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Abstract  

Natural disasters have previously been found to have a positive effect on fertility due to 

incentives to use births to replace children lost and insure against increased risk. Using a simple 

demand framework for children, this paper contributes to the literature by re-examining this 

interaction under a new set of methodological conditions through the inclusion of a wider 

spectrum of cases than often used in previous works. OLS fixed effects regressions are 

performed using data from Indonesia and no support for the hypothesis is found. The findings 

are robust and contrast with former research. To provide nuance and insight to the results, the 

wanted total fertility rate and the prevalence of contraceptive use are utilised as alternative 

dependent variables. 
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1. Introduction and the issue of explaining variations in fertility 

Fertility and the number of births per woman in an economy has a substantial impact on several 

aspects of public finance, such as social security and the dependency ratio (Becker, 1992). There 

are considerable variations in the number of children born per women within countries (UN, 

2015) and several mechanisms have been proposed to explain these differentials. One such 

mechanism is the effect of natural disasters, that has been hypothesised to increase fertility. The 

objective of this paper is to further examine this mechanism. A natural disaster is here defined as 

“a situation or event that overwhelms local capacity, necessitating a request at the national or 

international level for external assistance; an unforeseen and often sudden event that causes great 

damage, destruction and human suffering” in accordance with the Centre for Research on 

Epidemiology of Disaster (CRED) (Guha-Sapir et al., 2016, p. 13). 

 

Microeconomic theory on fertility (Becker, 1960) implies that the demand for children increases 

after a natural disaster due to parents wishing to replace children lost by having additional 

children. Simultaneously, natural disasters reasonably lead to an increase in the demand for 

insurance due to loss of income and augmented awareness of risk. In an economy lacking well-

functioning insurance and credit markets, people can partly meet this increased demand for 

insurance by using children as a form of consumption smoothing mechanism (Pörtner, 2001), 

leading to a rise in the demand for children.  

 

Previous research has found support for this argument, finding that natural disasters are 

associated with augmented fertility (see e.g. Nandi et al., 2018; Davis, 2017; Nobles et al., 2015; 

Finlay, 2009). However, scholars have in general conducted their research on a narrow set of rare 

and highly severe natural disasters, such as the 2004 Indian Ocean tsunami, even though the 

theory should be applicable to natural disasters of all severities. This has also been pointed out 

by scholars in the field (see e.g. Evans et al., 2008). This paper consequently sets out to re-

examine the interaction between natural disasters and fertility by expanding the set of cases 

under scrutiny, testing the theory under seemingly novel conditions. 

 

What is the effect of the occurrence of severe natural disasters on total fertility rates in 

Indonesian provinces between 1994 and 2012? This research question is addressed in this paper 

by conducting ordinary least squares (OLS) fixed effects regressions. Indonesia was deemed a 

suitable case to examine in terms of theoretical scope and data availability. Data on 22 

Indonesian provinces for the years 1994, 1997, 2002, 2007 and 2012 are adapted from 
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Demographic and Health Surveys (DHS) and the Emergency Events Database (EM-DAT). 

While this study is limited to addressing Indonesia, it should provide insight to the general 

relationship between natural disasters and fertility.  

 

The results from the main specification yielded no support for the hypothesis. Additional 

regression analyses were conducted to test the findings' robustness over various methodological 

specifications and the results were robust. This posed both methodological and theoretical 

queries. The usage of the wanted total fertility rate as an alternative dependent variable yielded 

mainly comparable results to the main specification in terms of significance. However, the 

determination coefficient was noticeably higher than the corresponding coefficient for the actual 

fertility rate, despite all other variables being identical. These results could potentially indicate the 

benefit of addressing additional fertility-related factors while examining the interaction between 

natural disasters and fertility. Furthermore, the performance of regressions with the prevalence 

of contraceptive use as the dependent variable yielded partly significant results, even while 

controlling for other factors. This could indicate that there are other causal mechanisms present 

than the one hypothesised here.  

 

Section 2 presents the theory and its testable implications. Section 3 addresses the 

methodological specifications and the data. Section 4 displays and assesses the results and 

Section 5 concludes. 

 

2. Theoretical framework 

2.1 Economic theory on fertility – how many children do people want and why? 

2.1.1 A simple model on the general demand for children 

Becker's theory (1960) suggests that the demand for children can be explained through an 

optimisation problem, where rational households maximise their utility given a budget constraint 

and decide on a number of children to conceive to come as close as possible to the optimal 

number1. Becker's model will later function as a benchmark for assessing natural disasters' 

impact on the demand for children.  

 

Becker argues that children provide utility and satisfaction to parents, that can be compared to 

the utility derived from consuming goods. Becker additionally suggests that individuals do not 

                                                 
1 There are various theories on fertility in the economics literature using alternative specifications and assumptions. See e.g. Jones 

et al., 2008 for a review of theories on this matter. 
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only derive utility from the number of children they have, but also from the parents' investments 

in their children, which is referred to as "the quality" of children. Providing the child with 

education and extracurricular activities are examples of investments that enhance "quality" 

(Becker, 1960). In sum, Becker theorises that the household utility function depends on three 

factors: the quantity of children, the expenditure on children ("quality of children") and the 

quantity of other goods (ibid). This can be written as follows (Becker & Lewis, 1973, p. S280): 

 

U=U(n,q,y)        (1) 

where n equals the quantity of children, q equals the expenditure on children, and y equals the 

consumption of other commodities. The utility function is assumed to be concave, resulting in 

diminishing returns to all factors.  

 

In addition to the utility function, the number of children demanded by a household is also 

determined by the household budget constraint. Assuming that income can only be spent on 

children and other goods, the budget constraint equals2 (ibid, p. S283):  

 

I = nπn + nqπ + qπq + ypy        (2) 

 

π denotes the prices of children and py the prices of other goods. The notation between the two 

prices is different since the price of other commodities are assumed to be decided in the market 

whereas the price of children is not. The budget constraint is accordingly dependent on: a fixed 

price component nπn, determined by the quantity of children, and a corresponding fixed price for 

the quality of children qπq. These parameters imply that children will always be associated with 

fixed costs. Additionally, the budget depends on the total quantity-quality-price nqπ. Note that 

prices in this regard are naturally not determined by a competitive market but rather parents 

themselves can affect the marginal prices by substituting between the components. Parents can 

decide on how much to spend on each child and therefore also affect the price of each child. I 

denotes the household's income and ypy denotes the price and quantity of other goods. 

 

Households will accordingly choose to conceive a number of children as close as possible to 

their optimal solution where their budget constraint intersects with their utility function3.   

                                                 
2 There are a number of possible specifications for the budget constraint concerning fertility and the demand for children, see e.g. 
Schultz, 1997 for alternative specifications. 
3 For a closer description of the theory's technical details, consult e.g. Becker & Lewis, 1973 or Becker & Tomes, 1976.  
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2.1.2 How the demand for children can also depend on the demand for insurance  

The demand for insurance can also affect the demand for children. In countries where well-

functioning insurance and credit markets are lacking, children can, together with other 

incomplete substitutes of insurance, act as a form of consumption smoothing mechanism that 

lowers the uncertainty of future income (Becker, 1992; Pörtner, 2001).  

 

Using a theoretical model where each household consumes goods in two separate periods, it can 

for simplicity be assumed that the first period is when the children are minors, and the second 

period is when the children are adults. In the first period, parents have a certain income and 

decide on what number of children to conceive. The income and consumption in the second 

period is however uncertain (Pörtner, 2001). Assuming that households are risk-averse and are 

experiencing diminishing returns to income, households would be willing to pay an insurance 

premium to lower the uncertainty of future income (Rosen & Gayer, 2014). The first period 

when a child is born and reared could be seen as an insurance premium. The first period of 

having children is often costly, lowering consumption in that period compared to the 

household’s consumption if the household would not have any children, all else being equal. 

However, if children survive through the first period, they can have important implications for 

the household’s consumption in the second period. At later stages, children can provide a net 

positive income through several pathways. Children can aid in farm work or in their adulthood 

provide various forms of income securities, such as remittances and transfers to their parents 

(Pörtner, 2001). Children can also be expected to care for their parents when they are older or 

have fallen ill (Becker, 1992). Working through altruism towards their parents, children 

throughout their life-span can aid parents in the spreading of the household's consumption when 

other more formal forms of insurance are insufficient (ibid; Pörtner, 2001).  

 

It should however be noted that the total net income of children is not assumed to be positive 

(Pörtner, 2001); the bearing and rearing of children will always be accompanied with both 

monetary and social costs. However, risk-averse parents would still demand an additional child 

even if the net return were negative since risk-averse households would rather pay and reduce 

uncertainty than not pay and live with larger uncertainty about future income (ibid). Even though 

children are also associated with uncertainty, such as their ability to yield future transfers or even 

survive, children may be deemed to be a better alternative than other incomplete insurance 
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substitutes since they function as an annuity that is not exhausted (ibid). Adapting4 a model from 

Pörtner (2014, pp. 6-7), the household utility function in a two-period setting where future 

income is uncertain can be written as: 

 

U=u(c1) + E[u(c2) + v(n2,q2)]     (3) 

 

In equation (3), the household total utility is derived partly from certain consumption in the first 

period u(c1), as well as an expected utility from consumption in the second period u(c2) summed 

with a function of the number of children and quality (such as human capital investments) of 

these children v(n2,q2). This can be compared to Becker’s utility function where households yield 

utility from the same three factors (1960).  

 

Since the second period consumption is uncertain and households are assumed to be risk-averse, 

households wish to lower the uncertainty in the future and can do so in different ways by 

conceiving children: 

 

E(Y2) = E[Y2 + F(n2,q2)]     (4) 

 

What is illustrated in equation (4) is that the expected disposable income E(Y2) for the household 

is dependent on two factors: the income in the second period Y2 and the income from the 

household's children, which is a function of the number of children and the human capital they 

possess, F(n2,q2) (ibid). Additional children yield more possible income transfers to the parents. A 

higher level of human capital, deriving from for example investments in education, also increase 

the likelihood of higher and more stable income for the children, which in turn result in a higher 

likelihood of larger and more secure transfers to parents (Pörtner, 2001; ibid). The household’s 

income function is consequently increasing in both quantity and quality of children. 

 

Even though parents are theorised to receive income both from the number of children and the 

human capital the children possess (Pörtner, 2014), parents in a high-risk environment with high 

mortality can benefit from placing their insurance in quantity of children rather than quality of 

children (Becker, 1992). This diversification is achieved through investing less human capital in 

                                                 
4 First, the notations have been revised in order to fit the context of this paper. What Pörtner refers to as H, being human capital 
of children, has here been adapted to fit as the quality of children, q. Second, the first period income model has been left out 
since Becker's theory has already presented a corresponding budget constraint. Third, savings were excluded from the model 
since they are not argued to be of main interest for this specific insurance context. See Pörtner, 2014 and Pörtner 2001 for details 
on these matters. 
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several children, instead of investing more capital in fewer children. The latter investment 

strategy would be hazardous in a high-risk environment since it puts heavy reliance on few 

insurance assets: if a well-invested child dies, then a large proportion of the insurance would be 

lost (ibid). 

 

2.1.3 A note on the supply of children and the complexity of formulating an economic theory on fertility 

It is acknowledged that the demand for children is a multifaceted decision and not always a 

function of a rational decision. In a supply and demand model, children are unique in several 

ways, especially in the sense that individuals stand for their own production. The Beckerian 

theory assumes that individuals can exercise full control over fertility and the supply of children 

(Becker, 1960). The supply cannot in practice be fully determined by the utility function and the 

budget constraint since it is naturally also dependent on individuals’ ability to conceive. Becker 

assumes that couples will have a quantity of children that is as close as possible to their optimal 

quantity (ibid).  

 

Formulating an economic theory on fertility entails a number of obstacles due to the complex 

nature of childbearing decisions, a decision that can stretch over the lifetimes of individuals 

(Willis, 1973). Economists are yet to reach a full consensus on the explanations behind the 

demand for children (Jones, 2008). Despite the potential theoretical obstacles, Becker's theory 

appears to be regarded as one of the main standard models within the field (see e.g. Schultz, 

1997; Doepke, 2005). 

 

2.2 The effect of natural disasters on fertility – how a loss of children and a reduction of 

expected future income can lead to an increase in the demand for children 

Natural disasters can affect several factors in an economy and consequently many aspects of 

fertility. Although simplified, the price of other goods is here assumed to be constant. This thesis 

will focus on the loss of children and a decreased expected future income together with an 

increased risk awareness, as the two main factors affecting fertility in the aftermath of natural 

disasters. 

 

2.2.1 Increased demand for children as a response to an increase in child mortality 

A severe natural disaster leading to a large number of deaths, is also likely to cause a temporary 

rise in child mortality. Using a sequential decision-making model (Becker, 1992), parents can 

after the death of a child reassess their fertility decisions. Assuming, in accordance with Becker 
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(1960), that parents have as close as possible to their optimal number of children before a 

disaster, a death of one or several children should lead to a deviation from the optimal family 

size for that household (Ben-Porath, 1976). In order to again reach the optimal number of 

children or get as close as possible to utility maximising solution, rational and utility maximising 

households increase their demand for children. This behaviour is often referred to as 

replacement effects5 (ibid). The replacement effect only applies to households who have lost at 

least one child. 

 

The replacement effect subsequently predicts a positive effect on fertility from natural disasters, 

due to child mortality (Doepke, 2005).  

 

2.2.2 How is the demand for children affected by decreased expected future income and an increased 

demand for insurance? 

In addition to the replacement effect, natural disasters are also hypothesised to affect people 

without children (Nandi et al., 2018; Nobles, 2015) through an increased need of insurance after 

being exposed to a rare and high-risk event leading to a loss of income (Finlay, 2009). 

 

It has previously been suggested that children can function as an incomplete substitute for 

insurance (Becker, 1992; Pörtner, 2001) which implies that a change in the demand for insurance 

should also lead to a change in the demand for children. Risk-averse households wish to decrease 

the risk of going through periods with low income by smoothing their consumption over time. If 

future income is expected to be lower than the present income, risk-averse households would 

want to shift their present certain income to future periods, to lower the risk of experiencing a 

low-income period (Pörtner, 2001). Since a severe natural disaster leads to a loss of income and 

increased uncertainty about income in future periods, households can search for a mechanism to 

mitigate this need for consumption smoothing. In the lack of formal insurance and credit 

markets, children can then ex-post serve as an insurance mechanism in the aftermath of disaster 

(Finlay, 2009). 

 

Consequently, the rise in demand for insurance in the aftermath of a natural disaster should in 

accordance with the presented theory result in an increased demand for children, which should 

apply similarly to those that had children before the disaster and those that did not. 

                                                 
5 Many scholars also discuss the so called hoarding effect in relation to child mortality and fertility. Hoarding arise when there are 
expectations of increased future child mortality (Ben-Porath, 1976; Rosenzweig and Schultz, 1983). It is argued here that such 
effect would not be present if the natural disaster is seen as a one-time shock, and not a regular event leading to a persistent 
increase in under-five mortality. Hence, the hoarding effect will not be further addressed. 
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This argument is displayed in the graphical summary in Figure 1. 

Figure 1: Graphical summary of main theoretical argument 

 

Note: Own figure based upon Becker’s (1960) and Pörtner’s (2001) theoretical framework. 

 

2.2.2 Are there any direct income effects affecting the demand for children in the aftermath of natural 

disasters? 

It has previously been suggested that the demand for children is indirectly affected by an income 

loss through increased demand for insurance when the expected future income becomes lower 

and more uncertain than the present income. The loss of income should also have a direct effect 

on the demand for children through affecting the household budget constraint. Since children 

are associated with costs, it could be concluded that natural disasters should lead to a decrease, 

rather than increase, in the demand for children. Why this is not theorised to be the dominating 

effect after a natural disaster will now be addressed. 

 

First, even though it is reasonable that there is a positive relationship between present income 

and the optimal number of births, it is rather the expected income that is the driving force in this 

regard (Pörtner, 2001). From an insurance perspective, two households with the same present 

income should still demand a different number of children if the expected future income is 

different (ibid). 

 

Second, the quantity of children demanded is theorised by Becker to be less sensitive to changes 

in income than the expenditure on children is (Becker, 1960). Simplified, the income elasticity of 

quantity of children is argued to be small and the corresponding elasticity of the quality of 

children to be large (ibid). Consequently, the income effect suggests that people would spend less 
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on their children but to a lesser extent demand fewer children, if income is lost. Even though 

this has implications for how parents allocate their spending on their children and how many 

children households have, Becker argues that the demand for children is less sensitive directly to 

temporary fluctuations in economic conditions (ibid). Even if children are associated with some 

fixed costs, Becker proposes that parents are less prone to postpone child-bearing since the costs 

are spread out through a longer time period and consequently the initial cost of conceiving does 

not constitute a large fraction of the full cost (ibid).  

 

Last, Becker argues that since the outcome of fertility decisions, namely births, occurs with a 

time lag, parents are less prone to postpone pregnancy until after economic conditions have 

improved even though children and pregnancy are associated with costs (ibid).  

 

In sum, direct income effects are not theorised to be the main mechanism affecting the demand 

for children in the aftermath of natural disasters, even though it is reasonable to believe demand 

is still affected.  

 

2.3 Theoretical predictions on the effect of severe natural disasters on fertility 

In conclusion, the demand for children should in accordance with the presented theory increase 

following a natural disaster. All else being equal, areas that have experienced natural disasters 

have a higher probability of having lost children and have an increased need for insurance due to 

lower future expected income, compared to areas that have not experienced such disasters. As a 

consequence, areas that have been exposed to natural disasters should ceteris paribus have a 

higher demand for children compared to other non-affected areas. An increase in the demand 

for children should lead to more children being born, and consequently higher fertility rates. 

Adding the main theorised effects on the demand for children, the following hypothesis is 

derived:  

 

H1: Provinces that have experienced severe natural disasters within the previous five years, should ceteris paribus 

have a higher total fertility rate than provinces that have not experienced such disasters. 

 

The corresponding null hypothesis is that provinces that have experienced severe natural 

disasters have equal or lower total fertility rates than provinces that have not experienced such 

disasters. If the proposed theory is accurate, provinces that have experienced severe natural 

disasters within the last five years should on average be associated with higher total fertility rates 

than provinces that have not experienced such event. If the theoretical argument is correct, there 
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should be a positive and statistically significant correlation between the occurrences of severe 

natural disasters and fertility. Results that yield either significant results in the negative direction 

or yield insignificant estimates, cannot reject the null hypothesis. 

 

2.4 Previous literature on natural disasters’ effect on fertility 

Although still a relatively minor field (Nandi et al., 2018), the fertility response to natural 

disasters has been addressed by a number of scholars. A recent article concerns the Gujarat 

earthquake in India in 2001, causing more than 20,000 deaths (ibid). Addressing a number of 

fertility-related factors and differentials, Nandi et al. utilises a difference-in-differences method 

using panel survey data and compares districts prior to and after the earthquake. Among other 

things, the authors found that the Gujarat earthquake led to a 1.2 percentage points increase in 

childbirth rates in affected areas. Furthermore, estimates partly indicated support for a reduction 

of birth spacing among certain socioeconomic groups. The authors hypothesised that mainly 

other factors, beyond solely a replacement effect, are the cause of this increase. 

 

In a similar manner, Finlay (2009) examines the 2001 Gujarat earthquake, along with the deadly 

earthquakes in Pakistan 2005 and in Turkey 1999. Finlay presents two main mechanisms 

explaining the hypothesised positive relationship between natural disasters and fertility; increased 

fertility as a response to replace children lost and as a form of ex-post insurance mechanism. 

Using a difference-in-differences method and data from DHS and EM-DAT, this argument is 

supported in all three cases examined.  

 

Nobels et al. (2015) examine the effect on fertility of mortality from the Indian Ocean tsunami in 

2004. In an effort to overcome previous data constraints, the authors utilise an extensive 

longitudinal household survey with a sole focus on post-tsunami areas. Conducting fixed effects 

OLS regressions, Nobles et al. found that women losing children in the tsunami were on average 

five percentage points more likely to give birth after the tsunami, compared to those who did not 

lose any children. The authors argue that this constitutes approximately 13 percent of the 

positive fertility response. Additionally, Nobles et al. suggest that a replacement effect occurs in 

the community affected at large, even by families who have not lost any children. Their argument 

is supported by the finding that previously child-less women were more likely to have births at a 

faster rate in affected communities than corresponding women in less-affected or non-affected 

areas (ibid). 
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In sum, previous research has mainly theorised and statistically shown that natural disasters are 

associated with increased fertility rates. These results pose queries as to whether this theoretical 

framework would yield equal results when being applied in a methodological setting where 

previous disasters are accounted for and disasters are of various severities, two methodological 

perspectives that have often been lacking in previously published papers and that will be 

addressed in this paper.  

 

3. Data and empirical method 

3.1 The fixed effects regression model 

To address the question of whether and how the occurrence of severe natural disasters in 

Indonesian provinces between 1994 and 2012 affected total fertility rates, this paper performs 

fixed effects OLS regressions. Since the research question covers approximately 20 years and 22 

different provinces, the fixed effects econometric model is deemed suitable since it reduces the 

risk of unobserved heterogeneity causing biased estimates, by enabling the control of factors that 

vary over time for all entities and vary over entities but are constant over time (Stock & Watson, 

2015; Allison, 2009). Conceptually, the fixed effects regressions discriminate between provinces 

that have experienced natural disasters and those that did not, which enables the examination of 

the main issue of this paper.  

 

There are potential constraints while using the fixed effects method. Scarce variation in the 

independent variable can limit the ability of estimating the model parameters accurately. Even 

though there are instances of provinces depicting constant values on the independent variable, 

their inclusion in the model should increase the efficacy of estimates. To contrast the fixed 

effects model, pooled OLS regressions are conducted. Both models use heteroscedasticity and 

autocorrelation consistent standard errors to allow for serial correlation within provinces and 

relax the assumption of homoscedasticity (Stock & Watson, 2015). Additionally, the bivariate 

pooled OLS is conducted both with and without controlling for time via year dummies, in order 

to provide nuance. The identifying assumptions for the econometric model are assessed in 

Section 3.11. 

 

3.2 Indonesia as a sample population 

A sub-national analysis was chosen in order to enhance comparability between units over time. 

In addition, a country level analysis could risk masking localised changes in fertility as a response 
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to natural disasters. The sample population consists of 22 Indonesian provinces and 110 

observations. In relation to previous studies, the number of observations is relatively small. A 

lack of data acted as a constraint in this regard, even though it would have been favourable to 

include additional observations in order to put less strain on the model and increase variation.  

 

The choice of sample population was restricted by the theories' scope conditions. The demand 

for children as a response to an increase in the demand for insurance, is restricted theoretically to 

apply in economies lacking well-functioning insurance and credit markets (Becker, 1992; Pörtner, 

2001). Data indicate that such a setting is prevalent in Indonesia. In 2012, 63 per cent of women 

in Indonesia lacked health insurance. Local governments provided health insurance to 26 per 

cent of women and only a few per cent received insurance privately or from their employer (BPS 

et al., 2013).  

 

Indonesia additionally appeared suitable since fertility data are available for several years between 

1994 and 2012. Ideally, panel data for a number of consecutive years would be available at a local 

level, with exact location at the time of the natural disaster and other relevant variables 

concerning births and childbearing. Detailed and consistent fertility data on sub-national levels 

are difficult to obtain and the field has been plagued by data constraints inhibiting the ability to 

isolate causal effects (Nobles et al., 2015). This paper has chosen to include solely those 

provinces that had full data for all years and were not subject to any known change in their 

geographical division. This generated a fully balanced panel and increased data coherency. Even 

though imputation could have been an alternative to this exclusion, data restrictions would cause 

such imputation values to be highly uncertain and it was therefore deemed unfit. For a list of all 

included provinces, consult Table A1 in the Appendix and consult Figure A1 in the Appendix 

for a map of Indonesia. 

 

Finally, a few scholars have previously studied natural disasters and its relation to fertility in 

Indonesia (see e.g. Nobles et al, 2015) which increases the relevance of testing whether the same 

theory will yield coinciding results in the same setting, but under different methodological 

specifications.  

 

3.3 The Indonesian context 

Indonesia consists of tens of thousands of islands spread out in Indian and Pacific Ocean and 

South China Sea (BPS et al., 2013). Although populating approximately 261 million, only a third 

of Indonesia's islands are inhabited (UI, 2018) and some areas are considered to be among the 
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most densely populated in the world (CIA, 2018). At the end of the time period studied here, 

Indonesia was divided into 33 provinces (BPS et al., 2013). A majority of Indonesian islands are 

volcanic and earthquakes are commonly reported (UI, 2018). The country was also hit by one of 

the most severe tsunamis ever recorded in 2004 (Athukorala & Resosudarmo, 2006). 

 

Indonesia suffered an economic crisis in the end of the 1990s but has experienced substantial 

economic growth in the latest decade (UI, 2018). Although the gross domestic product (GDP) 

per capita reached an unprecedented level in 2012 (BPS et al., 2013), poverty is deemed to be 

prevalent. The proportion of poor in Indonesia depends on the choice of poverty line, but 

figures indicate at least ten per cent and at most 40 per cent live in poverty (UI, 2018). The 

governmental social spending amounted to of 0.8-0.9 per cent of GDP per capita during the 

time period of the study (Kim & Prskawetz, 2010; World Bank, 2018). 

 

In terms of ability to control fertility in Indonesia, the Indonesian government has introduced a 

number of population policies in order to lower the number of births per woman (BPS & Macro 

International, 2013). In 2012, the estimated percentage of women perceiving an unmet need for 

family planning was 11 percent, but the proportion of women having knowledge about modern 

contraceptive methods was 98 per cent (ibid). The main reason for discontinuing the use of 

contraception was the wish to become pregnant and 1.6 per cent of women stated that lack of 

access or monetary resources was the reason for discontinuation (ibid). 

 

Even though this thesis focuses on Indonesia, there is little reason to believe that the results are 

not generalisable to other countries with similar settings in terms of income levels and threats of 

natural disasters, such as Thailand, India, Sri Lanka and Bangladesh.  

 

3.4 Main specification  

The main specification in this paper is: 

 

Total fertility rateit= α0 + βXi(t-5) + γZit + αi + λt +εit 

 

Where the dependent variable is total fertility rateit for province i in year t, where α0 is a constant 

and Xi(t-5) is the main independent variable, occurrence of severe natural disasters within the last 

five years. β is the main parameter to be estimated in order to examine the effect of severe 

natural disasters on the total fertility rate and is hypothesised to be positive and statistically 
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significant. Zit denotes the included control variables. αi is the entity fixed effects and λt is the 

time fixed effects6. Last, εit is the error term.  

 

3.5 The demand for children: measurements and data 

3.5.1 Total fertility rate as a measurement of the demand for children 

The demand for children, aimed at being explained in this paper, is measured by the total fertility 

rate. The total fertility rate is defined as “the total number of children that would be born to each 

woman if she were to live to the end of her child-bearing years and give birth to children in 

alignment with the prevailing age-specific fertility rates.”7 (OECD, 2018), assuming no mortality 

(UN, 2007).  

 

The total fertility rate appears to be a well-used measure in the literature on fertility (Urdal & 

Che, 2013) and is favourable since it is unaffected by the age composition of the population 

(Schultz, 1997). However, the total fertility rate partly deviates from what the theory intends to 

explain, namely the number of demanded children. The total fertility rate measures the number 

of actual children born, but parents can have both a higher or lower number of children than 

demanded. Although there are data on the wanted total fertility rate, this fertility rate can be 

complex to address statistically since the ideal number of children is dependent on a number of 

factors linked to partly unobservable traits, such as culture and tradition. Furthermore, a large 

per cent of this paper's sample has answered that the number of children is not up to them but 

up to higher powers to decide, which would make it highly methodologically uncertain to 

address the demand for children with such measurement. Additionally, the number of actual 

births can be deemed to be of higher policy relevance than the number of wanted births. 

However, the correlation between the wanted and actual total fertility in this paper's sample is 

0.95, implying that they highly co-vary (Cohen, 1988). The total fertility rate is consequently 

deemed the most useful main measurement of fertility in the context of this paper. For contrast 

however, the wanted fertility rate will be used as an alternative dependent variable and is further 

addressed in Section 3.7. 

 

                                                 
6 The time fixed effects are denoted "year dummies" in the regression results displayed in Section 4.1 
7 See e.g. MEASURE Evaluation’s Family Planning and Reproductive Health Indicators Database (2018) for full technical details 
on calculations of the total fertility rate. 
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3.5.2 Demographic and Health Surveys (DHS) data on total fertility rate 

The data on aggregate total fertility per province is derived from the final reports of 

Demographic and Health Surveys (DHS) program, funded by the United States Agency for 

International Development (USAID) (DHS, 2018b). The data are publicly available through the 

DHS website8, increasing the replicability and transparency of this study. 

 

DHS conducts surveys on which they use data to calculate country and provincial estimates for 

fertility, which are the estimates used in this study. DHS calculates the total fertility rate by using 

birth history records for three years preceding the survey (Pullum et al., 2017). The sample in 

DHS surveys focuses on ever-married women9 between the age 15-49 years. The data are 

consistent with the theoretical scope as it should be able to capture the theoretically suggested 

replacement effects since women are of fertile age. This effect would otherwise have been 

difficult to capture if the data used included women above fertile age, since conceiving additional 

children could be biologically infeasible at such age.  

 

The data used for the analysis consist of five years: 1994, 1997, 2002, 2007 and 2012. DHS 

conducted before 1994 were not included in this analysis due to substantial changes in the 

divisions and number of provinces. Although it would have been possible to utilise an 

unbalanced panel, including earlier DHS rounds could risk highly distorting data coherency and 

the ability to infer from the derived estimates. Furthermore, data from the most recent DHS 

were deemed most relevant in terms of updated numbers for policy implications. 

 

3.5.3 Assessing data quality and potential bias in DHS data 

DHS data are favourable in several aspects. First, DHS uses standardised variables, resulting in a 

consistent meaning of the majority of variables across surveys (DHS, 2018a). This enables the 

creation of a panel at an aggregate level10 and augments data coherency while using several 

surveys in the same analysis. Second, DHS is one of the main sources of data on fertility and 

other demographic factors in an international context (Schoumaker, 2012). Third, DHS fertility 

estimates for Indonesia have been found to be of high quality (ibid). Fourth, DHS data have 

                                                 
8 Aggregate provincial measures available via final reports for Indonesia, see https://dhsprogram.com/publications/publication-

search.cfm 
9 The latest Indonesian DHS survey (2012) does not distinguish between ever married and other women and accordingly use 
another sampling frame than the previous DHS. Since there can be a difference in the fertility between ever married and other 
women, this operation could affect the result measured over time. However, all provinces are equally affected.  
10 Note that the DHS are not panel data on the individual level, hence the same household and individuals are not interviewed 
each year. However, panel data on the individual level would not be as useful for the analysis conducted here due to the nature of 
fertility being dependent on age. Hence, following individuals over time, some of which would gain and others partly or fully lose 
fecundity and fertility, would not be useful to test a theory of fertility for several years. 
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formerly been used while addressing natural disasters’ impact on fertility (see e.g. Finlay, 2009).  

 

As with other surveys, DHS has certain limitations in estimating aggregate total fertility rates 

(Schoumaker, 2012). First, births can be omitted in the surveys, causing an underestimation of 

fertility (ibid). However, DHS has taken measures to reduce the risk of such underreporting 

(CBS et al., 1995). Second, birth rates can be misreported due to the lack of memory or 

knowledge regarding the birth details or due to intentional omission (Schoumaker, 2012). Third, 

DHS estimates can in general suffer from selection bias since it only gathers data from living 

women, however this has found to not cause substantial problems in estimating Indonesian 

parameters specifically (CBS et al., 1998; ibid). It is however reasonable to assume that these 

obstacles are not unique to DHS data but are likely to occur in other survey data as well. The risk 

of potential bias in the data should however be borne in mind when assessing the results. 

 

DHS data are only available at the provincial level and aggregate measures are therefore used for 

each province. This poses a number of limitations since provincial averages can mask local 

changes as they are composed of a large number of people. Other studies have also been 

subjected to similar data obstacles (Nandi et al., 2018) and no data that could serve as a suitable 

substitute for DHS were found.  

 

3.6 Defining and measuring severe natural disasters 

3.6.1 Defining natural disasters 

A definition of disaster is needed to distinguish natural disasters from other less rare natural 

events. As stated by Norris et al.: "Although usually self-evident, what exactly constitutes a 

disaster is not always clear at the boundaries" (2002, p. 208). To recap, natural disasters are here 

defined in accordance with CRED, defining a disaster as “a situation or event that overwhelms 

local capacity, necessitating a request at the national or international level for external assistance; 

an unforeseen and often sudden event that causes great damage, destruction and human 

suffering” (Guha-Sapir et al., 2016, p. 13).  
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To be coded as a disaster in CRED's Emergency Events Database (EM-DAT)11 an event should 

meet at least one of the following criteria:  

"(1) ten or more persons reported killed  

(2) hundred or more persons reported affected  

(3) declaration of a state of emergency or  

(4) call for international assistance" (EM-DAT, 2018).  

 

Affected refers to "people requiring immediate assistance during a period of emergency, i.e. 

requiring basic survival needs such as food, water, shelter, sanitation and immediate medical 

assistance" (ibid).  

 

Including all natural disasters that satisfy the EM-DAT criteria for a disaster, is however not fully 

coherent with the theory since some provinces could experience natural disasters by that 

definition fairly often and the theory relies on natural disasters being highly anomalous events 

leading to lives lost and increased exposure to risk. Therefore, this paper adds further sample 

criterion in terms of severity. In accordance with the literature review, previous research often 

also substantially limits the disaster events in their sample by criteria of severity, the number of 

affected and unpredictability (see e.g. Norris et al., 2002). 

 

To be considered a severe natural disaster in the context of this paper, the natural disaster had to 

be among the ten per cent most extensive in terms of number of deaths, number of affected or 

estimated damage to property, livestock and crops12 recorded in the EM-DAT data for Indonesia 

within the last seven decades13 14. Using this definition should yield natural disasters that were 

unpredicted in terms of scale and damage due to their relative rarity in severity. To the best of 

this paper's authors’ knowledge, this approach has not appeared in other studies resulting in the 

lack of an established methodological framework to base this operationalisation. It is recognised 

that using such criteria can be plagued by problems in terms of distinctions at the boundaries 

and potentially be perceived as arbitrary. Although unable to build on previous works in this 

                                                 
11 Data available after registration through http://www.emdat.be/database. Accessed authorised 27th of March 2018. 
12 These three factors in most cases yielded identical disasters, meaning that the natural disasters that result in the most deaths 
often are the most severe in terms of people affected or material damage. 
13 Calculated percentiles were based on natural disaster data for the years 1950 to 2018. 
14 In the EM-DAT data, a zero is coded if there is no information (2018). This could have skewed the sample selection process 
conducted in this paper. However, it is reasonable to assume that severe disasters would not go unnoticed. No feasible approach 
to mitigate this lack of information was found. 
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specific matter, this paper's inclusion criteria should enable insight to the area of study, 

contrasting with previous studies' focus on one single disaster. 

 

3.6.2 Coding severe natural disasters using EM-DAT data 

Following a similar approach as Nobles et al. (2015), the occurrence of severe natural disasters 

was coded as a dichotomous variable. The location information in the EM-DAT dataset was 

used to code each disaster by province. For a province to be coded as having a severe natural 

disaster, the province had to experience a natural disaster within the last five years that were 

among the ten per cent most severe natural disasters in terms of number of deaths, number of 

affected or estimated damage to property, livestock and crops recorded in the EM-DAT data for 

Indonesia within the last seven decades.  

 

A lead of five years was constructed to capture the delayed effects of both fertility decisions and 

disasters. As noted by Becker, achieving pregnancy often takes time (1960) and inevitably an 

outcome associated with pregnancy can only be addressed after a certain number of months. 

Furthermore, it is reasonable to assume that it can take years before natural disasters have a 

discernible effect on demographic factors such as fertility (Lee, 1997). Last, the number of births 

in the immediate time following a severe natural disaster can be reduced due to miscarriages 

caused by the event or psychological traumas (Nobles et al., 2105). Due to the postponed 

measurable effect of the demand for children, it is favourable to study a five-year period.  

 

3.6.3 Assessing EM-DAT data limitations and operationalisation of natural disasters 

Data on natural disasters are derived from EM-DAT, a global database governed by Centre for 

Research on the Epidemiology of Disasters (CRED) at the Catholic University of Louvain, 

Belgium. The database provides information on more than 20,000 disasters since 1900 by 

utilising data from mainly UN agencies but also other various sources such as press agencies and 

humanitarian organisations (Tschoegl, et al., 2006; Rubin & Dahlberg, 2017). For each disaster, 

EM-DAT aims to code several pieces of information such as the number of dead, number of 

affected and material damage. EM-DAT data is also deemed methodologically consistent and 

comparable over time (Guha-Sapir & Below, 2016). The data appear to be a widely used source 

within the field of natural disaster related research (see e.g. Finlay, 2009; Kahn, 2005; Yamamura, 

2014). 

 

There are certain limitations while using EM-DAT data. Similar to the DHS, EM-DAT codes its 

data at an aggerate level (Tschoegl, et al., 2006). The unit of analysis in the EM-DAT dataset is 
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natural disasters and not as in this paper, provinces. As a result, data do not contain information 

on the number of deaths, number of affected or damage per province but per natural disaster. EM-

DAT's location information does not indicate how and to what extent different provinces were 

affected15, an obstacle also noted in a review of natural disasters data (ibid). This inherently 

inhibits the ability to distinguish between different geographical settings within provinces, such 

as urban and rural areas, even though the DHS data would allow for such division.  

 

Ideally, individual data containing information on those dead and affected together with loss of 

materials and income in natural disasters for each province and year would be available. Such 

information would have corresponded well to the causal mechanism under scrutiny since it 

would enable the studying of whether the theorised replacement effects were practiced and the 

demand for insurance increased after the loss of children and income. However, after 

considering a review of datasets on natural disasters (ibid), no other source that was deemed fit 

to serve as a substitute to EM-DAT was found.  

 

3.7 Alternative dependent variable – wanted total fertility rate 

The wanted total fertility rate can complement the total fertility rate by measuring the demand 

for children without it being distorted by the ability to conceive children. Therefore, the 

following alternative specification is added:  

 

Wanted total fertility rateit=α0 + βXi(t-5) + γZit + αi + λt +εit 

 

Where the dependent variable is wanted total fertility rateit  is ”the number of children who would be 

born per woman […] if she […] were to pass through the reproductive years bearing children 

according to a current schedule of age-specific fertility rates if only "desired" or "wanted" births 

occurred” (MEASURE Evaluation, 2018) for province i in year t. α0 is a constant and Xi(t-5) is the 

main independent variable of occurrence of severe natural disasters within the last five years. β is 

the main parameter to be estimated in order to examine the effect of severe natural disasters on 

the wanted fertility rate and is hypothesised to be positive and statistically significant. Zit denotes 

the included control variables. αi is the entity fixed effects and λt is the time fixed effects. εit is the 

error term. Data on the wanted total fertility are derived from DHS final reports (BPS et al., 

2013; BPS & Macro International, 2008; BPS & ORC Macro, 2003; CBS et al., 1998; CBS et al., 

1995). 

                                                 
15 Retrieved to authors in e-mail correspondence with EM-DAT representatives on 18 th of April 2018.  
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3.8 Controlling for confounding factors and other fertility determinants 

Building on Becker's and Pörtner's theories, control variables are included in the regressions to 

reduce the risk of bias in the estimates and increase efficiency, following a similar approach as 

Mörk et al. (2013). Since the unit of analysis is provinces, all controls are aggregate 

measurements for the provinces each year. 

 

Percentage of females currently employed, median years of schooling for females and for males, 

the under-five mortality rate and percentage of households with electricity will be controlled for. 

Data are adapted from the DHS final reports (BPS et al., 2013; BPS & Macro International, 

2008; BPS & ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995) and DHS survey data, which 

is favourable for data coherency since all aggregate estimates derive from the same sample 

population. 

 

3.8.1 Female employment as a proxy for the cost of children 

As described more thoroughly in the theory section, the cost of children is a suggested 

determinant of the demand for children (Becker & Lewis, 1973). Since children do not only 

require monetary expenses but are also highly time-consuming, the foregone value of earnings 

due to time spent child-rearing is a large contributing factor to the total cost of having children 

(Becker, 1992). Even though other people can assist in childcare, traditionally the mother is often 

the parent devoting the most time to childcare (ibid) and consequently the female labour force 

participation rate can serve as a proxy for the cost of children. 

 

Ideally, provincial data on the average expenditure on each child in terms of purchased goods, 

time and forgone earnings would be available. No such data were however found and the per 

cent of females employed in each province will here function as a proxy, in line with the previous 

literature (Pörtner, 2001). 

 

3.8.2 Female and male education as a proxy for expected future income 

This paper's theory suggests that in a setting with uncertain future income and incomplete capital 

markets, child-rearing can be used as a consumption smoothing mechanism (Becker, 1992; 

Pörtner, 2001). If parents expect to have a lower income in the future than in the present, risk-

averse households should increasingly wish to shift resources from the first to the second period 

to reduce risk of experiencing low-income periods (Pörtner, 2014). Theoretically, decreased 

expected future income should have a positive effect on the number of children demanded 
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under these conditions since child-rearing can function as an incomplete substitute for savings 

and insurance while lacking formal options (Pörtner, 2001). 

 

Expected future income can be difficult to directly observe. Since education is highly associated 

with one's future potential earnings, this is often used as a proxy for expected future income 

(ibid). Among other things, education should lead to both a higher and more stable expected 

future income (ibid). Even though the mother's education has been argued to be of particular 

importance (ibid), scholars in the field have also controlled for the male level of education 

(Nandi et al., 2018) since this should also affect the expected future income level of the 

household. This paper therefore accounts for both female and male education by utilising data 

on median years of schooling in each province.  

 

3.8.3 Under-five mortality rate 

Under-five mortality rate is defined as “the probability of dying between birth and exact age 5” 

and is measured as the number of under-five deaths per 1000 live births (BPS et al., 2013).  

Both Becker's and Pörtner's theories imply that child mortality patterns should affect fertility 

among households since parents obtain their utility from surviving children (1960; 2001). 

Consequently, for a given number of surviving children demanded, the number of births have to 

increase if the risk of child mortality increases16(Becker, 1992). The under-five mortality rate per 

province is therefore controlled for.   

 

3.8.4 Access to electricity as a proxy for standard of living 

Income level is in Becker's theory essential to the main parameters determining the demand for 

children. Standard of living has often been accounted for in similar analyses (Nandi et al., 2018) 

since the income level is theorized to be one of the main determinants of fertility (Becker, 1960).  

 

The DHS data do not contain any coherent measurement of income or wealth for the years 

studied17, the percentage of households having access to electricity is therefore used as a proxy 

for standard of living. In contrast to the data on other variables, the aggregate estimates per 

province on this indicator do not derive from the DHS final report but were calculated manually 

                                                 
16 Under-five mortality and other child mortality measurements can also affect additional factors related to fertility behaviour, 

such as age of marriage and household structures (Ben-Porath, 1976, p. S164). 
17 Some more recent DHS data include a wealth index but due to the lack of consistent measuring of this variable throughout the 
studied time period, it was not deemed feasible to include the wealth index in the analysis. 
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using household survey DHS data18. To account for the stratified sampling method used by the 

DHS, sample weights were used (Pullum et al., 2017)19.  

 

3.8.5 Addressing the issue of endogenous and bad controls 

There are a number of factors that affect fertility that would be appropriate to control for. 

However, some of these factors can be considered endogenous since they are also affected by 

natural disasters, leading them to also being outcome variables (Angrist & Pischke, 2015). These 

factors are often referred to as bad controls (ibid). The presence of endogenous controls makes 

it difficult to disentangle the causal link between natural disasters and fertility, which has also 

been noted by previous researchers (e.g. Pörtner, 2014; Nobles et al., 2015). 

 

Although essential to the theoretical model used to explain the demand for children, the 

inclusion of a measure of standard of living and under-five mortality could pose obstacles in 

correctly estimating the main parameters in the regression model due to endogeneity issues. On 

the other hand, the variables concerning education of currently adult women and men and their 

employment status could be regarded as more exogenous factors in this context. Having 

acquired certain years of schooling can naturally not be reversed or affected by a natural disaster. 

Even though natural disasters can disrupt the ability to work, it might not lead to a permanent 

and long-term effect on employment. At its extreme, natural disasters can be argued to affect the 

majority of decisions and factors in an economy (Pörtner, 2014). This would make natural 

disasters' interaction with societal phenomena an infeasible area of research, especially since a 

fully experimental design could neither be practically nor ethically conducted. To provide nuance 

on the issue of potentially bad controls, all regression specifications will entail models with and 

without the controls argued to be the most endogenous in this specific context. 

 

  

                                                 
18 Available after authorised registration via DHS Program https://dhsprogram.com/Data/. Accessed authorised to individual 

datasets 6th of April 2018. 
19 It is however noted by a DHS methodological report that it is possible that the method to calculate the estimates from DHS 

datasets manually could be marginally different from the method applied in the DHS reports since DHS do not fully disclose full 
details on different weights in order to ensure anonymity of their respondents (Pullum et al., 2017).  
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3.9 Descriptive statistics 

To summarise the variables in the analysis, summary statistics are depicted in Table 1 below: 

 

Table 1: Descriptive statistics for all included variables 

 
Note: The table reports the mean, the number of observations (N), the standard deviation, the minimum and maximum for all included variables for all time periods and 

provinces included, rounded to two decimals. Data adapted from BPS et al., 2013;BPS & Macro International, 2008; BPS & ORC Macro, 2003; CBS et al., 1998; 

CBS et al., 1995.and EM-DAT. 

 

Table 1 illustrates that the total fertility rate ranges between 1.79 and 4.20 births per woman and 

the mean total fertility rate in the sample is 2.80 births per woman. In contrast, the wanted total 

fertility rate has a smaller range and the mean is almost "half a child" lower per woman than the 

actual fertility rate. The under-five mortality rate has the largest standard deviation in the sample, 

ranging between 19 and 159.5 deaths of children under age five per 1000 live births. The 

variables regarding per cent of women employed and per cent with electricity also depict 

substantial variations.  
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To additionally display the variation in the data, the below Figure 2 illustrates the provincial 

differences in total fertility rate over time. 

 

Figure 2: Change in total fertility rates between 1994 and 2012 in included provinces of Indonesia  

 
Note: Data adapted from BPS et al., 2013;BPS & Macro International, 2008; BPS & ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995. 

 

The provincial differences in total fertility rates and the changes over time are evinced in Figure 

2. While some provinces have experienced a fairly stable fertility rate, others have undergone 

substantial fluctuations. The dashed line displays the average total fertility rate for Indonesia as a 

whole. Most provinces in this sample appear to be above the national average. The provinces' 

differentials and the variations over time pose further questions as to whether this pattern can in 

part be explained by severe natural disasters. 
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Figure 3: Difference between wanted and actual total fertility rates in Indonesia between 1994 and 2012

 
Note:  Graph over fertility rates and wanted fertility rates in Indonesia between 1994 and 2012, data adapted from BPS et al., 2013;BPS & Macro International, 
2008; BPS & ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995. 

 
The difference between wanted and actual total fertility rate is depicted in Figure 2. The graph 

illustrates the large variations between wanted and conceived births. The pattern poses further 

questions about whether the total fertility rate alone constitutes a suitable measurement of the 

demand for children, often used as an indicator in similar academic papers. This further 

motivates the inclusion of the alternative dependent variable of wanted total fertility rates to 

provide nuance. 

 

3.10 Assessment of identifying assumptions and internal validity 

The fixed effects and pooled OLS regression models require the fulfilling of a number of 

assumptions to produce unbiased and consistent estimates (Stock & Watson, 2015). The validity 

of the findings for the studied population are addressed in terms of omitted variable bias (OVB), 

misspecification of the functional form, measurement errors and errors-in-variables bias, sample 

selection bias and reverse causality.  

 

3.10.1 Bias due to omitted factors and the exogenous nature of disasters 

The use of OLS assumes that the error term has a conditional mean of zero for given values of 

the independent variables (Stock & Watson, 2015). This is crucial for the estimator to be 

unbiased. The lack of including factors that determine the dependent variable while also 

correlating with the independent variable leads to OVB which lowers the internal validity (ibid).  
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Natural disasters are to a large extent random since the exact timing, magnitude and place of 

occurrence can rarely be precisely anticipated (Nobles et al., 2015). Some areas are however more 

vulnerable to severe natural disasters. The main independent variable of this paper is based upon 

the EM-DAT-criteria, which defines a natural disaster based upon a natural event resulting in 

either a call for international assistance, declaration of a state of emergency, a number of deaths 

or injuries. It is likely to believe that a number of socioeconomic factors can be correlated with 

the likelihood of being included in the EM-DAT data that also are determinants of fertility. Such 

factors can be poverty or the lack of adequate healthcare. Even though the inclusion of such 

factors could have lowered the risk of OVB contaminating the parameter estimates, no suitable 

data in this regard were found. Additionally, the fixed effects set-up and the included controls 

should further reduce this risk. 

 

3.10.2 Specifications of the functional form 

A misspecification of the functional form occurs if the mathematical function of the estimated 

regression deviates from the functional form of the population regression, resulting in biased 

estimates (Stock & Watson, 2015). In the context of this thesis, it can be questioned whether a 

linear model is the most suitable model to as accurately as possible test the hypothesis. It is 

possible that the total fertility rate will not increase linearly with the occurrence of several severe 

natural disasters but rather increase at different rates. 

 

3.10.3 Potential sources of measurement errors and errors-in-variables bias 

There are a number of potential sources of measurement errors in the data for the independent 

variable, which can potentially cause estimators to be biased towards zero and inconsistent (ibid). 

Two forms of measurement errors will be addressed: data processing errors and systematic 

measurement imprecision. 

 

To detect data processing errors, all observations were scrutinised mathematically and graphically 

to examine whether any observations took on values that were out of the feasible range. The  

independent variable is dichotomous and hence any values outside of the two possible values 

would have been detected. Although such operation can rarely fully eliminate the risk of 

administrative errors, no indication of an observable error was found. Even though there are 

more complex ways of thoroughly addressing potential errors-in-variables bias by using 

instrumental variables or develop a mathematical model of the error (ibid), no such operation 

was feasible within the scope of this paper. 
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In terms of systematic measurement errors, the measurement of the main independent variable 

can risk being imprecise, potentially leading to errors-in-variables bias. The imprecise coding of 

natural disasters using the location data in EM-DAT could have introduced systematic errors. 

The EM-DAT location information was used fully as the source of whether each province had 

experienced a severe natural disaster even though the EM-DAT data do not clarify to what 

extent the disaster had had an impact in each province but only provide data on the natural 

disaster as a whole. Consequently, it is possible that a province has acquired a value on the 

independent variable that does not accurately mirror the extent to which the province has 

suffered from damage and casualties and could therefore potentially be partly misleading. 

Although an obstacle to accurately measuring the main independent variable, no suitable 

alternative data were found to mitigate this difficulty.  

 

Another source of measurement error in terms of the main independent variable is the definition 

of natural disasters in the coding. Since the coding of EM-DAT is based upon the receiving of 

information from a number of different agencies and actors (Tschoegl et al., 2006), there could 

be disasters that do not gain attention due to the context not being thoroughly covered by media 

or other reporting agencies. This could lead potentially to an overreporting of disasters in some 

areas and an underreporting of natural disasters in less media-covered areas. However, since this 

paper only codes severe, rather than all, natural disasters, it is reasonable to argue that such 

disasters would have gained attention regardless of location due to its strong magnitude. 

 

In terms of potential errors in the data on total fertility and the control variables, conducting a 

survey can entail both non-sampling and sampling errors leading to discrepancies with the "true" 

population estimates. DHS carries out verifications and correction of data errors and utilises a 

complex sampling design in order to obtain representative provincial estimates. For closer details 

on the potential errors in DHS data, consult the DHS appendix on survey design (BPS et al., 

2013; BPS & Macro International, 2008; BPS & ORC Macro, 2003; CBS et al., 1998; CBS et al., 

1995). If the DHS has through their sampling method succeeded in limiting the measurement 

errors in the total fertility rate estimate to being completely random, this would only yield a large 

variance of the regression and its estimates, but not introduce any bias into the main parameter 

estimate (Stock & Watson, 2015). 
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3.10.4 Assessing whether the sample selection process has introduced bias 

The selection process used to identify which provinces to include in this paper's sample was 

based upon two criteria:  

 

1) that data was available for the province on all variables of interest through all years of interest 

2) that the province did not appear to have undergone any changes in its geographical division 

during the time period studied 

 

Since this paper utilises a subsample of the full Indonesian population, sample selection bias can 

risk being present since the exclusion of some provinces could be correlated with unobservable 

factors that also determine the total fertility rate. Randomly missing data, related to either the 

independent or dependent variable, do not cause any bias (ibid), however the missing data in this 

sample are not likely to be random. Since the sample selection process in this thesis builds upon 

its inclusion in the DHS data, it inevitably depends on what provinces DHS covers. For example, 

in the survey for 2002, four provinces were excluded due to what the DHS refers to as "political 

instability" (BPS & ORC Macro, 2003). In this way, provinces that have been left out of the 

DHS can possess certain characteristics that both affect their probability of being included in 

DHS sample and simultaneously affect the main dependent variable of interest, the total fertility 

rate. This could lead to bias in the main estimates since the selection process can correlate with 

the dependent variable (Stock & Watson, 2015).  

 

Even if there are statistical approaches aimed at reducing selection bias, such as the Heckman 

selection model (consult, e.g., Vella, 1998 for an overview in this matter), such operations lie out 

of the scope of this paper to conduct. However, the correlation matrix in Table 2 below could 

provide partial insight as to whether strong selection bias is present, in which it should display a 

high correlation between the main independent variable and the variables concerning standard of 

living, such as electricity access and under-five mortality. A possible benchmark to evaluate the 

Pearson correlations coefficient is that correlations above 0.5 are deemed as high (Cohen, 1988). 

As depicted in Table 2, no variable depicts correlation coefficients exceeding 0.5 in relation to 

the occurrence of severe natural disasters.  
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Table 2: Correlation matrix of included variables 

 
Note: This table reports the Pearson correlation coefficient for all included variables in main specification.  

 

Even though it is possible that the DHS selection process could have been affected by whether 

provinces had experienced natural disasters since it could inhibit data collection processes, no 

such indication has been found. It is therefore deemed as unlikely that the missing data are 

correlated with the values of the main independent variable. Even if this would have been the 

case, such missing data would not have produced bias (Stock & Watson, 2015). 

 

3.10.5 The exogenous and random nature of natural disasters and why simultaneous causality should 

not be a substantial caveat 

In terms of reverse causality, the occurrence, exact location, magnitude and timing of natural 

disasters are not systematically explained by another phenomenon. Even if certain geographic 

areas are more prone to suffer from different forms of climatological and meteorological 

conditions, natural disasters occur with varying degree of uncertainty (Nobles et al., 2015). The 

occurrence of the phenomenon itself cannot be attributed directly to human behaviour. 

Consequently, higher total fertility rates cannot cause severe natural disasters, and reverse 

causality in that sense should not be a problem.  
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3.11 Additional assessment of underlying OLS assumptions 

3.11.1 Assessing normality 

Multivariate regressions are conditioned upon assuming normality (Hair et al., 2014) and 

univariate normality for individual variables20 was addressed by producing measurements of 

skewness and kurtosis. A kurtosis of ±3 indicates that the distribution is more peaked or flat 

than a normal distribution. A skewness of a distribution exceeding ±1 is considered to 

substantially deviate from the symmetry of a normal distribution (ibid), no variables display any 

skewness that is outside the acceptable range and even though three variables display a kurtosis 

marginally higher than the benchmark used (consult Table A2 in the Appendix), none of these 

are variables of main interest. Furthermore, since the sample size exceeds a hundred 

observations, the relatively large sample size in this respect should lower the impact of the 

marginal deviations from normality (ibid). 

 

3.11.2 Assessment of correlation between independent variables (multicollinearity) 

There should not be any high levels of multicollinearity between independent variables when 

preforming OLS (Stock & Watson, 2015). Multicollinearity arises when a regressor is a linear 

function of another independent variable, which can reduce the explanatory power of the 

statistical model since it can cause imprecise estimates (ibid). 

 

To address multicollinearity, variance inflation factors (VIF) were calculated and are presented in 

Table A3 in the Appendix. A VIF value below ten is commonly deemed as an acceptable 

threshold for multicollinearity between independent variables (Hair et al., 2014). All VIF-values 

were below the threshold.  

 

3.11.3 Assessment and handling of outliers 

The use of OLS assumes that large outliers are unlikely (Stock & Watson, 2015). Univariate 

outliers were examined graphically. Several outliers, here deemed as 1.5 times the inter-quartile-

range compared to the lowest or highest quartile (Kellstedt & Whitten, 2013), were found in a 

number of variables. However, these observations were not deemed to be unrepresentative of 

the population of interest nor deemed to be any form of data error and removing such 

observations could risk lowering the external validity of the results (Hair et al., 2014).  

                                                 
20Multivariate normality could also be considered to be addressed since univariate normality does not necessarily yield 

multivariate normality (Hair et al., 2014). However, multivariate normality is more complex to address (ibid) and consequently lies 
out of the scope of this paper. 
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3.11.4 Identically and independently distributed pairs: assessing the DHS sampling method 

The DHS data do not derive from a census of the full population but only from a subpopulation 

of Indonesia. The sampling method used by the DHS to obtain the data used in this paper is an 

important determinant of how well the estimates produced accurately mirrors the true values for 

the population (Maruyama & Ryan, 2014). DHS uses a stratified sampling method with certain 

criteria in terms of standard errors, in order to ensure production of estimates that are 

proportional towards both urban and rural areas in all provinces (Pullum et al., 2017). This 

means that some areas with large populations are consciously under-sampled whereas other areas 

with a smaller population are over-sampled (ibid).  

 

An assumption for OLS is that each pair of the independent and dependent variable should be 

independently and identically distributed, which can often be achieved through simple random 

sampling (Stock & Watson, 2015). Since DHS uses stratified sampling, their estimates include 

sample weights to account for the sampling method (Pullum et al., 2017) which should increase 

the ability of their estimates to mirror those of the true population. However, DHS appears to 

use systematic sampling (CBS et al., 1995; BPS et al., 2013) in which the elements are not chosen 

independent of each other (Maruyama & Ryan, 2014). It is however reasonable to use some form 

of stratified sampling method in order to yield representative estimates for a stratum of the full 

population and it is usually monetarily and practically infeasible to conduct a survey covering the 

full population (Maruyama & Ryan, 2014). Additionally, a sample can address a number of 

questions often deemed too detailed for a full census to address (ibid). Therefore, even though 

the DHS data do not fully adhere to the assumption that each pair of the dependent variable 

should be independent and identically distributed, its weights used while calculating provincial 

estimates should increase its likelihood to be closer to the true population value. 

 

4. Results and analysis: natural disasters' effect on fertility 

4.1 Display and assessment of regression results 

In this section, the results from the fixed effects and pooled OLS regressions will be presented21. 

In each result table, bivariate regressions on solely the main independent and the dependent 

variable are first presented. Second, multivariate regressions with the addition of the three 

exogenous variables education, employment and husband’s education are included. Last, a 

                                                 
21 Data analysis were conducted in STATA.  
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multivariate model that additionally includes variables that can be potentially endogenous is seen 

in the result tables. Except for the first OLS model, the results produced use both time and 

entity fixed effects as well as OLS with clustered standard errors22.  

 

The hypothesis to be tested is: provinces that have experienced severe natural disasters within the previous 

five years, should ceteris paribus have a higher total fertility rate than provinces that have not experienced such 

disasters. In other words, the theoretical prediction is that the estimate on severe natural disasters 

β, is statistically positive and the corresponding null hypothesis is that β≤0. 

 

4.1.1 Presenting and assessing total fertility rate and natural disasters 

Table 3: Regression results for main specification

Note: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from BPS et al., 2013;BPS & Macro International, 2008; BPS & 

ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995 and EM-DAT.  

 
No model in Table 3 displays a significant correlation between the main independent variable 

and the dependent variable. The direction of the estimated parameters regarding the main 

independent variable is negative, which is also contrary to the theory’s prediction. Due to the 

lack of statistical significance at the ten percent level, it cannot be determined as to whether this 

result is due to randomness. Since insignificant estimates could be yielded due to randomness, 

insignificant estimates will henceforth not be further addressed in terms of direction or 

magnitude in order to avoid speculation.  

 

                                                 
22In line with suggestions by Stock & Watson (2015), the estimates for time and province dummies are not included in the 
regression results since they are not the main variables of interest in this paper. 



Hanna Riese & Rebecca Vitri Spring of 2018 Bachelor's thesis in Economics  

   

   

  33(50)33 

 

In contrast to the estimate concerning natural disasters, the two control variables under-five 

mortality and electricity access in the household are statistically significant at the one per cent 

significance level in the OLS model 4. The estimates are also significant at the five per cent 

significance level in fixed effects model 7. The estimates are in the direction as proposed by the 

theory: higher under-five mortality rate is on average associated with an increase in the total 

fertility rate and household access to electricity is associated with a decrease in the fertility rate, 

holding other factors constant. Interpreting the estimate for under-five mortality, it can in 

absolute numbers be regarded as fairly small in model 4 and 7. However, in relation to the range 

that total fertility takes on in this sample, it can be still argued to be of economic significance. To 

demonstrate the relative magnitude, the total fertility rate would for example be estimated in 

model 4 and 7 to increase with almost "half a child", holding other factors constant, in a 

situation where the number of under-five deaths per 1000 live births would temporarily increase 

with 50 and 76 units respectively.  

 

Examining the estimate for electricity access, it is on average associated with a decrease in the 

total fertility rate, holding other factors constant. Model 7 illustrates that on average, each unit 

increase in household electricity access yields on average a decrease in the total fertility rate of 

0.0087 children, while controlling for other factors. For this estimate to have an economic 

significance, there has to be quite a substantial reduction of household electricity access. 

However, it is still in accordance with the suggested theory. 

 

One should however be careful to draw too many conclusions based upon the significance of the 

estimates concerning child mortality and electricity access, since these are of endogenous 

character and a part of the causal mechanism proposed. This inherently makes the estimates 

more complex to address. However, it is still of interest that these variables are statistically 

significant as they still provide insight to their importance in determining the fertility. 

 

There are differences between the fixed effects and the pooled OLS models. The significance 

level of variables concerning child mortality and household electricity access decreases in the 

fixed effects regression. Interpreting this reduction, it can potentially be attributed to the lack of 

substantial variation in the independent variable in the fixed effects regression, something that is 

one shortcoming with the fixed effects regression in this context where the main independent 

variable is dichotomous. 
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4.1.2 Presenting and assessing results on wanted fertility rate and natural disasters 

Table 4: Regression results for alternative specification (wanted total fertility rate as dependent variable)

Note: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from (BPS et al., 2013;BPS & Macro 
International, 2008; BPS & ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995) and EM-DAT.  

 

Table 4 demonstrates the results while using the alternative dependent variable wanted fertility 

rate. The first model renders a significant estimate on the five per cent significance level for the 

main independent variable of severe natural disaster within the last five years. The estimate is  

-0.142, which is interpreted as that provinces that have experienced a natural disaster within the 

last five years on average are associated with a 0.142 lower wanted total fertility rate than 

provinces that do not. The direction of the estimate does not depict support for the proposed 

theory, that argues that the estimate would be positive. Although an interesting finding, the 

estimate is not statistically significant in any other model where control variables are introduced, 

and it may be premature to reach too many conclusions based on the bivariate model that only 

explains 2.2 per cent of the variation in the wanted total fertility rate. 

 

Apart from the first bivariate model, the estimate for natural disasters is not statistically 

significant at any acceptable significance level in any other model.  

 

Comparing the regressions between wanted fertility rate and actual fertility rate, the results in 

essence have similar implications. However, some differences of potential interest are evinced, 

shining light on relevance of the inclusion of the wanted fertility rate. First, the bivariate pooled 

OLS regression using wanted total fertility rate displays significance whereas the corresponding 

regression with the total fertility rate does not. On the other hand, the two separate 
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specifications depicted in Table 3 and Table 4 are similar regarding the significance of the two 

variables concerning under-five mortality and household electricity. 

 

Second, an especially intriguing finding is that the models regressing on wanted total fertility rate 

in all models depict a larger determination coefficient than the corresponding models for the 

actual fertility rate. For example, the R2 is 17.5 percentage units higher in the full fixed effects 

model for the wanted fertility than the equivalent model 7 for the total fertility rate. This 

indicates that natural disasters and the other variables, to a larger extent explain variations in the 

wanted total fertility rate than the variations in the total fertility rate. This poses questions as to 

whether the use of the total fertility rate in previous research is the most suitable while 

addressing similar phenomena since it could be indicated that the wanted fertility rate varies 

more extensively with natural disasters than the actual fertility rate. This finding could be of 

interest and deserves further examination in coming studies. 

 

4.1.3 Sensitivity checks using alternative definitions of "severity", different leads and different functional 

forms 

To test the robustness of the findings, several alternative specifications were conducted. 

Regressions were performed using a narrower definition of severity than in the main model 

where solely the five percent most severe natural disasters were coded as natural disasters. 

Furthermore, regressions were conducted to address sensitivity to the functional form by using 

logarithmic specifications of variables. Last, sensitivity checks were conducted to test if the 

results were sensitive to changes in the time lead and the main specification was performed using 

leads with one year, two years, three years and four years. None of these sensitivity checks 

indicated any difference of substance in terms of the main variables of interest in this paper and 

the findings were consequently deemed to be robust. Consult Table A4–A9 in the Appendix for 

the results regarding the sensitivity checks. 

 

In sum, the results do not evince any significant and positive association between severe natural 

disasters and the total fertility rate, both while holding and not holding other factors constant. 

The finding is robust over alternative specifications. Therefore, the results conflict with the 

hypothesis that provinces that have experienced severe natural disasters within the previous five years, should 

ceteris paribus have a higher total fertility rate than provinces that have not experienced such disasters. The null 

hypothesis can therefore not be rejected at any acceptable significance level. However, some 

control variables were significant at the five per cent level, which was in support of their 

inclusion.  
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The findings differentiate substantially from previous works in the field that have found a 

positive and significant association between fertility rates and natural disasters (see e.g. Nandi et 

al., 2018; Davis, 2017; Nobles et al., 2015; Finlay, 2009). Even though this paper has aimed to 

address the issue of natural disasters' potential effect on fertility through a novel methodological 

approach including a wider range of disasters and a longer time period than most other scholars, 

there are a number of factors that should be addressed to assess the validity and relevance of this 

paper's results. 

 

4.2 Alternative explanations and limitations in research design  

4.2.1 The potential role of contraception and other competing explanations 

Since little support was found for the theoretical framework presented in this paper, it is useful 

to address the possibility of alternative theories and causal mechanisms being more apt to explain 

the relationship between natural disasters and fertility. If so, the lack of important controls could 

have contributed to the null results. 

 

A competing theory argues that the impaired access to contraceptives caused by natural disasters 

is the causal mechanism behind the proposed and established positive relationship between 

natural disasters and fertility (Behrman & Weitzman, 2016). In other words, such framework 

would suggest that rather than people demanding more children, more children are born due to 

the lack of protection against unwanted pregnancies. Previous scholars have found support for 

this notion (ibid).  

 

To briefly assess the potential validity of this competing argument concerning contraceptive use, 

regressions were conducted using DHS data (BPS et al., 2013; BPS & Macro International, 2008; 

BPS & ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995) with the average use of any 

contraception in each province as a dependent variable. For results, consult Table A10 in the 

Appendix. The results evinced partial support for an average decline in the use of contraception 

in provinces that have experienced a severe natural disaster compared to those that did not. This 

yielded a significant estimate at the ten per cent significance level while conducting pooled OLS 

regression and controlling for other factors. The estimates are in some models economically 

significant, estimating an average decrease in the use of contraceptives with approximately two 

percentage points in provinces having a severe natural disaster compared to provinces that did 

not experience severe natural disasters the last five years, holding other factors constant. The 

partial support for the argument concerning contraceptive use, poses questions regarding the 
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validity of this paper's presented theory to explain the interaction between natural disasters and 

fertility. This offers an interesting future area of research. 

 

4.2.2 Methodological caveats  

Methodologically, there are a number of threats towards the internal validity as addressed in 

Section 3.10. Having these limitations in mind, it is legitimate to pose a new perspective on the 

findings. Despite that measures have been taken to reduce bias, there are still potential sources of 

various forms of bias. 

 

One of the potential main threats towards the validity of this paper's findings is measurement 

errors. Failing to account, in greater detail, for the extent to which different provinces were 

affected by natural disasters, is likely to have contaminated the estimates with bias since a 

relatively unnuanced dichotomous measurement of the independent variable was used. 

Measurement error in the dependent variable could also have been present. Additionally, as 

discussed by previous scholars in the field, estimates could be distorted if one fails to control for 

migration (Nandi et al., 2018). People who have been affected by a disaster could emigrate 

extensively to other provinces and increase their fertility in these new locations (ibid). The 

change in fertility decisions among those affected by disasters who have emigrated would not be 

mirrored in the data of the disaster's location. Failing to account for such movement could have 

contributed to the insignificant results, even if the proposed theory here is accurate. Additionally, 

the coding of natural disasters as a dichotomous variable could have affected the likelihood of 

producing significant results since there is less variation in a dichotomous variable taking on only 

two values. This is specifically a caveat while performing fixed effects regressions, since such 

models require sufficient variation in the independent variable (Stock & Watson, 2015). 

 

A potential source of OVB is the lack of controlling for the risk of natural disasters, a criticism 

that Pörtner (2014) has put forward against the literature on natural disasters and other shocks 

affecting fertility. The risk of a severe natural disaster occurring is inevitably a factor correlated 

with the actual occurrence of severe natural disasters and a possible determinant of fertility since 

risk can affect the number of surviving children. Lacking a control for the risk of occurrence of a 

natural disaster can consequently cause the main parameter of interest to be upwardly biased, 

since it is positively correlated with both main variables. Data availability did not allow for the 

introduction of controls concerning risk. The fixed effects set-up should account partly for 

differentials in risk environments between provinces. However, if the nature of natural disasters 
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is changing unsystematically and commence to appear more often in formerly low-risk areas, a 

control for risk could potentially have been of importance.  

 

Last, the issue of potential bad controls that are of endogenous nature could have distorted the 

results. The endogenous controls could have channelized the variation stemming from the 

independent variable, potentially masking the independent variable’s effect on the dependent 

variable. This could have increased the likelihood of yielding insignificant estimates in the model 

where these are included, however the main parameter estimate concerning natural disasters was 

not significant in the model without the potentially bad controls either. 

 

4.2.3 Can the theory and its pathways be deemed rejected? 

Having tested the implications of Becker's and Pörtner's theories to the context of natural 

disasters, in order to evaluate the effect of disasters on fertility, a number of questions arise 

concerning the theoretical framework proposed. Even though this paper has aimed to isolate the 

causal effects, it has not been able to directly address the causal mechanism proposed by the 

theory. In other words, the data here could not convey whether children have died and the 

demand for insurance has increased, which is the foundation of this paper's theory. However, 

such detail insight has often been lacking in previous studies as well due to heavy data 

constraints (Nobles, 2015). Consequently, it is not possible to fully disentangle the mechanisms 

that have yielded the results in this thesis. There is a possibility that the theories presented in this 

paper were not fully applicable in this context. This issue can however not be further assessed 

with the data available for this study's purpose. The highly deviating results compared to 

previous works may stem from either methodological limitations in this paper or from the 

proposed theory being inapplicable while studying several disasters. The theory as such should 

consequently not be regarded as either rejected nor accepted, since this paper has tested solely 

the implications of the theory and not the mechanisms themselves.  

 

5. Conclusion 

There are large geographical variations in fertility and one mechanism that has increasingly been 

examined to explain these differentials is the effect of natural disasters. This paper contributed to 

the field of natural disasters and fertility through applying a novel methodological perspective in 

the context of the research area. The majority of previous studies have solely studied one natural 

disaster at a time and have often been lacking the inclusion of controlling for the potential effect 

on fertility from previous natural disasters. By using a seemingly novel methodological 
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perspective and microeconomic theory on fertility, the interaction between natural disasters and 

fertility, this paper addressed the research question What is the effect from the occurrence of severe natural 

disasters on total fertility rates in Indonesian provinces between 1994 and 2012? By performing fixed effects 

and pooled OLS regressions, the hypothesis that natural disasters lead to increased fertility is 

tested. The results contradict the hypothesis and the null hypothesis cannot be rejected at any 

acceptable significance level. The findings are found robust over different specifications. 

 

Other findings in this paper could however provide insight to the general interaction between 

natural disasters and fertility. When using the wanted total fertility rate, the determination 

coefficient is discernibly higher than the corresponding coefficient for the actual fertility rate. 

This could potentially indicate that the variation in the independent variables to a larger extent 

explains variations in the wanted total fertility rate than in the actual fertility rate. This finding 

could be of use in future research while assessing different fertility measures. However, since the 

estimates for the actual and wanted fertility rate are mainly insignificant, one should be careful to 

draw further conclusions in this matter. 

 

The estimates concerning under-five mortality rate and household electricity access are 

statistically significant in several models, which could indicate that these factors are of 

importance while addressing the fertility response to natural disasters. Alternative models also 

generated partial support for the competing theory, that it is the lack of access to contraceptives 

that leads to an increase in fertility in the aftermath of natural disasters. 

 

Even if the main estimates were not in line with the theoretical prediction, the general theoretical 

framework cannot be deemed as rejected since this paper has mainly addressed solely its 

implications. In light of potential methodological constraints, such as the lack of disaggregated 

local data and other measurement errors, the null results should be interpreted with caution. The 

reason for the insignificant result, which highly deviates from previous studies, is not clearly 

discernible but could serve as an argument to readdress the validity of the theory presented here. 

This paper's findings generate a number of questions regarding the fertility behaviour in 

response to natural disasters of different severity, which is consequently an area of research that 

is appropriate for future research to address.  
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Appendix 

Table A1: List of included Indonesian provinces in the sample (for full map of Indonesia depicting all provinces as of 2018 – see 

proceeding Figure 1) 

Provinces 

Bali 

Bengkulu 

Central Java 

Central Kalimantan 

Central Sulawesi 

East Java 

East Kalimantan 

East Nusa Tenggara 

Jakarta 

Jambi 

North Sulawesi 

North Sumatra 

Riau 

South Kalimantan 

South Sulawesi 

South Sumatra 

Southeast Sulawesi 

West Kalimantan 

West Nusa Tenggara 

West Sumatra 

Yogyakarta 

 

 
Table A2: Skewness and kurtosis for included variables 
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Table A3: Variance inflation factors for full regression model 

 
    
 
Table A4: Regressions with occurrence a very severe natural disaster (of natural disasters in the 95th percentile) in the last five years as 
the dependent variable, as a robustness check 

 
Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from BPS et al., 2013; BPS & Macro International, 2008; BPS & 
ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995 and EM-DAT. 
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Table A5: Regressions with log-transformations of variables containing outliers, as a robustness check 

 
Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from BPS et al., 2013; BPS & Macro International, 2008; BPS & 
ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995 and EM-DAT. 

 

As seen in Table A5 above, the estimate is statistically significant in model 1, the bivariate OLS 

model. This is a difference compared to the main models conducted, however in the other 

models there is no difference in significance compared to the main models of interest and the 

linear model is therefore deemed acceptable. 
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Table A6: Regressions with the occurrence of severe natural disasters in the previous year as the independent variable, as a robustness 
check 

 
Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from BPS et al., 2013; BPS & Macro International, 2008; BPS & 
ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995 and EM-DAT. 

 

Table A7: Regressions with the occurrence of severe natural disasters in the previous two years as the independent variable, as a 
robustness check 

 
Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from BPS et al., 2013; BPS & Macro International, 2008; BPS & 
ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995 and EM-DAT. 
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Table A8: Regressions with the occurrence of severe natural disasters in the previous three years as the independent variable, as a 
robustness check 

 
Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from BPS et al., 2013; BPS & Macro International, 2008; BPS & 

ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995 and EM-DAT. 

 

Table A9: Regressions with the occurrence of severe natural disasters in the previous four years as the independent variable, as a 
robustness check 

 
Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from BPS et al., 2013; BPS & Macro International, 2008; BPS & 

ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995 and EM-DAT. 
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Table A10: Regressions with contraceptive use as dependent variable

 
Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Data adapted from BPS et al., 2013; BPS & Macro International, 2008; BPS & 
ORC Macro, 2003; CBS et al., 1998; CBS et al., 1995 and EM-DAT. 

 

 

Figure A1: Map of provinces in Indonesia 
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