: The estimates of the impact of

agricultural land on the rate of first birth indicate that percent of agricultural land

has a strong positive, statistically significant effect on first birth timing, as we

expected. The odds multiplier of 1.005 indicates 1% increase in agricultural land

increases the rate of first birth by a little more than one twentieth of one percent.

Although this seems trivial at face value, because the percent of agricultural land

ranges from 0 to 94, this is an enormous impact in its potential. This means women

who live in a neighborhood that is 50% agricultural experience first birth at rates

28% higher (1.00550 = 1.28; 1.28 – 1.00 = .28) than their peers who live in a

neighborhood with no agricultural land. This is truly a large effect.

Effect of land area under agriculture independent of community characteristics:

In Model 2 (also shown in Table 2) we add the community characteristics:

neighborhood land area, distance to the urban center, neighborhood wealth,

neighborhood electrification, and the mean number of years there have been

non-family services within a 15-min walk from the respondent’s current neighbor-

hood. None of the five neighborhood characteristics has an independent statistically

significant effect on the rate of first birth. The size of the odds ratio for land area

under agriculture remained the same suggesting that the effect of land area under

agriculture is independent of the community characteristics we included in our

models. However, now the effect of neighborhood land area under agriculture is

statistically significant only at P = .10 level of significance.

Respondents’ experiences: In Model 3 we added respondents’ experiences with

schooling, employment, media exposure, and contraceptive use to Model 2. We

found that respondents’ educational attainment has a strong positive, statistically

significant impact on the rate of first birth. Those women who had more than 3 years

of education experienced their first birth at much higher rates than those who have

3 or fewer years of education. Although the positive association between education

and fertility is a little surprising, this finding is consistent with the findings of

previous studies that separate education into attainment and enrollment (Ghimire

2003; Suwal 2001; Thornton et al. 1995; Yabiku 2004) and with the human capital

hypothesis which says that the more knowledge and skills individuals acquired

through education, the more prepared they are to take on higher roles such as

parenthood. The effect of employment was statistically significant in separate

models (not shown in the table) but is not significant here. However, media

exposure has a strong negative, statistically significant effect on the rate of first birth

as expected. The odds multiplier of .81 suggests respondents who were exposed to

at least one source of media are likely to experience first birth at rates 19% lower

than those who have not been exposed to any media before their marriages.

In terms of respondents’ contraceptive use experience, contraceptive use reduces

the rate of first birth by more than half, also as expected. The odds multiplier of .48

suggests those who used contraceptives experienced first birth at rates 52% lower

than those who did not use contraceptives. Considering the social pressure for

giving birth soon after marriage, this is an enormous effect.
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Moreover, when measures of respondents’ non-family experiences and contra-

ceptive use were added to model 2, the odds ratio for land area under agriculture

was reduced from 1.005 to 1.004 and became statistically insignificant. This

suggests that the effect of agricultural land works through respondents’ non-family

experiences and contraceptive use. This finding is consistent with our theoretical

assumption that individuals’ experiences are exogenous to neighborhood land use. It

is also consistent with the proximate determinants of fertility framework that

suggests that any socioeconomic, cultural, and environmental factors should affect

fertility only through proximate determinants (Bongaarts 1978).

Models of land area under public infrastructure

Following the same strategy, in Panel B of Table 2 we present the estimates of the

effects of neighborhood land area under public infrastructure. Because the effects of

controls are very similar to those of Model 1 (Panel A) in Table 2, for the sake of

parsimony, we will not repeat the discussion here.

Total effects of land area under public infrastructures: Model 4 in Panel B of

Table 2 presents the effect of neighborhood land area devoted to public

infrastructure on the rate of first birth. The estimates of the impact of land area

under public infrastructure indicate that percent of land area under public

infrastructure has a negative, statistically significant (at P = .10) effect on first

birth timing, as expected. The odds multiplier of .99 indicates 1% increase in land

for public infrastructure reduces the rate of first birth by 1%. This means women

who live in a neighborhood with only 10% of its land area devoted to public

infrastructure experience first birth at rates 9% lower than their peers who live in

neighborhoods with no land under public infrastructure, again an enormous

cumulative impact.

Effect of land area under public infrastructure independent of community
characteristics: Next, we added community characteristics to Model 4, resulting in

Model 5. Of the five community characteristics, only access to non-family services

has a statistically significant effect. The odds ratio of .99 for the average number of

years non-family services existed within a 15-min walk from the respondent’s

neighborhood suggests that each additional year of having the non-family services

within a 15-min walk reduces the rate of first birth by 1%. Thus, those who lived in

a neighborhood that has had non-family services within a 15-min walk for 15 years

experienced first birth at rates 15% lower than those who live in neighborhoods that

still have no non-family services within a 15-min walk. Moreover, when neigh-

borhood characteristics were added to Model 4, although the odds ratio for the land

area under public infrastructure remained unchanged, it became statistically

insignificant, suggesting that the effects of land area under public infrastructure

work through the non-family services around the neighborhood.

Respondents’ experiences: Finally, in Model 6 we added respondents’ experi-

ences into Model 5. We found that the effects of respondents’ experiences closely

resemble the results of Model 3 (Panel A) of Table 2. Thus, for parsimony we again

do not repeat the discussion of these effects here.
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Conclusions

In this paper, we began by reorienting the popular notion of the impact of population

pressure on the earth’s resources to thinking about the impact of land use at a

community level on individuals’ fertility, with the aim of generating new insight

into reciprocal relationships between population and environment. We focused on

two specific dimensions of land use: the percent of the land area under agriculture

and the percent of the land area used for public infrastructure. We hypothesize that

higher proportions of agricultural land should motivate young women for early

childbearing through higher returns to child labor. On the contrary, a higher

proportion of neighborhood land area used for public infrastructure should

encourage delayed childbearing through changes in achievement aspirations and

attitudes toward family life and non-family activities. The findings of this study

provide empirical evidence about several of the relationships between land use and

first birth timing and generate a number of new questions at the same time.

Findings of these analyses support our hypothesis that living in neighborhoods

with large proportions of land devoted to agriculture encourages early childbearing.

Although this is an important finding in itself, the more interesting result is the fact

that this effect is net of community characteristics such as neighborhood land area,

neighborhood wealth, distance to the urban center, electrification, and access to non-

family service organizations. This suggests that, despite the competing influences of

urbanization and non-family service organizations, the neighborhood land area used

for agriculture still has a powerful influence on young women in this setting. Rarely

have studies in the past had an opportunity to examine the effects of agricultural

land use net of the influence of community characteristics. Although we cannot

directly evaluate it with these data, it seems quite plausible that the returns to child

labor are driving the relationship.

In contrast to the effects of agricultural land, the proportion of land area devoted

to public infrastructure (schools, roads, canals, mills, other buildings, and temples)

encourages women to delay childbearing, as we expected. Again this effect is net of

the community characteristics mentioned above. One interesting point is that,

although we failed to find statistically significant effects of neighborhood wealth,

distance to urban center, and non-family service organizations within a 15-min

walk, we did find a statistically significant effect of the land area devoted to public

infrastructure. This suggests that for young women in Chitwan, changes within their

own neighborhood are more important than the changes around their neighborhood.

This finding is consistent with the argument that the more proximate the changes

are, the stronger their effects on individuals. It might be noted, as well, that the

results for the effects of land used for public infrastructure were not as strong as

those for agricultural land. A probable explanation for this is that the concept of land

under public infrastructure is less straightforward—that is, there are many other uses

to which the land could be put and it is possible that the effect of a canal, for

example, would be different than the effect of a school or even a road.

To conclude, this study represents settings that are rapidly changing from rural

agricultural communities toward more urbanized non-agricultural communities and

provides important insights about the human-land relationship at the level of the
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local community. The findings of this study provide empirical evidence for the

theoretical argument that variation in land use at a local level has important

influences on individuals’ daily social lives, including their fertility behaviors.

Findings also suggest that while land area devoted to agricultural use encourages the

historical fertility behavior higher rates of first birth), land area devoted to other uses

discourages such behavior and encourages new fertility behavior (lower rates of first

birth).

Furthermore, consistent with the mode of social organization framework and

modernization theories, the findings of this study suggest that, as rural communities

start building more public infrastructure, they are likely to adopt new family

formation behaviors, including the postponement of first birth.

In light of the very young age at childbearing in most of the agricultural

communities of the world that is associated with a higher total number of children

per mother, poorer mother-child health, higher child mortality, more frequent

marital disruption, lower educational achievement, and poorer economic perfor-

mance, findings of this study should provide important insights to the public policy-

makers of regions of the world that do not appear to be responding to family

planning programs and efforts.
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