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Abstract

This research explores fertility correlates in the Petén, a high fertility region of Guatemala,

during the 1998-99 time period. By taking into account land use and labor characteristics

at the household and community levels in addition to individual level factors related to

the cost/benefit of children this research aims to update the traditional application of the

demand framework used to examine fertility. Data from the 1998/99 Demographic and

Health Survey containing a unique environmental module was used in concert with 2002

Population and Agricultural census data. The model was fit using a count variable (total

children ever born) as the response. The results of the analysis highlight the significance of

individual land use variables even after adjusting for socio-economic status and ethnicity.

1 Introduction

Recent demographic research has focused largely on the rapid decline of fertility rates through-

out the developed and developing world. Substantial empirical research now buttresses classic

theories of fertility decline and transition determinants. However, many questions about the

mechanisms involved in maintaining high fertility rates or in catalyzing a decline among high

fertility populations remain unanswered. While research inspired by the quick and unantici-

pated decline in birth rates can provide valuable insight into the demographic transition, it is

imperative that population science maintain a commitment to empirical research of high fertil-

ity populations. Besides being the fastest growing populations, high fertility groups also tend

to be those who suffer from the most extreme poverty, malnutrition, and dearth of health care

and education. Concomitantly, they tend to live in rural remote regions which are increasingly

situated in and around the world’s ecological “hot spots” on which they have a considerable im-

pact given that they are nearly all farmers and depend on the forest for felling in order to open

agricultural fields and for fuel-wood (Carr 2008). Some researchers theorize that rural families

deliberately produce more children because of their need for more agricultural and household

labor (Caldwell & Caldwell 1987, Lee 2001, Lee & Kramer 2002, Carr, Pan & Bilsborrow 2006).

2



While some theories suggest that high fertility may be beneficial to farm families, the impact

of different land-use strategies or agricultural practices is unknown. Hence, given similar access

to contraception, economic theories of fertility suggest that agriculturalists would prefer (and

achieve) greater family sizes than those engaged in less labor-intensive occupations. Do rural

families who are engaged in labor-intensive agriculture have greater fertility than those who are

mainly pastoral (cattle ranchers) or engaged in less labor intensive agriculture, after controlling

for traditional determinants of fertility? In general, agriculture is more labor-intensive than

cattle-raising and agriculturalists on marginal land with few technological implements have

the greater labor demands (Carr et al. 2006). The limited related research has indicated

that the land/fertility relationship is complex and fails to provide a definitive response to this

conundrum. This study seeks to address this question using data from Petén, Guatemala, the

Guatemalan sub-population characterized by the highest regional total fertility rate (TFR) in

the country (see Figure 1, (MSPAS 2002)) and, at the time, the highest TFR of the Central

American region. In fact, with a TFR exceeding 6, the level of fertility in Petén exceeds levels

recorded for the majority of developing countries.

2 Theories of Fertility Decline

Do classic theories of fertility determinants apply to the rural agricultural frontier? According

to Coale’s (1973) three “preconditions” of fertility decline fertility decisions must be conscious

decisions, contraception or “techniques of fertility reduction” must be accessible (intellectually

as well as geographically), and the value of reducing one’s fertility must be apparent (Coale

1973, Cleland & Wilson 1987). Changes in factors affecting these preconditions can therefore

be attributed to general cultural changes, changes in access to information and technology,

and changes to the relative ‘worth’ and ‘cost’ of children. According to Cleland and Wilson

(1987), the majority of fertility research has been directed towards the third listed precondition

of fertility decline; the economics (cost/benefit) of childbirth and childrearing. Approaching

fertility decline as an economic benefit to families and individuals has led the development
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and wide-spread use of the ‘demand theory’ of reproduction targeting the economics behind

family planning decisions (Cleland & Wilson 1987). In the agricultural frontier land use and

household production strategies are important components of household income and labor

needs. Therefore, based on Coale’s preconditions, changes in the level of childbearing may be

impacted by different land use patterns or labor needs.

The ‘diffusion of innovations’ theory or ‘ideation’ theory approach links the first two of

Coale’s preconditions and was developed as an explanation of fertility decline among English-

speaking populations (Raftery, Lewis & Aghajanian 1995). This decline, particularly notable

in European countries with more than one national language, highlighted the similar pace

and direction of fertility change among English speakers while non-English speakers followed

a alternate transitional pathway. Coale and Watkins (1986), ultimately determined that the

fertility transition therefore resulted from shared information regarding reproductive health

technology as well as cultural and lifestyle ideals rather than from changes in socioeconomic

factors (Raftery et al. 1995, Coale & Watkins 1986).

2.1 Direct and Indirect Determinants

While the classic theories of decline offer a theoretical framework for analysis, the theories

of direct and indirect determinants provide the guidelines for application and interpretation

of the general theories. Incorporating direct and indirect determinants into the process of

independent variable selection and interpretation of results is influenced by the work of Davis

and Blake in the 1950s and the subsequent work of John Bongaarts in the 1970s. These authors

established a heuristic for researching fertility determinants. According to this approach, direct

fertility determinants are defined as a “set of biological and behavioral variables that directly

affect reproductive behavior” (Knodel, Chamratrithirong & Debavalya 1987, Davis & Blake

1956, Bongaarts 1978). These factors are largely known as the proximate determinants of

fertility. Bongaarts’ proximate determinants: marital patterns, induced abortion, postpartum

non-susceptibility, and contraception account for the majority of the worldwide variation in
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fertility (Martine 1996). Simply, fertility decline is predicated upon a change in one or more

of these determinants (Cleland & Wilson 1987). These classic proximate determinants theories

are tested here in variable selection, and model interpretion in the context of a remote rural

agricultural frontier characterized by very high fertility.

The individual in context : Incorporating contextual level variables allows the analyst to

more accurately model real-world phenomena as women and families are impacted by and

impact their surrounding community. Related research exploring health and lifestyle choices

among women and families in Guatemala has begun to incorporate context variables with

traditional individual variables (Pebley, Goldman & Rodriguez 1996, Lindstrom & Munoz-

Franco 2005). Building on the idea that family size decisions may be influenced by community

attitudes and motivations, it is preferable to incorporate contextual (in this case context refers

specifically to municipality) information in addition to individual level information. Therefore,

municipality level variables are included as proxy for social/cultural contexts while individual

factors target individual decision-making. The following subsections posit broad theoretical

categorizations and explanations for the selection and use of proximate independent variables.

Land-Fertility Hypothesis : Easterlin advanced the development of the supply/demand frame-

work for analyzing reproductive decisions when, using a primarily economic perspective, he

explored the fertility experience in the fairly homogeneous US 19th century frontier. In this

setting, consistent with Coale’s supply/demand precondition, he determined that fertility be-

havior is influenced initially by “tastes, prices, and income” and is subsequently affected by

“infant and child mortality conditions” (i.e., compensatory births to accommodate high mortal-

ity and to reach the optimal family size) (Easterlin 1971). These ideas led to the development

of a more specific component of the supply/demand framework, the land-fertility hypothesis.

The implication of this hypothesis is that as long as children provide labor then the desire for

large family size remains unchanged given that fertility is a conscious choice, largely impacted

by the need of additional labor in the fields or in the home. Consonant with this theory, in the

US 19th century westward frontier, more rural areas with more available land produced more

children whereas the urban communities generally produced fewer children.
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More recent evidence of land-fertility interactions have framed the relationship between

fertility and landholdings in three ways; 1) fertility increases in direct response to labor needs

which are greater when more land is owned– land needs drive family size goals (Carr et al.

2006, Coomes, Grimad & Diaz n.d., Binswanger & McIntire 1987, Chayanov 1986, Clay &

Johnson 1992); 2) More land is sought to meet the needs of a growing family – family size

drives land needs (Carr et al. 2006, Binswanger & McIntire 1987, Chayanov 1986); and 3)

Larger land-holdings may be indicative of higher socio-economic status correlated with the

increased likelihood of infant and child survival – land holdings serve as a proxy for socio-

economic status which in some cases leads to reduced mortality and therefore higher fertility

(Clay & Johnson 1992). These positive land-fertility correlations have been documented in

other developing country settings (Stokes, Schutjer & Bulatao 1986, Cain 1984). However, as

noted by Carr et al. (2006), the majority of related land-fertility research is conducted in settled

agriculture areas. Therefore the relationship between land and fertility in this context, where

land is abundantly available and where the majority of the population are rural dwellers, is

unclear.

Although the use of cross-sectional survey data in this case limits our ability to determine

causal relationships between land and fertility, we can measure the strength and direction

of the relationship of fertility with labor demand. Dichotomous variables identifying sons as

labor providers on the farm (in the survey the question is, “Do sons work in the fields?”),

the ability of the household/farm to produce enough to sustain family consumption needs

(in the survey the question is, “Is household production sufficient?”), and cattle ownership

are included in the analysis. Following the previous land-fertility research, sons as labor is

anticipated to be positively correlated with fertility as it measures a direct benefit of children

to the family/farm. The second variable, household production, serves as an index both of farm

size/production and time spent on the land, as well as addressing the potential need for more

labor to increase production if currently insufficient. The final variable, cattle ownership, is a

proxy for labor demand. Households who invest in cattle, which are less labor intensive than

crops, are anticipated to have fewer children. The husband’s or partner’s (hereafter referred
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to as partner) education is also included to control for socio-economic status. Lastly, infant

mortality, a dichotomous variable indicating whether the family has experienced the loss of one

or more children, is included as a control variable.

Beyond the household characteristics, municipality land use characteristics may have an

impact on individual fertility. Where more land is available, in this case usually unused forest

land, families may feel more comfortable choosing to have more children. The percent of forested

land per municipality is included to measure this relationship. The percentage of tractors per

farm (count of tractors/count of farms) is included as a municipal level variable. Tractors are

generally owned by only very wealthy landowners who are able to contract local labor. Besides

selling crops, the only other viable strategy for impoverished families to increase household

income is by contracting out husbands and sons to these more wealthy landowners.

Ideation: In fertility and social science research, theories of diffusion are used to explain the

movement of ideas (Kohler, Behrman & Watkins 2001). Social learning and social influence are

highlighted as the two primary components of the diffusion of information process (Lindstrom

& Munoz-Franco 2005, Kohler et al. 2001, Montgomery & Casterline 1996). Social learning

is the process of obtaining information about new technologies and their effects from friends,

family or community members either resulting from direct interactions or from information

passed over mass-media (Kohler et al. 2001, Lindstrom & Munoz-Franco 2005). Social influ-

ence reflects the idea that values can be transferred because of an individual’s membership

within a group and that personal preferences (i.e., contraceptive use and family size) may be

influenced by group preferences (Kohler et al. 2001, Lindstrom & Munoz-Franco 2005). Mont-

gomery and Casterline (1996) identified increased awareness and knowledge of consequences, as

well as pressure to conform, as three different effects of diffusion on fertility behaviors. In the

case of rural Guatemala diffusion will likely occur differently than in urban communities since

diverse community interactions are more limited and mass media influences may be less present.

Diffusion, in general, however, has been shown to increase contraceptive knowledge in a variety

of settings where variations in contraceptive use have more or less impact on individual behav-

ior depending on the density of the social networks (Montgomery & Casterline 1996, Entwisle,
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Rindfuss, Guilkey, Chamratrithirong, Curran & Sawangdee 1996, Kohler et al. 2001). Identi-

fying the characteristics of the diffusion of information in the rural and urban settings is an

important component in understanding the effects of structural variation on fertility behavior.

Additionally, understanding the process of diffusion of knowledge in a community facilitates

effective and possibly community customized family planning policy (Kohler et al. 2001).

Incorporating ideas from diffusion theory in the Guatemalan setting is particularly impor-

tant because of the tendency of Indigenous populations to be suspicious of the motives of

“outsiders” who provide family planning information (Santiso-Galvez & Bertrand 2004, Seiber

& Bertrand 2002, Bertrand, Seiber & Escudero 2001). Clearly, in the case of Indigenous popula-

tions, information gained from individuals linked by strong social ties may be vitally important

in an individual’s understanding of family planning technology. In terms of variable selection

and evaluating community characteristics, the theory of diffusion and its relationship to fertil-

ity change and transition suggests the importance of developing a solid understanding of the

movements of ideas within a community and among neighboring communities and further de-

veloping an understanding of this process as it relates to development and population density.

If individuals live in an urban environment they are expected to have fewer children as their

exposure to family planning technologies should be greater than individuals who have lived

only in rural settings.

Lindstrom and Munoz-Franco (2005) have shown that families and communities with out-

migrants to urban or international locations have higher contraceptive use suggesting that

information and values from these outside communities are seeping into relatively geograph-

ically isolated communities - reflecting this theory. To test this theory we have included a

municipality-level variable measuring proportion of domestic out-migrants.

Socio-Demographic: Woman’s age will be used to control for exposure to childbearing with

the expectation that as women age the number of children they have increases. Younger

women may also be more inclined to explore new fertility regulation techniques and therefore

more likely to use contraception whereas older women may have reached their fertility goals and

rely on fertility stopping techniques. A consistently important factor in the economic theory
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of fertility decline is the role of education. As education becomes more of a social norm more

children therefore attend school and cannot contribute as “labor” to the family and their cost

increases while their benefit decreases. The role of education can also represent a change in the

community’s values as well as those of the family or individual. For example, in an analysis

of fertility decline in Iran, the role of education was examined from two different perspectives;

the role of maternal education and the current acceptance and accessibility of education for

children (Raftery et al. 1995).

As Guatemala’s population is divided by ethnicity and language, we anticipate that the

application of the proximate determinants will require different variable specification accord-

ing to ethnic group. Ultimately this differentiation by ethnicity incorporates the different

development, economic, and fertility pathways present in the diverse populations. Related re-

search examining health and fertility outcomes within Guatemala has highlighted the necessity

of exploring the ethnic differences in determinants and correlates of these outcomes (Seiber

& Bertrand 2002, Pebley, Goldman & Robles 2005, Lindstrom 2003, Lindstrom & Munoz-

Franco 2005, De Broe & Hinde 2006). The gap in living standards and contraceptive use

among these populations suggests that different factors may well be resulting in similar repro-

ductive health outcomes. Therefore, a dichotomous variable measuring ethnicity - Indigenous

or Ladino - will be included in the analysis as a control variable (Pebley et al. 1996).

The variables used in the analysis are listed in Table 2. They were selected based on

their impact on fertility as outlined in the previous section. They are further categorized into

socio-demographic, land use and labor variables and identified as municipality level measures.

3 Setting

Guatemala’s population is roughly equally divided ethnically (50% Indigenous and 50% Ladino

(mixed ancestry) descent) and during the latter half of the 20th century suffered a turbulent

civil war characterized by extreme violence directed towards the Indigenous community (Lovell

1999). Guatemala’s rates of contraceptive use trail other Central American countries while
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its fertility rate is one of the highest in the region (Bertrand, de Salazar, Mazariegos, Salanic,

Rice & Sow 1999, Bertrand et al. 2001, De Broe & Hinde 2006). Indeed, in rural areas of

Guatemala the TFR exceeds 6 births per woman while in rural regions of the Petén, the region

containing the Guatemalan frontier and the focus of this paper, completed fertility averages

near 8 births per woman (Grandia & Schwartz 2001), a level that approaches the observed limits

for any world region at any time in world history and places Petén within the “belt of high

fertility” that defines much of Northern Guatemala and the Highlands (De Broe & Hinde 2006).

Although aggregate Guatemalan fertility rates and lack of contraceptive use, as mentioned

earlier, are unusually high for Latin America, the 6% contraception use rate among rural Mayas

is extraordinarily low (compared to 50% of Ladinos) and may explain some of the differences

in fertility outcomes between the two ethnic groups (Bertrand et al. 2001, De Broe & Hinde

2006). Currently, the gap between Indigenous and Ladino fertility is increasing as the Ladino

population has begun showing strong signs of fertility decline while the Indigenous population

shows limited or no signs of decrease (De Broe & Hinde 2006). Moreover, as the majority of

Indigenous women live in rural settings, the fertility differences between Indigenous and Ladino

populations are further impacted by the characteristic differences in fertility behavior between

rural and urban communities.

In addition to unusually high fertility, this region is also characterized by severe loss of forest

cover (Carr 2008). In fact, if deforestation rates return to the levels of the 1990s, within the

next 10 years forests will no longer exist in Petén (Carr 2008). In response to concerns over

land use change, several national parks protecting the delicate and unique rain-forests and Maya

heritage sites, also found in this area, have been developed. Despite the preservation intentions,

as land pressures push marginalized farmers out of other areas of the country the ‘free’ land

of the national parks draws these impoverished families who eventually form communities in

protected areas. While many of the households note some improvement in income following

migration, many families and communities are burdened by extreme poverty, poor to non-

existent access to public education, and unusually high rates of maternal and infant mortality

(Carr 2006).
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4 Data and Methods

The Demographic and Health Survey (DHS) data collected in 1998/99, by the Guatemalan

Instituto Nacional de Estadistica and Measure/DHS+, Macro international, is used for this

analysis (MSPAS 1999). The DHS is the largest ongoing survey in the world and is the pri-

mary source of data on population, health, and socio-economic indicators for developing world

nations. The 1998/99 DHS is unique in that it is the first to incorporate an environmental

survey module, thus allowing for analyses that explicitly link health and fertility outcomes to

natural resource and environmental factors. This is key in a frontier context in which the pop-

ulation is overwhelmingly comprised of subsistence farm families (Grandia & Schwartz 2001).

The DHS data is invaluable for conducting research of this type among this high fertility and

dynamic population. Not only do the DHS results provide extensive information regarding

individual and family health and cultural norms, the large sample size provides a fantastic

overview of large-scale trends and ultimately enables region-wide generalizability of the results.

Moreover, the 1998/99 survey represents the first large-scale data collection of reproductive

health information of inhabitants of the Petén region. Previously, this extremely impoverished

population was excluded from surveys and was therefore un-represented in policy decisions

based on large-scale analyses. Select descriptive variables and their sample sizes are presented

in Table 3.

Guatemala national agriculture and population census data, compiled in 2002, compli-

ment the DHS data. The Population Census contains information on more than 10 million

Guatemalans (roughly the entire country), while the Agricultural Census is aggregated to the

municipality level (12 municipalities in Petén) based on the response of surveyed farmers in

each area (MSPAS 2002). Table 4 presents the variables from these censuses used in the anal-

ysis. Data from these censuses will be used to provide contextual level information to the

quantitative analysis.

Analysis will be conducted using traditional generalized linear modeling (GLM) techniques

where the response variable is assumed to follow a Poisson distribution. Results from this
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model were also compared with results from the negative binomial and multi-level regression

(see appendix). The Poisson model was determined to provide the best fit to the data, however,

and the results of this model are presented here.

5 Results

Two separate classes of models were constructed; one used municipality as the random effect

while the other model incorporated the sampling cluster as the random effect. The clusters

used are based on the sampling strategy of the data gathering and represent smaller geographic

areas which are more like “neighborhoods” as compared to the municipality grouping. There

were 77 clusters in the sample. The municipalities are much larger geographic areas which

contain several clusters each (no clusters overlap regions). The region is geographically and po-

litically divided into 12 distinct municipalities. Nesting individuals within their municipality or

sampling cluster (as random effects) was not necessary to explain the variation in the response,

and any inclusion of individual random effects did not sufficiently improve model fit to justify

the inclusion of this more complicated modeling strategy. Therefore, the final models are fit

as a generalized linear model with a log link to accommodate the count nature of the response

variable. The dispersion parameter is nearly 1 for all models indicating that the mean/variance

requirements of the Poisson model are met and therefore that the model is not overdispersed.

Table 4 presents the significant variables and the model coefficients. Model 1 contains only the

socio-demographic variables. Model 2 contains the household land use variables in addition to

the socio-demographic variables and Model 3 updates Model 2 with the inclusion of munici-

pality level variables. Significance was determined using the chi-squared tests where deviance

values of the models were compared upon explanatory variable inclusion.

The significance of the socio-demographic variables in all three model specifications, sup-

ports classic theories of fertility determinants while also suggesting that the interplay between

socio-economics, land use and fertility may be important. Maternal age is positively correlated

with fertility where women older than 40 have the highest fertility. The significance of age,
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however, can also indicate an ideational cohort effect or a change in the ideals and values of

younger women (perhaps favoring families with fewer children). In this analysis it is not pos-

sible to separate the impact of ideation or exposure for this particular variable – and therefore

it is important to keep the complex nature of the variable in mind when reviewing the results.

Maternal education and partner education are both negatively correlated with fertility. The

differences between the lowest category of education and completion of primary or secondary

school are larger than those for the partner. Patterns of significance differ for the education

variables across models. The significance and magnitude of women’s secondary education de-

creases when the land use variables are added while the significance and magnitude of the

partner’s education increases when additional variables are added. Ethnicity is not determined

to be a significant predictor of fertility in this research, suggesting that language and cultural

barriers are secondary to education (in this case a measure of economic status and current

socio-economic and place-contigent conditions).

Television ownership is significant in Model 1 and women who live in households with

a television are expected to have fewer children than their counterparts without televisions.

Television ownership suggests the importance and intertwined nature of ideation and socio-

economic level on fertility outcomes. The prediction that families will have fewer children in

the case that the household possesses a television could result from either the increase in socio-

economic status that permits for spending on a television or the exposure to gender, family, and

possibly, family planning values that reflect the ideas of more developed areas of the country or

of Latin America. As television ownership is no longer significant once the land use variables

are included, Model 2, it is a reasonable assumption that ownership serves primarily as a

measure of income rather than as a means to informally educate women and families about

contraception and Western family-size values. Similarly, urban residence is significant only in

the socio-demographic model. Perhaps unsurprisingly, upon inclusion of land use variables, area

of residence is no longer significant. The change in significance of area of residence suggests

that the variable serves as an indicator of child labor needs rather than access or exposure to

family planning services. Finally, consistent with classic hypotheses, infant mortality remains
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a significant predictor in all three models of fertility.

The significance of the land use/labor variables highlights the complex nature of individual

and household decisions to reproduce. Model 2 has a significantly reduced value of the Akaike

Information Criterion (AIC)1 value as compared to Model 1, which supports the inclusion of

land use variables with socio-demographic variables to evaluate fertility in Petén. Cattle own-

ership as hypothesized by Carr & Pan (2007), Coomes et al. (2001) and others to have a

negative effect on fertility as families invest resources in cattle as insurance in case of future

needs (rather than investing in offspring). Also, as cattle are less labor intensive than food

crops, fewer children are necessary to aid in farm work. In this case, however, cattle ownership

is positively correlated with fertility. After closer study of the impact of slight increases in

socio-economic status in extremely poor communities, cattle ownership measures a different

aspect of socio-economic level. In this semi-frontier context cattle ownership facilitates an in-

crease in births perhaps by motivating families to greater reproductive levels as the family has

confidence of being able to meet the increased economic needs of a larger family. The positive,

significant correlation between children and cattle ownership suggests that motivations of in-

creased economic success are likely well founded, perhaps more children, who provide labor and

expand the family’s wealth, facilitate the investment in cattle. In this context initial increases

in higher economic levels correspond to larger families. In related research larger families lead

to increased economic standing of the family as laboring children can increase the household

income (Cochrane, Kozel & Alderman 1989). Contrary to the overarching negative relation-

ship between socio-economic status and fertility, research has shown that at the very lowest

socio-economic status levels, incremental increases in socio-economic status lead to increased

fertility before the inexorable decline sets in.

Furthermore, when sons serve as labor the family is expected to have more children. This

variable directly measures the economic benefit of children and supports the traditional theories.

The variable indicating the sufficiency of household production, however, is not a significant

1A likelihood based measure of fit which adjusts for higher numbers of independent variables is included. A
lower AIC represents an improved model over a model with a higher AIC.
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predictor of fertility. Finally, the fact that all of the municipal level variables, Model 3, were not

statistically significant suggests that individual and household characteristics have a stronger

impact on individual behavior.

6 Discussion and Conclusion

In this research we created a model of fertility determinants in Petén, Guatemala, a high

fertility, largely rural area, with expansive (but quickly decreasing) forests. Among traditional

socio-demographic variables, gender equity and ideation variables, variables measuring land use

and children’s labor were incorporated to determine if families deliberately strive to increase

family size when agricultural labor needs are present.

Consistent with the fertility literature, increasing women’s education can significantly de-

crease the number of births. As education continues to become more available, potentially fa-

cilitated by technology that enables remote learning, men’s and women’s education can expand

and fertility in this area should eventually decline. As explained previously, the importance of

men’s education highlights the significance of the socio-economic level of the household. While

expanding men’s education is anticipated to continue to reduce fertility, an increase in economic

opportunities should also reduce fertility.

Ethnicity was not a significant predictor of fertility in this context. This is surprising prima

facie given the historic macro-level differentials in fertility and contraceptive use between the

two ethnic groups and the persistence of social and economic marginalization among the non-

Spanish speaking Indigenous population. However, this result is consistent with the growing

body of literature that suggests that socio-economic fertility determinants trump cultural fac-

tors in explaining reproductive behavior. Over time, to the degree that socio-economic level

increases, cultural differences may become more or less dominant but, at least at the onset of the

fertility transition, economic factors appear to be playing a larger role in fertility differentials

(Bryant 2007).

The implementation of land use and labor variables provides a unique opportunity to de-
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termine the impact of labor needs on fertility. This research introduces variables that have

not been used in fertility analyses in Central America and explores the link between land use,

socio-economic development, and reproductive health. While results are in some regards incon-

sistent with our initial hypothesis, the significance of these unorthodox variables underscores

the importance of the link between population and the human-shaped environment. A classic

view supporting the economic value of children posits that when children serve as labor, fami-

lies will have more children. That theory is supported here by the positive correlation between

the sons-as-labor variable and the concomitant level of fertility. Further building on the idea

of children as an economic benefit is the hypothesis that when families invest in cattle they

need less labor. They have also invested in their future, as cattle serve as an asset that can

be sold if necessary. However, Petenero families have more children when they own cattle. An

increase in children given the presence of cattle is inconsistent with traditional theories of the

economic benefit of children. It does, however, support empirical findings suggesting that in

such an inchoate stage of the fertility transition more wealth may translate to larger family size

vis a vis a decrease in infant mortality. In Petén cattle provide a measure of old-age security

and serve as a measure of wealth that may enable larger family size.

Fertility rates in Petén, Guatemala remain unusually high. The social and political tur-

moil that has characterized Guatemala’s recent past have made headlines while little has been

researched on the demographic determinants and implications of this sustained high fertility

phenomenon. This analysis combined and applied theories of fertility and land use to help

develop an understanding of fertility behavior in this underrepresented region of the world.

Through the use of individual, household and municipality level factors, the findings contribute

to enhancing scientific understanding of the impact of community/context factors on individual

behaviors. Ultimately the findings underscore the importance of individual- and household-level

factors and downplay the role of municipality-level factors in determining fertility. The results,

therefore, encourage the implementation of individual- and household-level health and devel-

opment policies. The findings also support a link between fertility and land use/labor. The

final model contradicts a theory of rural fertility and land use through the positive correlation
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of fertility with cattle ownership. Reviewing the model results ensemble supports the notion

that when children provide labor (as help on other farms or as labor on family farms), families

have more children; presenting an important link between reproductive decisions and economic

benefit. Most of the families in this region live in rural areas and the majority of respondents

indicate that any household economic surplus is directed towards increasing livestock holdings

rather than towards family/household costs. It is possible that increased family size actually

augments household income (through the labor of the children) allowing families to invest in

more cattle and improve their sense of financial security. Therefore, in the context where larger

families lead to financial stability, we can anticipate fertility decline only when social mores

and economic norms are challenged by external processes.

Results are limited by the cross-sectional nature of the data making it impossible to de-

termine the causal factors of fertility change (possible in a longitudinal data setting), how-

ever, these results can indeed be used to begin to disentangle the impact on fertility of socio-

demographic, economic and land-use variables as well as to begin to make hypotheses regarding

their interaction.
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Table 1: 1998/99 Guatemalan Regional Total Fertility Rates

Region TFR
Metropolitan 4.3

North 5.5
Northeast 5.4
Southeast 5.1

Central 5
Southwest 5.3
Northwest 6.2
Petén 6.8

Note:  Calculated by Guatemalan 1999 ENSMI. Data 
from 1998/99 DHS.
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Table 2: Explanatory Variables

Category Individual Expected
Socio-Demographic Age +

Education -
Partner Education -
Ethnicity (Indigenou) +
Television Ownership (yes) -
Urban (yes) -
Infant/Child Mortality (yes) +

Land Use and  Labor Cattle Ownership (yes) -
Sons in Fields (yes) +
Production Sufficient (yes) -

Municipality Level Out-migration  (domestic) -
Percent Forested Land +
Number of Tractors per Farm -
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Table 3: Descriptive Statistics for Selected Variables from the 1998/99 DHS

Variable Percent Sample Size
Age 1129
   15-19 26%
   20-24 28%
   25-29 25%
   30-34 23%
   35-39 23%
   40-44 9%
   45-49 7%
Education (none) 34% 1129
     Primary 52%
     Secondary and beyond 14%
Partner Education (none) 36% 915
     Primary 51%
     Secondary and beyond 13%
Indigenous 26% 1129
Television Ownership (yes) 29% 1127
Production Sufficient (yes) 79% 592
Cattle Ownership (yes) 16% 835
Sons in Fields (yes) 43% 557
Note: Author's calculations based on 1998/99 DHS data.
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Table 4: Poisson Regression Results Modeling Fertility in Petén, 1998/99

Variable Coefficient Sig. Coefficient Sig. Coefficient Sig.
Socio-demographic Age (15-19)

     20-24 0.809 *** 0.658 *** 0.657 ***
     25-29 1.289 *** 1.086 *** 1.090 ***
     30-34 1.517 *** 1.307 *** 1.308 ***
     35-39 1.658 *** 1.404 *** 1.404 ***
     40-44 1.834 *** 1.564 *** 1.568 ***
     45-49 1.800 *** 1.496 *** 1.506 ***
Education (none)
      Primary -0.056 -0.068 -0.064
      Secondary and beyond -0.518 *** -0.443 * -0.423 *
Partner Education (none)
      Primary -0.039 -0.024 -0.019
      Secondary and beyond -0.189 * -0.303 * -0.309 **
Ethnicity (Indigenous)
     Ladino 0.017 0.009 0.007
Television Ownership (no)
      Yes -0.130 ** -0.092 -0.085
Urban (no)
      Yes -0.017 * -0.026 0.011
Infant/Child Mortality (no)
      Yes 0.336 *** 0.318 *** 0.317 ***

Land Use/Labor Cattle Ownership (no)
      Yes 0.131 ** 0.141 **
Sons Work in Fields (no)
      Yes 0.135 ** 0.135 **
Suff. Household Production (no)
      Yes -0.062 -0.055

Municipality Outmigration -0.080
Forested Land -0.439
Number of Tractors per Farm 0.566

Degrees of Freedom 898 519 516
Residual Deviance 755.6 416.36 413.73
AIC 3528.9 2176.5 2179.9
Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Reference categories are in parantheses.

Model 3
Poisson Estimates

Note: Author's calculations based on models outlined in the text.  Data used are from 1998/99 DHS, Pop. and Ag. Censuses of 2002.

Model 1 Model 2
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Figure 1: Fertility in Guatemala 1998/99

Note: Data come from 1998/99 DHS ENSMI.
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Notes

Generalized linear models build on the standard regression technique in two different ways.

First, the non-normal nature of the dependent variable (total children ever born) requires the

use of a link function and therefore transforms a linear regression approach to a generalized

linear approach. In the context of total children ever born, the count of births is discrete

and therefore violates the assumptions contained of the Gaussian distribution (McCullagh &

Nelder 1989). Instead, the Poisson distribution is commonly applied to variables that represent

counts of events. To develop a regression model in the case where the dependent variable

is assumed to follow a Poisson distribution, a log link is used. Equation 1 shows the linear

combination of explanatory variables and estimated coefficients on the response, η. Since I am

using the Poisson distribution to model the response then I introduce a link function, g(µ) = η

where µ is equal to the expected value of the response and, consistent with common application,

η = log(µ) (McCullagh & Nelder 1989).

η = β0 + β1x1 + ...+ βjxj (1)

In response to the limitations (mean equal to variance) of the Poisson distribution which

can cause the model to be over/under - dispersed, the negative-binomial distribution is a

viable alternative distribution. The negative-binomial distribution is a more flexible distribution

allowing the variance term to vary with each independent observation. In fact, the construction

of the negative binomial distribution follows as a hierarchical or two-level distribution where

the expected value of the response follows a Poisson distribution but the variance term for each

observation follows a gamma distribution. For rate λ, the mean and variance of the distribution,

Eλ = µ (equal to the expected value of the response) while the var(λ) = µ/θ (Faraway 2006).

Assuming that the dependent variable follows the negative-binomial distribution allows the

variance term to vary over individuals and removes the restriction of equality of the mean and

variance. In this paper both distributions, the Poisson and negative-binomial, will be used for

modeling the phenomena of interest and will be briefly compared and evaluated to determine
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the best modeling scheme.

The generalized linear mixed model approach, also applied to the data, is distinct from

classical generalized linear regression, as it incorporates random effects into the model. Random

effects are used to compare a sample of items taken from the population of items. In this case, I

use municipality as a random effect which effectively permits an adjustment for the possibility

that there may be clustering at the municipality level resulting in a violation of the independence

of observations requirement for generalized linear modeling. Without incorporating this into the

model, the observations cannot be regarded as independent and the resulting standard errors,

and in some cases point estimates, can be incorrect (Rodriguez & Goldman 2001). By fitting

a random intercept model, the error is partitioned into two components, one due to individual

variation unexplained by the independent variables and one attributable to the municipality

level.
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