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Abstract 

This paper analyzes the impact of extreme weather shocks on education outcomes in 
Mongolia. Our focus is on particularly harsh winters that caused mass livestock mortality 

(called dzud in Mongolian) between 1999-2002 and in 2009/2010. The timing of events 

allows us to analyze both short- and long-term effects of weather shocks on education. Our 

analysis disentangles the effects by age of exposure. Moreover, we provide new evidence on 

which households’ socio-economic characteristics and coping strategies are associated with 
worse or milder impacts of the shock. The data basis is an unusually detailed household 

survey that comprises rich information on households’ shock experience and retrospective 

information on households’ pre-shock socio-economic status. Various measures of shock 

intensity are derived from data on snow depth and livestock mortality. We mainly employ a 
difference-in-differences econometric approach, which allows to draw causal inference by 

exploiting exogenous variation in shock exposure across space and age cohorts. Results show 

that weather shocks negatively affect education both in the short- and in the long-term. 

Individuals from herding households with poorer socio-economic backgrounds appear to be 
particularly affected. Individuals exposed during pre-schooling age bear persistent negative 

human capital effects.   
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1. Introduction 

Extreme weather events are likely to become more frequent in the future and their intensity is 

likely to become less predictable (Murray et al. 2012). These developments are likely to be 

particularly damaging for developing countries, where opportunities for formal insurance are 

often limited (Zimmerman and Carter 2003). Moreover, the literature has shown that negative 

environmental conditions experienced early in life can influence individuals’ health and 

education as adults (Cunha and Heckman 2007). These microeconomic effects translate into 

long-term macroeconomic losses in terms of human capital accumulation and economic 

growth. 

In this paper, we analyze the impact of extreme weather shocks on education outcomes in 

Mongolia. A number of empirical studies focus on the impact of weather shocks or natural 

disasters on education. For instance, Maccini and Yang (2009) find a strong positive 

relationship between rainfall conditions during the first year of life and educational outcomes 

for Indonesian women. Bustelo, Arends-Kuenning and Lucchetti (2012) find a strong 

negative impact of the 1999 Colombian earthquake on child schooling. Another set of studies 

reports evidence for a statistically significant impact of violent conflict on education (Justino 

et al. 2014; León 2012; Shemyakina 2011; Valente 2014). Notwithstanding the extensive 

literature on the effects of shocks on education, some crucial aspects of the topic remain 

incompletely understood.  

First, there is still limited evidence on the mechanisms which drive the effects, as well as on 

the factors which can mitigate them. Exceptions are Aguilar and Vicarelli (2011) and Rosales 

(2014) on the medium-term impact of El Niño in Mexico and Ecuador, respectively. Both 

studies identify changes in family income and food consumption in the aftermath of the shock 

as important channels through which weather shocks negatively affect education. Aguilar and 

Vicarelli (2011) also analyze the potential mitigating effects of conditional cash transfer 

program Progresa on children affected by the shock and find that the intervention had no 

significant effects.  

Second, it is also debated which is the critical age during which children are most vulnerable, 

whether catch up is possible, and under which conditions. Rosales (2014) finds that children 

exposed to severe floods in utero score lower on cognitive test. This result, which underlines 

the importance of environmental conditions during pregnancy for later child development, is 
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consistent with the so called ‘fetal origins hypothesis’ (Hales and Barker 1992), maintaining 

that the fetus adapt to unfavorable conditions in utero, which leads to permanent changes in 

physical structure, physiology and metabolism in adulthood.1 However, recent contributions 

also stress that individuals’ human capital may be affected by environmental conditions 

throughout the entire-life cycle, from childhood to adulthood. This literature, referred to as 

‘the developmental origins’ also gives relatively more attention to the analysis of remediation 

interventions, which can alter post-shocks downward trajectories in individuals’ human 

capital (Conti and Hansman 2013; Heckman 2012). Third, few studies explicitly take into 

account the behavioral responses of households facing weather shocks.  

In this paper, we aim at shedding light on these issues by considering the case of Mongolia, 

where weather shocks take the form of extremely harsh winters (called dzud in Mongolian). 

In rural and semi-rural Mongolia, herding is the most important economic activity. Extreme 

weather events causing mass deaths of livestock have particularly severe consequences for 

herding families. These households also face limited opportunities to insure against shocks.  

We use the first and second waves of an extraordinarily rich longitudinal household survey 

which we implemented in Mongolia between 2012 und 2014. Besides information on the 

household-level shock experience and individual’s educational outcomes, the dataset also 

records detailed retrospective information referring to the pre-shock period. This includes 

household wealth, individuals’ employment, and district of residence. These data allow us to 

exclude the possibility of endogenous migration, which cannot be addressed in most existing 

studies, as well as to understand which types of households are most vulnerable to the shock.  

We measure the intensity of the shock with three different variables, stemming from different 

sources and being collected at different levels of aggregation. Besides households’ self-

reported shock experience, we use district-level data from two different sources to measure 

the intensity of the shock. First, we employ livestock losses data collected yearly within the 

livestock census by the Mongolian National Statistical Office (NSO). Second, we use satellite 

data on snow precipitation and snow depth collected by the Institute for Environment and 

Sustainability (2014). 

                                                  

1 Currie (2009) and Almond and Currie (2011) review the empirical economic literature on the impact of early-life 

conditions on adult health.  
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In our analysis, we consider the two most recent and extreme winter shocks, which occurred 

in the period 1999-2002, and 2009/2010. While the shock of early 2000s was relatively more 

damaging due to its prolonged duration, the shock of 2010 was characterized by extreme 

intensity in a short period of time: 10 million animals, 23 per cent of the national stock died. 

Our econometric strategy mainly follows a difference-in-differences approach, which exploits 

exogenous variation in the intensity of the shock, across districts and individual cohorts.  

Given the timing of the events, we are able to analyze both short-term and long-term effects 

of weather shocks on education outcomes. In particular, for the short-term effects, we 

consider the impact of the 2009/2010 shock on school attendance on children of schooling age 

during the first wave of data collection (2012/2013). For the long-term analysis, we mainly 

focus on the shock of 1999-2002 to assess whether individual exposed to the shock are less 

likely to having completed mandatory education. In both cases, we assess which socio-

economic factors are associated with higher or lower effects on education. 

Our results show that children who were of schooling age during the shock of 2009/2010 and 

who lived in most severely affected districts are less likely to be enrolled three years later. 

Individuals from herding households with relatively poorer socio-economic backgrounds 

appear to be particularly affected, while the shock had milder effects on households where the 

head was a wage-employee in the private or public sector before the shock. We also find a 

negative impact of the 1999-2002 shock: in particular, individuals who were exposed to this 

shock are less likely to complete basic education. Also in this case, the shock hit particularly 

harder individuals from herding households. Our estimates also indicate that exposure in pre-

schooling age is what determines the long-term negative impact. 

The study proceeds as follows. Section 2 explains the relevance of weather shocks for 

Mongolia, outlining the possible channels through which they can impact education. Section 3 

describes the datasets. The estimation strategy is outlined in Section 4, which is followed by a 

description of the results in Section 5. Section 6 outlines robustness tests and next steps to be 

carried out.  

2. Herding, Weather Shocks and Education in Mongolia 

Livestock activities are an important source of income for Mongolians living outside the 

capital city of Ulaanbaatar. In 2011, about 29.6 percent of Mongolian households owned 

livestock and 21.7 percent were herders, for whom pastoral activities represent the main 
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source of living (NSO 2011, 2013). The total number of livestock was 45.1 million in 2013, 

with herders having an average herd size of 213 animals (NSO 2013). Herders typically hold 

a mix of camel, cattle, horses, sheep and goats. In addition to providing meat, milk and dairy 

products to herding households, animals are an income source, through the sale of meat, milk, 

wool, and skins. Most herders are nomadic or semi-nomadic, seasonally rotating between 

campsites to ensure optimal grazing conditions for their herd.  

Weather risk and shocks are an inherent part of the pastoral livelihood. In particular, the 

extreme continental climate of Mongolia makes herders vulnerable to dzuds.2 Dzuds are 

reported as one major cause of rural poverty and distress migration to urban centers (World 

Bank 2006, 2009). While dzuds have occurred in the past, we argue that these shocks are 

exogenous to households, mainly because they occur in different and not easily predictable 

areas each time. Moreover, their intensity is exceptional.  

Figure 1 provides an overview of the development of the livestock sector in Mongolia 

between 1960 and 2011. The figure shows that in recent years, two weather events of 

catastrophic scale occurred. First, three consecutive dzuds in the winters of 1999/00, 2000/01 

and 2001/02 caused the death of about 11.2 million livestock. This represents a percentage 

loss of 33.2 percent compared to the stock of animals in 1999. Second, the figure shows that 

the extent of livestock mortality caused by the 2009/10 dzud, a single winter season, was 

unprecedented. More than 10.3 million livestock perished in 2010, corresponding to about 

23.9 percent of the national herd. In contrast, the 2009/10 dzud caused massive livestock 

death within a relative short time period, as will be outlined in the following paragraph.  

The socioeconomic consequences of the shock were severe, given that the public social safety 

net had virtually collapsed with the beginning of the transition period. Thus, apart from 

emergency aid provided by the Government and international agencies on an ad hoc basis, 

herding households were largely left to their own devices to cope with dzud. A large number 

of herders lost most of their livestock and could no longer sustain a livelihood in the herding 

economy. Many of these impoverished herders moved to urban settlements and Ulaanbaatar 

                                                  

2 Herders distinguish between various types of dzud, depending on the underlying weather conditions (Murphy 2011, p. 32-

33). For example, a white dzud occurs in winters with excessive snowfall that prevents animals from grazing. In contrast, a 

black dzud is characterized by too little precipitation in winter, often preceded by a drought in the previous summer. An iron 

dzud happens when winter temperatures fluctuate significantly and cause the snow to melt and then ice over. A cold dzud 

occurs if temperatures are excessively low, thus increasing the calorie intake animals that require to maintain their body 

temperature. During combined dzud, several of the aforementioned weather conditions occur in a single winter. Lastly, a hoof 

dzud is the result of overgrazing or degradation of pastures due to trampling, which is caused by poor pasture management.  
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in search of employment. Between 1999 and 2002, the number of herding households 

dropped by 7.36 percent (NSO 2003). Considering the 2009/2010 dzud, it is estimated that 

some 9,900 herding households (about 5.8 percent of all herding households) lost their entire 

herd and, hence, their consumption, income and asset base (National Statistical Office of 

Mongolia 2010, p. 92). A further 33,000 households lost half of their herd (United Nations 

Mongolia Country Team 2010, p. 8), which pushed them below the herd size considered the 

minimum necessary for sustaining a pastoralist livelihood in the long term.  

A rapid assessment of the dzud situation conducted by the International Federation of Red 

Cross and Red Crescent Societies (IFRC) and the Mongolian Red Cross Society (MRCS) in 

January 2010 concluded that, “the food security of the most affected herder families is 

seriously threatened” (IFRC and MRCS 2010, p. 3). An in-depth case study of four 

communities conducted by Fernández-Gimenez et al. (2012) found that the intake of milk and 

meat products continued to be low in the summer of 2010, given that large numbers of cows 

had perished during the dzud. Also, herders purposefully reduced the amount of milk taken to 

encourage livestock recovery. The government of Mongolia through its National Emergency 

Management Agency (NEMA) and in cooperation with bilateral and multilateral donor 

agencies and NGOs provided emergency assistance to affected households.  

Dzud events can impact education through a variety of channels. For instance, they may 

reduce the quality of schooling infrastructures. Extremely cold temperatures can pose 

challenges to ensure appropriate heating and food supply in schools and dormitories, which 

most children from pastoralist households attend. Snow cover and cold temperatures, 

moreover, make transportation and commuting to school problematic. At the household-level, 

extreme winters may cause a reduction in assets and cash flows (from the sale of animal 

byproducts), which, in turn, may reduce the budget available for other costs, including 

schooling. Reduced asset base and income flows may also worse the nutritional status of 

affected households, thus decreasing children’s ability to concentrate in school and delaying 

their educational achievements. Finally, weakened animals imply higher demand for labor in 

herding to increase care given to surviving animals. Here one would expect to see gender 

effects, with boys being more often used in herding tasks than girls. All these mechanisms 

would imply a negative impact of weather shocks on education. However, following a shock, 

investments in schooling may also increase, as herding becomes a less viable option in the 

long term – especially for girls. This also represents an income diversification strategy from 

the perspective of parents, which can ensure enough support from children at old age.  
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3. Data 

3.1 Household Survey Data  

Our analysis builds on the Coping with Shocks in Mongolia Household Panel Survey, which 

is collected by the German Institute for Economic Research in collaboration with the National 

Statistical Office of Mongolia (NSO). The survey is implemented in the three aimags 

(provinces) of Uvs, Zavkhan, and Govi-Altai in western Mongolia (Fig. 2) and covers 49 out 

of 61 soums (districts) in these three provinces.3 The survey area represents all major 

ecological zones prevalent in Mongolia, including grass steppe, desert, mountainous regions, 

and forest areas. The sample comprises 1,768 households, of which about 1,100 are herders, 

and 7,200 individuals. The survey is a panel with three yearly waves, with data collection 

ongoing between 2012 and 2015. The cross-sectional analysis presented here draws on data of 

the first and second wave.  

The survey is based on a multi-stage design, which ensures that the sample is representative 

of the population in western Mongolia. The Population and Housing Census of 2010 is the 

sampling frame. In the first sampling step, the three provinces were subdivided into nine 

mutually exclusive strata of province centers (urban areas), district centers and rural areas (the 

latter two are considered as rural). In the second step, Primary Sampling Units (PSU) were 

randomly drawn from each stratum, resulting in a total number of 221 PSU. In a third 

sampling step, inside each PSU eight households were randomly selected. The implemented 

sampling strategy allows us to achieve statistically significant results (p<0.05) with a standard 

error of 2.29 for the entire survey and standard errors of 3.24 and 3.23 for urban and rural 

areas, respectively. Each interviewed household represents about 20 households in urban 

areas and 40 households in rural areas. All results presented in the following account for 

survey design effects, including the clustering of standard errors at the PSU level.  

The household survey was collected continuously throughout the year, with interviews for the 

first wave taking place between June 2012 and May 2013. On average, 145 households were 

interviewed every month. The data are also representative across seasons. To account for 

                                                  

3 An aimag (province) is the top level of Mongolia’s administrative structure. Each aimag is subdivided into several soums 

(districts). Soums are further subdivided in bags (sub-districts). As of 2014, there are 21 aimags, 329 soums, and 1,720 bags 

in Mongolia.  
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possible seasonal reporting effects related to the schooling year, we control for month of 

interview fixed effects in our estimations.  

The household questionnaire is especially designed to explore how households cope with 

weather shocks. It includes retrospective questions on the 2009/10 dzud, as well as questions 

about household assets, strategies in herding, formal and informal insurance, transfers 

received, social networks, and migration history in addition to the standard household-level 

and individual-level information typically captured in household surveys (such as household 

demographics, health, consumption expenditures, and income-earning activities). In addition, 

a community questionnaire was administered in each of the 49 sample districts. This 

questionnaire records population characteristics, infrastructure and service facilities, 

economic activities in the district, and the damage caused by the 2009/10 dzud.  

The survey module on migration history specifically records information on individuals’ 

district of residence just before the 2009/2010 dzud started. This information on the pre-shock 

location of residence allows us to avoid a common problem in empirical studies that use 

cross-sectional post-shock data: Often, the location of a person or household during the shock 

is unknown and researchers have to resort to using the location at the time of the survey. This 

procedure may introduce measurement errors in the estimates if migration behavior is 

endogenous to the shock.4  

Moreover, the questionnaire records important socio-economic information retrospectively, 

which is a unique feature of the data at hand. For instance, the employment history of the 

head of household and his/her spouse is available from 1989 onwards. This allows us to 

control for the sector of work of the head and his/her spouse at the beginning of the 1999-

2002 series of dzuds and before the 2009/2010 dzud unfolded. For herders, precise 

information is available on the time when the household started herding as well as the pre-

dzud herd size in 2009. Also, a subjective measure of wellbeing is available for 2009, with 

households reporting their socio-economic position just before the 2009/2010 dzud started 

relative to other households in their district at that time on a scale from 0-10.5 While it is 

                                                  

4 One of the few studies that has precise information on households’ pre-shock location is Akresh et al. (2012).  

5 Households were shown a pictogram of a ladder with 11 steps, representing the socio-economic situation of households in 

their district, with the poorest households in the district standing on the bottom (step 0) and the richest households in the 

district standing on the top step (step 10). Households were then asked to mark their position on the ladder at different points 

in time, including at the time of the survey interview, in 1999 (just before the dzud started), in 2010 (just after the dzud), and 

their expected position in the future.  



8 

exceptional to have such retrospective information available (which is one of the key 

advantages over most existing studies cited above), one potential limitation of these data is 

the self-reporting by households. A response bias could exist if there is a correlation between 

the shock and a potential tendency of households to over- or under-state their losses 

experienced during the 2009/2010 dzud or their pre-dzud level of wealth. While such 

reporting bias can only be fully eliminated by using household panel data collected in the pre- 

and post-shock period (which do not exist for Mongolia), consistency tests performed on the 

retrospective variables do not give cause for concern.6  

3.2 Measures of the 2009/2010 Dzud Intensity 

There is no consensus among researchers working on Mongolia regarding what data and 

variables can best measure dzud intensity. As described in Section 2, dzuds are complex 

phenomena caused by the interplay of several climatic conditions over time, including 

snowfall, precipitation in the previous summer, minimum values and volatility in 

temperatures.7 Therefore, to measure the intensity of the 2009/10 dzud across space, we 

employ three alternative proxies, which are obtained with data either on livestock losses, or 

on climatic conditions. These three measures are available at different levels of aggregation 

(i.e., district level and household level) and provide complementary insights into the channels 

through which the dzud affects households. The first measure builds on the extraordinarily 

rich historic livestock data available for Mongolia. Since the 1950s, the NSO implements an 

annual livestock census in mid-December, collecting information on the total stock and losses 

of adult animals. Yearly district-level data, for each of the five major domestic species in 

Mongolia, are available electronically, starting from 1970. Livestock losses represent a 

meaningful measure of dzud intensity, because they subsume various conditions of climate, 

terrain and vegetation during the shock.8 One potential shortcoming of the livestock census 

data is that mortality rates are not disaggregated by loss category. Instead, the census 

subsumes any losses caused by disease, accidents, animal depredation, and disaster (dzud, 

heavy rain, fire, and lightning) into a single number. Ideally, we would prefer to only consider 

                                                  

6 For instance, the self-reported subjective wellbeing in 2009 has a very similar distribution (roughly resembling a normal 

distribution) as subjective wellbeing in 2012/2013. 

7 Tachiiri et al. (2008) describe the difficulty of deriving a model of climatic conditions that represents the severity of the 

dzud. 

8 The index-based livestock insurance that was introduced in Mongolia in 2006 also defines the threshold for insurance 

payouts according to livestock losses and not based on weather data (Skees and Enkh-Amgalan 2002). 
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livestock losses caused by dzuds. Yet, both NSO reports and descriptive statistics suggest that 

it is dzud-related losses that explain most variation in livestock mortality over time.  

Based on the livestock census data, we derive a standardized measure of the intensity of the 

dzud in survey district k as follows:9 

𝑑𝑧𝑢𝑑 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑘,2010 =
(𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦𝑘,2010−𝑚𝑒𝑎𝑛 𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦𝑘,1970−2008)

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦𝑘,1970−2008
 (1) 

where we relate the livestock mortality occurring in 2010 to the long-term local patterns in 

livestock mortality between 1970 and 2008 in the same district. Negative values of the dzud 

intensity index indicate lower than average livestock mortality in 2010, while positive values 

indicate higher than average mortality rates. The index for the year 2010 varies between 1.7 

and 13.2 with a mean value of 4.2. In short, loss rates in 2010 are above the long-term average 

in every district surveyed. 

Figure 3 illustrates the yearly district-level dzud intensity index over 2007-2013 in western 

Mongolia. Each bar represents one of the 49 survey districts. In each yearly graph, we present 

results sorted by district ID (in other words, the intensity index for district no. 1 is displayed 

in the left corner and the index for district no. 49 is displayed in the right corner in every 

yearly graph). The graphs show that in each year, the dzud was particularly intense in a small 

number of districts. To account for this skewed distribution of the dzud intensity across 

districts in the multivariate analysis below, we further transform the continuous dzud intensity 

measure into an indicator variable. We define a binary variable severely affected district 

based on livestock that takes the value one if a district has a dzud intensity value in the year 

2010 above the 80th percentile of the distribution.10 In the following, we thus compare districts 

in which the 2009/10 dzud was catastrophic to districts in which it was moderate. For each 

individual included in the sample, we match the district-level dzud indicator to the district of 

residence in 2009 of the person’s household of origin.  

                                                  

9 Demont (2013) uses a similar equation for deriving a measure of rainfall shocks in India. 

10 We opt for binary shock measures because they are less prone to measurement error than continuous ones (in doing so, we 

follow Justino et al. (2014) and León (2012)). Livestock numbers are indeed likely to be measured with error. Recall that the 

yearly livestock census is collected in mid-December, at the peak of the winter. Data are likely to be the least precise for 

districts that were most inaccessible due to harsh winter conditions and that suffered from high dzud intensity. Weather 

conditions are also likely measured with error (the network of weather stations in Mongolia is too coarse to derive a district-

level shock measure. Hence, one has to resort to proxies for climate conditions that are derived from satellite images, which 

in itself are based on specific model assumptions and contain measurement errors). Therefore, also when using weather data 

to proxy the intensity of the dzud, we opt for indicator variables. 
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Our second district-level measure of dzud intensity is based on snowfall data. As described in 

Section 2, the 2009/2010 dzud was caused by a combination of unfavorable weather 

conditions occurring over a relatively long time span, with excessive snowfall being one of 

them. Snowfall captures one particular aspect of the 2009/2010 winter: The isolation and 

constraints in mobility among rural households due to the thick layer of snow on the ground. 

The snow data – MARS data derived from satellite images downscaled by MeteoConsult (Nl) 

on the basis of ECWMF model outputs – were obtained from the Institute for Environment 

and Sustainability (2014). We use daily imputations of snow depth in cm for 0.25 degree grid 

cells between October 1, 2009, and June 30, 2010. The grid-level data was then matched to 

the district of residence in 2009 of each sample individual’s household of origin. On average, 

there are 8.4 snow data points per district. For the one districts in which no data point was 

available, we assigned the average snow values of the neighboring districts. The continuous 

measure for snow depth ranges between 0.3 and 13.9 across survey districts. Again, to 

account for the skewedness of the distribution, we transform the snow measure into an 

indicator variable severely affected district based on snow taking the value one if the snow 

depth is above the median in at least one bag within the district.  

The third shock proxy measures exposure to the 2009/2010 dzud at the household level. This 

measure is derived from the household survey data, drawing on the survey module that asks 

retrospective questions on households’ experience of the 2009/2010 dzud. We define an 

indicator variable severely affected household that takes the value one if a household self-

reports the dzud to be very severe (values 0, 1, or 2 on a 0-10 scale).11 This household-level 

measure has two advantages over the district-level measures: On the one hand, it accounts for 

within-district variation in dzud intensity. Such variation within districts is likely to be 

considerable, given the fact that districts in western Mongolia have an average size of 

4,811 square kilometers. On the other hand, the household-level shock measure provides 

insights into the channels through which the shock affected herding households. Herding 

households that report being severely affected by the dzud are likely to have experienced high 

livestock mortality (and thus the loss of assets, income, and consumption) and have an 

increased demand for labor in herding tasks in order to care for weakened surviving animals. 

Such differential effects across households would average out when using the district-level 

shock measure. Yet, one potential shortcoming of the household-level shock measure is that 

                                                  

11 The survey question is “How severe was the dzud of 2009/2010 to your household? Please imagine a scale from 0 

(extremely severe) to 10 (not severe).” -  
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there may be a selection into shock exposure at play that could be correlated with education 

investment decisions. We discuss in Section 4.1 why we are confident to minimize this 

concern.  

3.3 Measures of the Intensity of the 1999-2002 Series of Dzuds 

To measure the intensity of the 1999-2002 series of dzuds, we again resort to district-level 

livestock census data. In a first step, we calculate a continuous dzud-intensity measure, 

analogous to the approach described in Section 3.2:  

𝑑𝑧𝑢𝑑 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑘,2000−2002 =
(𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦𝑘,2000−2002−𝑚𝑒𝑎𝑛 𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦𝑘,1970−1998)

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦𝑘,1970−1998
 (2) 

where the standardized measure represents the average dzud intensity index for the years 

2000, 2001, and 2002 compared to the long-term dzud risk in district k. In a second step, we 

transform the continuous index into an indicator variable (most affected district) taking the 

value one of a given survey district had a dzud intensity index in 2000-2002 above the 80th 

percentile of the index distribution.  

While the household survey data contains detailed information on the district of residence 

before the 2009/2010 shock, we lack such precise information for the 1999-2002 series of 

dzuds. However, we reconstruct this information using the year in which individual moved to 

the district of residence at the time of the survey. If this year was before 2000, we assume that 

the individual was living in the current district of residence during the 1999-2002 dzud. 

4. Estimation Strategy 

The empirical setting and the data at hand allow us to explore and contrast the impact of two 

different weather shocks: the dzud of 2009/2010 and three consecutive winters of 1999-2002. 

Given the timing of these shocks and of the survey data collection, different control groups 

exist for both shocks. Hence we apply two slightly different estimation strategies.  

4.1 Dzud of 2009/2010 

To explore the impact of the 2009/2010 shock, we estimate the determinants of schooling 

outcomes in a simple reduced-form estimation framework (similar to Shemyakina (2011) and 

Maccini and Yang (2009)): 
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𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑖𝑘𝑡 = 𝛽1shock2010 + 𝛽2𝑋𝑖 + location fixed effects𝑘 + location specific time trend𝑘𝑡 +

year of birth fixed effects𝑡 + month of interview fixed effects𝑡 + 𝜀𝑖𝑘𝑡  (3) 

for individual i, living in location k (which is either the district or province), born in year t. 

Two alternative measures for education outcome are used: First, we employ an indicator 

variable that takes the value one if the child is enrolled in mandatory schooling (primary or 

lower secondary school, up to grade 9) at the time of the survey collection. Second, we 

construct an indicator variable which takes the value one if the child is enrolled in the right 

grade for his or her age. In both cases, the sample consists of children of age 6 to 15 years at 

the time of the survey (who were born between 1997 and 2007). 

We employ three alternative measures for shock2010, which are available at different levels of 

aggregation (as described in Section 4.2): an indicator variable for living in a severely 

affected district in 2009 based on livestock mortality data; an indicator variable for living in a 

severely affected district in 2009 based on snow depth data; and a household-level indicator 

variable identifying severely affected households. Our main interest is in the estimated 

coefficient 𝛽1, which indicates whether exposure to the 2009/2010 dzud affects attendance.  

When using the district-level shock measures, our regressions include province fixed effects 

and a province-specific linear time trend; when using the household-level shock measure, we 

employ district fixed effects and a district-specific linear time trend. The location-specific 

fixed effects control for time-invariant differences across locations, pertaining, for instance, to 

the quality of schools, attitudes towards education, and labor market conditions. The location-

specific linear time trend captures potential divergence or convergence in educational 

outcomes over time across locations (which could have been a result of public investments 

and aid targeting regions that were severely affected by the dzud or by different dynamics in 

economic development across locations over time.) Year of birth fixed effects account for the 

fact that the sample consists of individuals of a relatively large age span, who might have 

been exposed to different education systems. Interview month fixed effects control for 

potential seasonal variation in school attendance. Lastly, 𝜀𝑖𝑘𝑡 is a random idiosyncratic error 

term clustered at the PSU level.  
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Vector Xi includes controls for the individual (gender, ethnicity), the mother (age, years of 

education12), the head of household (years of education, gender), the current socio-economic 

situation of the household (number of children in the age range 11-16 years, number of male 

household members in the age range 17-65 years, number of female household members in 

the age range 17-65 years, household assets (in quintiles),13 whether the household’s location 

is rural), and the pre-dzud socio-economic situation of the household in 2009 (whether the 

household owned livestock, herd size,15 and whether the head was a private or public 

employee in 2009 ). Table 1 provides summary statistics for these variables.  

The estimation strategy yields consistent and causal estimates of 𝛽1 under the assumption that 

no systematic relationship exists between the shock measures and pre-shock education levels. 

We test if this assumption holds for the district-level shock measures by conducting placebo 

tests in which we use a sample of individuals who already reached age 15 (when mandatory 

schooling is normally completed) before the 2009/2010 dzud. These individuals were born 

between 1975 and 1993.16 The same district-level shock measures are employed as outlined 

above. If the identification assumption holds, we would expect that the district-level shock 

measures have no statistically significant impact on the education outcomes of the placebo 

treatment cohort living in severely affected districts. In fact, this is what we find (Appendix 

Table A.1). Moreover, recall that all estimations using district-level shock measures include 

province fixed effects and province-specific time trends, which remove any time-varying and 

time- invariant differences in education across provinces.  

                                                  

12 For 38.6 percent of sampled individuals in the age range 6-40, information on the mother’s years of education and age are 

missing. To avoid losing these individuals altogether, we follow Shemyakina (2011) and replace the missing values with the 

average education and average age of mothers within strata. We include in the regression an indicator variable taking the 

value one if information on mother’s education and age are missing. However, when the sample is restricted to children in the 

age range 6-15, as in most of the analysis on school attendance, only 7 children (0.5 percent) have missing mother 

information. Therefore, in this case we simply drop the observations relative to these children. 

13 Using principal component analysis, an asset index is constructed from 30 durables that were bought one year or more 

before the survey interview. The durables considered include home appliances, furniture, electronic goods, and means of 

transportation. The continuous asset index is then transformed into dummy variables indicating quintiles. 

15 The number of livestock in 2009 was only collected from households that reported having been affected by the dzud. This 

information is missing for 42 households, corresponding to about 7 percent of the households in our regression sample. For 

these households, we estimated the number of livestock in 2009 as follows. Based on the information on the number of 

livestock owned at the time of the interview and on the changes in livestock in the 12 months before the interview, we 

obtained the number of livestock owned in 2011. Then, we computed the number of livestock in 2009 by assuming an annual 

growth rate in total livestock of 0.15 (this value is the average growth rate of livestock in year 2012 – a non-dzud year – 

obtained from the district-level livestock census).  

16 One limitation of this test is that the placebo cohort was of school age when the 1999-2002 series of dzuds occurred. 

However, recall that the correlation between the intensity of the series of dzuds in 1999-2002 and the dzud of 2009/2010 is 

rather small. Also, province fixed effects should capture any effects that stem from the province-level variation in the 

intensity of the 1999-2002 series of dzuds. We decided against using even older cohorts in this placebo test due to the fact 

that the educational system was rather different before the transition period.  
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When using the household-level shock measure, we can only interpret the estimated 

coefficients of the shock variable as a causal effect if household-level exposure to the 

2009/2010 dzud is random, once controlling for a set of observable household characteristics. 

Though the set of controls included in our regressions is very comprehensive, it is possible 

that there are unobservable household characteristics that are correlated with the shock 

measure, which cannot thus be considered random. This would bias our estimate on the shock 

variable. We assess the relevance of this problem in our case, following the procedures 

applied by Bellows and Miguel (2009) and Shemyakina (2011). First of all, we evaluate the 

correlation between household characteristics and the probability of being affected by the 

shock. If only few household-level factors correlate with this probability, we can consider our 

household-level measure of shock exposure as close to random. In particular, we regress the 

household-level shock measure (severely affected household) on district fixed effects and two 

sets of household-level characteristics. On the one hand, we use current characteristics of the 

head of household at the time of the survey collection that are very unlikely to be influenced 

by shock exposure (age, education, gender). On the other hand, we use self-reported 

retrospective information on the socio-economic situation of the household in 2009, before 

the 2009/2010 dzud unfolded (occupation of the head of household and. herd size). Results of 

the logit regression, that are displayed in Table 4, show that certain households are more 

likely than others to be severely affected. In particular, households having a bigger herd 

before the shock are more likely to be severely damaged. Differently, households where the 

head or the spouse had a private herd are less likely to be severely affected. All of these 

variables are included as covariates in the determinants of schooling outcome regressions 

discussed above. As a second test to assess the relevance of omitted variable problems in 

using a household-level shock measure, we repeat the estimates in the last column of table 2, 

progressively including additional sets of controls. If the magnitude of the estimated 

coefficient of interest remains stable across increasingly comprehensive specifications, it is 

likely that it would remain unchanged even if adding further controls. Thus, we can claim that 

any omitted variable bias is minimized. The results of this exercise, included in Table 5, show 

indeed a remarkable stability of the shock coefficient across specifications, suggesting that the 

potential bias due to unobserved household characteristics which may be correlated with the 

shock variable is very limited. To conclude, we cannot entirely rule out that selection into 

being shock-affected exists based on unobservable household characteristics, which would 

result in an omitted variable bias. Yet, the stability of our coefficient of interest across 

specifications, together with the nature of the weather shock – its unpredictability and 
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markedly local dynamics – make us confident that we can minimize the  bias. In what 

follows, however, we give priority to the district-level measure of shock, which captures more 

accurately the exogenous nature of the shock. 

Next, we explore whether the shock had heterogeneous effects across different types of 

households or individuals, by interacting our district-level shock measure with various socio-

economic controls. The latter include the child’s gender, mother’s education, characteristics 

of the head of household, pre-dzud wealth (herd size) and pre-dzud sector of work of the 

household head (Table 6). 

4.2 Series of dzuds of 1999-2002 

To analyze the effects of the series of dzuds between 1999 and 2002 on education outcomes, 

we exploit variation in the exposure to the series of shocks not only across space, but also 

across birth cohorts. We employ a difference-in-differences approach, which is common in 

the literature, and estimate the determinants of education outcomes as follows:  

𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑖𝑘𝑡 = 𝛽1𝑒𝑥𝑝𝑜𝑠𝑒𝑑 𝑐𝑜ℎ𝑜𝑟𝑡𝑖,1999−2002 + 𝛽2(𝑒𝑥𝑝𝑜𝑠𝑒𝑑 𝑐𝑜ℎ𝑜𝑟𝑡𝑖,1999−2002 ∗

𝑠ℎ𝑜𝑐𝑘𝑘,1999−2002) + 𝛽3𝑋𝑖 + district fixed effects𝑘 + district specific time trend𝑘𝑡 +

year of birth fixed effects𝑡 + 𝜀𝑖𝑘𝑡  (4) 

for individual i, living in district k, born in year t. The outcome variable of interest is either an 

indicator variable taking the value one if an individual completed basic schooling (up to grade 

nine, the mandatory education level in Mongolia) or a continuous variable measuring years of 

education. The sample consists of individuals of age 7 to 22 years in 1999 (who were born 

between 1977 and 1993).17 The exposed cohort comprises individuals born between 1985 and 

1993. These are individuals who were of school age (8-15 years) when the series of dzuds 

occurred. The control cohort consists of individuals who were at least 15 years of age in 1999 

so that, under normal circumstances, they had completed their mandatory education before the 

shock unfolded. Individuals of the control cohort were born between 1977 and 1985.  

The estimated coefficient of the interaction term between exposed cohort and shock, 𝛽2, is our 

main focus in this estimation. The shock1999-2002 measure is a district-level indicator variable 

taking the value one if the district was severely affected by livestock mortality between 2000 

                                                  

17 By definition, all individuals in this sample reached age 15 by 2007. Hence, we can exclude the possibility that these 

individuals were still in school when the 2009/2010 dzud occurred.  
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and 2002. It is important to note that the specification includes district-specific fixed effects 

and a district-specific linear time trend. These rule out potentially confounding effects due to 

district-specific aspects, such as availability of educational infrastructure, average schooling 

levels and investments into the educational sector over time. Again, we include year of birth 

fixed effects so that results are not driven by possible changes in education attainments across 

cohorts. 

Vector Xi contains controls for socio-economic characteristics of the individual and the 

household. These either reflect characteristics that are very likely to be persistent over time or 

they build on retrospective information relating back to 1999, before the series of shocks 

started. Given the fact that the shocks started some 13 years before the household survey was 

collected (in 2012/2013), we are constrained to using a smaller number of covariates 

compared to Eq. 3. Individual-level controls include dummy variables indicating gender 

ethnicity and whether the individual is child of the head (the omitted category includes head 

or spouse of the head). We further control for the mother’s years of education. As household-

level controls we employ a dummy variable indicating whether the household owned 

livestock in 1999. Moreover, we employ triple interaction terms to investigate the specific 

effect of the series of dzuds for boys and girls and for high and low levels of education of the 

mother. 

Next, we differentiate between groups of exposed children who experienced the series of 

dzuds at different ages: Children who were of pre-school age (4-6 years), of primary school 

age (7-11) and of lower secondary school age (12-15 years) between 1999 and 2002. This 

strategy links our research with recent empirical studies documenting that shocks experienced 

during childhood can have long-lasting negative impacts on human capital accumulation (see 

Almond and Currie 2011 for an overview of the literature).  

All estimations outlined in this section provide estimates of the causal effect of exposure to 

the 1999-2002 series of shocks under two assumptions. First, the pre-shock trends in 

education were the same across severely affected and less affected districts. We conduct 

another placebo test (similar to the one described in Section 4.1 above) in which we use a 

sample of individuals who were old enough to have completed their basic school degree 

before the occurrence of the series of dzuds. Results, available upon request, show that 

individuals of the placebo treatment cohort (those living in districts that were later severely 

affected by the 1999-2002 series of dzuds) do not have a significantly lower probability of 

completing basic education than individuals of the placebo control cohort (living in less 
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affected districts). This evidence thus supports that the identifying assumption is valid in the 

Mongolian context. The second assumption is that no unobserved characteristics exist that are 

both correlated with shock exposure and education outcomes. Again, district fixed effects and 

district-specific linear time trends help us account for constant and time-varying differences in 

education across district. The usage of a set of socio-economic controls for the household, 

including education of the mother and proxies for the pre-shock socio-economic status of the 

household, reduces concerns of potentially omitted variables.  

5. Results 

5.2 The Impact of the 2009/2010 Dzud 

Results from OLS estimations of the determinants of enrollment in mandatory schooling 

(Eq. 3) are displayed in Table 2. Our interest is in the estimated coefficient of the shock 

measure. Recall that all regressions control for a wide range of individual- and household-

level characteristics, year of birth fixed effects, location fixed effects, and location-specific 

time trends.  

Children whose household of origin resided in a district that experienced very high livestock 

mortality during the 2009/2010 dzud have a 3 percentage points lower probability of being 

enrolled in mandatory schooling at the time of the survey compared to children who resided 

in a less affected district during the dzud (column 1). This result is statistically significant at 

the 10 percent level. This effect becomes even stronger (the coefficient being -0.06) if we 

restrict the estimation to the sample of children from herding households (column 3). We 

obtain very similar results if we employ instead a shock measure based on district-level snow 

depth (column 2 and 4). However, the coefficient is only statistically significant for herding 

households. 

The effect of the dzud on enrollment remains negative if we use the household-level shock 

measure (column 5). However, this measure is only statistically significant if we restrict the 

sample to children aged 12-15 and thus consider enrollment in basic school (grade 6-9). This 
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result could possibly indicate an increased demand for labor in herding tasks during and 

following the dzud, in which children in their teens are required to assist.18  

Table 3 reports significant results also considering enrolment in the right grade as dependent 

variable. To conclude, we find that exposure to the 2009/2010 winter has a significantly 

negative impact on school enrollment even when controlling for a wide range of socio-

economic controls, cohort and location fixed effects, and time trends. Results are robust to 

alternative definitions of shock measures that are derived from different data sources and at 

different levels of aggregation. The magnitude of the effect – a reduction in the probability of 

enrollment by 3 to 12 percentage points – is considerable, given the fact that we measure 

school attendance two to three years after the shock. Thus, it seems that the interruption of 

schooling caused by the shock is not limited to the duration of the shock, but has at least 

medium-term consequences.  

Next, we report in Table 6 an analysis of the possible individual- and household-level factors, 

according to which the 2009/2010 shock might have had heterogeneous effects. Our results 

indicate that children of mothers with relatively higher level of education suffered relatively 

less from the 2009/2010 shock, on average and ceteris paribus. Similarly, children of 

individuals employed in the private or public sector before the shock suffered relatively less. 

We do not find that girls suffered more the effect of the shock.  

5.3 The Impact of the 1999-2002 Dzuds 

Results from OLS regressions of Eq. 4 on the impact of the 1999-2002 dzuds on the 

probability to complete basic school are presented in Table 7. Estimations are carried out 

separately for the full sample of individuals (column 1) and for individuals from herding 

households (columns 2-4).  

We find evidence for a very strong and negative effect of exposure to the 1999-2002 series of 

shocks on the probability to complete mandatory basic education. Individuals exposed to the 

triple dzuds during school age and living in a district severely affected by the shocks are 

33.3 percentage points less likely to complete basic education compared to their peers of the 

same age but who resided in a less affected district (column 1). The coefficient of the 

                                                  

18 We obtain similar results – exposure to the 2009/2010 dzud being negatively associated with school enrollment – when 

employing an alternative household-level measure of shock intensity: the percentage of livestock lost by a household during 

the dzud.  
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interaction term is statistically significant at the 5 percent level. In line with expectations, the 

effect appears to be driven by individuals from herding households (column 2). Our results 

also indicate that female were relatively less affected (column 3), while mother’s education 

does not seem to influence long-term effects of the weather shock on education (column 4).  

Next, we investigate whether the dzud had different impacts, depending on the age of 

exposure to the shock. As shown by Table 8, individuals exposed in pre-schooling age are 

less likely to complete basic education. This result holds for different age ranges, and both for 

herding and non-herding households.  

6. Robustness tests and next steps 

We find considerable short- and long-term effects of weather shocks on education. The effects 

are stronger for herding households, and for households from lower economic backgrounds. 

Mother’s education and head’s employment in the public or private sector appear as important 

factors mitigating the short-term impact of the shock. Moreover, pre-schooling age appears as 

the most critical period for determining the long-term effects of exposure to weather shocks. 

Given selective mortality, our analysis provides a lower-bound estimate of the total damage 

caused by the dzud. 

We are performing the following robustness tests: using alternative thresholds to define most 

affected districts and alternative age ranges to define exposed cohorts; adding data from the 

second wave of the survey to expand sample size.  

Finally, we are assessing the association between the use of coping strategies by households 

and educational outcomes. This analysis will also consider households’ receipt of emergency 

aid, using both household-level and district-level measures of aid. 
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Figures and Tables 

Fig. 1: Livestock development in Mongolia, 1960-2011 

 

Source: Mongolia Livestock Census.  
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Fig. 2: Map of Mongolia, showing the location of the survey area 
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Fig. 3: Distribution of dzud intensity between 2007 and 2012 across survey districts 

 

Note: Dzud intensity index calculated based on Eq. 1. Each bar represents one sample district. In each yearly 

graph, districts are sorted by district ID. Source: Mongolia Livestock Census. 
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Table 1: Summary statistics for impact of 2009/2010 dzud 

  Mean Std. Dev. Min Max Number of 

individuals 

Dependent variables 

     Attending school 0.94 0.23 0 1 1233 

Attending the right grade 0.73 0.45 0 1 1233 

      Dzud measures 

     Most affected district 0.23 0.42 0 1 1233 

      (district-level livestock 

losses above 80th percentile) 

     Most affected district  0.62 0.48 0 1 1233 

     (district-level snow depth 

above the median) 

     

      Individual-level controls 

     Female 0.45 0.50 0 1 1233 

Khalkh ethnicity 0.66 0.47 0 1 1233 

Durvud ethnicity 0.19 0.39 0 1 1233 

Other ethnicity 0.15 0.35 0 1 1233 

      Mother controls 

     Age 37.94 6.55 22 64 1233 

Years of education 9.28 3.41 0 17 1233 

      Head of household controls 

     Female 0.06 0.24 0 1 1233 

Years of education 8.81 2.95 0 17 1233 

Employee in 2009 0.21 0.41 0 1 1233 

      Household controls 

     Number of children 11-16 

years 1.16 0.91 0 4 1233 

Number of males 17-65 1.22 0.60 0 4 1233 

Number of females 17-65 1.28 0.61 1 5 1233 

Asset index
a
 -0.65 2.08 -3.48 6.24 1233 

Rural 0.08 0.27 0 1 1233 

Owned livestock in 2009 0.79 0.41 0 1 1233 

Number of livestock in 2009 308.59 238.92 1.51 1800 889 

            

Notes: a. The asset index is computed using a principal component analysis of 30 dummy variables indicating 

ownership of assets bought more than 12 months before the interview. Sources: Coping with Shocks in 

Mongolia Household Panel Survey, Mongolia Livestock Census, MARS Snowfall data.  
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Table 2: Impact of the 2009/2010 dzud on enrollment in mandatory schooling 

Dependent variable:  

1= Child is attending school 

Full sample Herding households 

Age 6-15 Age 6-15 Age 12-15 

  (1) (2) (3) (4) (5) (6) 

   

  

  

  

Dzud measures 

  

  

  

  

Most affected district -0.036* 

 

-0.062*** 

  

  

 

[-1.911] 

 

[-2.679] 

  

  

Snow depth above median 

 

-0.035   -0.052** 

 

  

  

[-1.601]   [-2.080] 

 

  

Household severely affected 

  

  

 

-0.013 -0.121* 

   

  

 

[0.652] [0.094] 

   

  

  

  

Observations 1233 1233 889 889 889 369 

R-squared 0.146 0.145 0.158 0.154 0.332 0.495 

Age FE YES YES YES YES YES YES 

Interview month FE YES YES YES YES YES YES 

Province FE YES YES YES YES NO NO 

Province-specific trend YES YES YES YES NO NO 

District FE NO NO NO NO YES YES 

District-specific trend NO NO NO NO YES YES 

Notes: Regressions are weighted to account for sampling design. t-statistics in brackets. * significant at 10%; ** 

significant at 5%; *** significant at 1%. Most affected districts are defined as districts with a dzud intensity 

index above the 80th percentile. Sources: Coping with Shocks in Mongolia Household Panel Survey and 

Mongolia Livestock Census. 
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Table 3: Impact of the 2009/2010 dzud on enrollment in right grade 

Dependent variable:  

1= Child is attending the 

right grade 

Full sample Herding households 

Age 6-15 Age 6-15 Age 12-15 

  (1) (2) (3) (4) (5) (6) 

   

      

 Dzud measures 

  

  

 

  

 Most affected district -0.068** 

 

-0.107*** 

 

  

 

 

[-1.990] 

 

[-2.751] 

 

  

 Snow depth above median 

 

0.014   0.002   

 

  

[0.315]   [0.039]   

 Household severely 

affected 

  

  

 

-0.044 -0.167** 

   

  

 

[0.292] [0.026] 

   

  

 

  

 Observations 1233 1233 889 889 889 369 

R-squared 0.294 0.292 0.309 0.303 0.419 0.541 

Age FE YES YES YES YES YES YES 

Interview month FE YES YES YES YES YES YES 

Province FE YES YES YES YES NO NO 

Province-specific trend YES YES YES YES NO NO 

District FE NO NO NO NO YES YES 

District-specific trend NO NO NO NO YES YES 

Notes: Regressions are weighted to account for sampling design. t-statistics in brackets. * significant at 10%; ** 

significant at 5%; *** significant at 1%. Most affected districts are defined as districts with a dzud intensity 

index above the 80th percentile. Sources: Coping with Shocks in Mongolia Household Panel Survey and 

Mongolia Livestock Census. 
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Table 4: Probability of households being severely affected by the dzud 

Dependent variable:  

1 = Household was severely affected 
Herding households 

(1) (2) (3) (4) 

          

Head of household controls 

    Age -0.000 -0.000 -0.000 -0.000 

 

[0.980] [0.902] [0.981] [0.938] 

Years of education -0.012 -0.015* -0.012 -0.014* 

 

[0.105] [0.059] [0.119] [0.081] 

Pre-dzud wealth 

    Livestock in 2009, 2nd tercile 0.117** 0.123** 0.117** 0.125** 

 

[0.026] [0.022] [0.030] [0.023] 

Livestock in 2009, 3rd tercile 0.177*** 0.188*** 0.177*** 0.189*** 

 

[0.001] [0.001] [0.001] [0.001] 

Pre-dzud employment 

    Head private/public employee in 2009 

 

0.099* 

  

  

[0.060] 

  Head's spouse private/public employee in 

2009 

  

-0.001 

 

   

[0.983] 

 Head or spouse private/public employee in 

2009 

   

0.049 

    

[0.289] 

     

Observations 859 859 859 859 

R-squared 0.222 0.225 0.222 0.223 

Interview month FE YES YES YES YES 

Soum FE YES YES YES YES 

Notes: Regressions are weighted to account for sampling design. t-statistics in brackets. * significant at 10%; ** 

significant at 5%; *** significant at 1%. Most affected districts are defined as districts with a dzud intensity 

index above the 80th percentile. Sources: Coping with Shocks in Mongolia Household Panel Survey and 

Mongolia Livestock Census. 
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Table 5. Impact of the 2009/2010 dzud on schooling with sep-wise inclusion of controls  

Dependent variable:  

1= Child is attending school 

Herding households, age 12-15 

(1) (2) (3) (4) (5) (6) 

       Dzud measure 

      Household was severely affected -0.133* -0.130* -0.120* -0.139* -0.131* -0.121* 

 

[0.081] [0.088] [0.088] [0.061] [0.069] [0.094] 

Individual controls 

      Female 

 

0.087*** 0.079*** 0.087*** 0.077** 0.076*** 

  

[0.001] [0.003] [0.001] [0.013] [0.009] 

Durvud ethnicity 

 

-0.112 -0.132 -0.177** -0.227* -0.207* 

  

[0.120] [0.101] [0.031] [0.055] [0.065] 

Other ethnicity 

 

-0.360*** -0.385*** -0.448*** -0.470*** -0.456*** 

  

[0.009] [0.008] [0.002] [0.005] [0.004] 

Mother's controls 

      Age 

  

0.003 0.004 0.001 0.002 

   

[0.392] [0.280] [0.753] [0.618] 

Years of education 

  

0.009* 0.003 -0.000 -0.001 

   

[0.058] [0.699] [0.963] [0.811] 

Head of household controls 

     Female 

   

-0.131* -0.106 -0.082 

    

[0.054] [0.181] [0.250] 

Years of education 

   

0.009 0.009 0.012 

    

[0.350] [0.317] [0.145] 

Household controls 

      Number of children 11-16 

    

0.024 0.022 

     

[0.491] [0.543] 

Number of males 17-65 

    

0.024 0.022 

     

[0.429] [0.475] 

Number of females 17-65 

    

0.039 0.040 

     

[0.120] [0.106] 

Asset index, 2nd quintile 

    

0.032 0.044 

     

[0.334] [0.206] 

Asset index, 3rd quintile 

    

0.031 0.049 

     

[0.459] [0.249] 

Asset index, 4th quintile 

    

-0.031 0.001 

     

[0.646] [0.983] 

Asset index, 5th quintile 

    

0.131** 0.156** 

     

[0.040] [0.012] 

Rural 

    

-0.033 -0.061 

     

[0.825] [0.680] 

 

  



31 

Table 5. Impact of the 2009/2010 dzud on schooling with sep-wise inclusion of controls 

(Continiued) 

Dependent variable:  

1= Child is attending school 

Herding households, age 12-15 

(1) (2) (3) (4) (5) (6) 

       Livestock in 2009, 2nd tercile 

     

0.067* 

      

[0.067] 

Livestock in 2009, 3rd tercile 

     

-0.022 

      

[0.608] 

Head private/public employee in 

2009 

     

-0.060 

      

[0.106] 

       Observations 369 369 369 369 369 369 

R-squared 0.405 0.441 0.449 0.464 0.481 0.495 

Age FE YES YES YES YES YES YES 

Interview month FE YES YES YES YES YES YES 

Province FE NO NO NO NO NO NO 

Province-specific trend NO NO NO NO NO NO 

District FE YES YES YES YES YES YES 

District-specific trend YES YES YES YES YES YES 

Notes: Regressions are weighted to account for sampling design. t-statistics in brackets. * significant at 10%; ** 

significant at 5%; *** significant at 1%. Sources: Coping with Shocks in Mongolia Household Panel Survey and 

Mongolia Livestock Census.  
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Table 6: Impact of the 2009/2010 dzud on enrollment in mandatory schooling plus 

channels 

Dependent variable:  

1= Child is attending school 

Herding households, age 6-15 

(1) (2) (3) (4) (5) (6) 

       Dzud measure 

      Most affected district -0.046 -0.038 -0.162* -0.209** -0.117** -0.073*** 

 

[-1.181] [-1.603] [-1.706] [-2.419] [-2.394] [-2.951] 

Gender 

      (Most affected district)*(Female) -0.032 

     

 

[-0.552] 

     Female 0.073*** 0.069*** 0.068*** 0.067*** 0.067*** 0.067*** 

 

[3.087] [3.203] [3.135] [3.042] [3.058] [3.103] 

(Most affected district)*(Female head) 

 

-0.356*** 

    

  

[-2.965] 

    Female head -0.102 0.006 -0.102 -0.102 -0.102 -0.108 

 

[-1.544] [0.121] [-1.611] [-1.623] [-1.584] [-1.649] 

Education 

      (Most affected district)*(Head's years of 

education) 

  

0.012 

   

   

[1.135] 

   Head's years of education 0.009 0.009 0.006 0.008 0.009 0.008 

 

[1.523] [1.649] [1.026] [1.497] [1.572] [1.469] 

(Most affected district)*(Mother's years 

of education) 

   

0.016* 

  

    

[1.948] 

  Mother's years of education -0.002 -0.002 -0.003 -0.005 -0.003 -0.002 

 

[-0.438] [-0.387] [-0.530] [-1.092] [-0.596] [-0.454] 

Pre-dzud wealth 

      (Most affected district)*(Livestock in 

2009, 2nd tercile) 

    

0.046 

 

     

[0.678] 

 (Most affected district)*(Livestock in 

2009, 2nd tercile) 

    

0.094 

 

     

[1.367] 

 Livestock in 2009, 2nd tercile 0.011 0.009 0.012 0.009 -0.001 0.014 

 

[0.526] [0.430] [0.564] [0.420] [-0.033] [0.673] 

Livestock in 2009, 3rd tercile -0.003 -0.004 -0.003 -0.009 -0.026 -0.001 

 

[-0.108] [-0.185] [-0.132] [-0.387] [-0.977] [-0.022] 
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Table 6: Impact of the 2009/2010 dzud on enrollment in mandatory schooling plus 

channels (Continued) 

Dependent variable:  

1= Child is attending school 

Herding households, age 6-15 

(1) (2) (3) (4) (5) (6) 

       Pre-dzud head's employment 

     (Most affected district)*(Head 

private/public employee in 2009) 

     

0.108*** 

      

[2.838] 

Head private/public employee in 2009 0.007 0.013 0.005 0.005 0.012 -0.013 

 

[0.411] [0.685] [0.261] [0.288] [0.613] [-0.669] 

       Observations 889 889 889 889 889 889 

R-squared 0.159 0.175 0.161 0.165 0.161 0.161 

Age FE YES YES YES YES YES YES 

Interview month FE YES YES YES YES YES YES 

Province FE YES YES YES YES YES YES 

Province-specific trend YES YES YES YES YES YES 

District FE NO NO NO NO NO NO 

District-specific trend NO NO NO NO NO NO 

Notes: Regressions are weighted to account for sampling design. t-statistics in brackets. * significant at 10%; ** 

significant at 5%; *** significant at 1%. Most affected districts are defined as districts with a dzud intensity 

index above the 80th percentile. Sources: Coping with Shocks in Mongolia Household Panel Survey and 

Mongolia Livestock Census.  
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Table 7: Impact of the 1999-2002 series of dzuds on completion of basic education 

Dependent variable: 

1 = Completed mandatory education 

Age 20-36 

Full sample Herding households 

(1) (2) (3) (4) 

  

  

  Dzud measure 

 

  

  (Exposed in school age) * (Most affected 

district) -0.333** -0.393** -0.516** -0.503** 

 

[0.028] [0.040] [0.017] [0.039] 

Exposed in school age 0.023 0.011 0.052 0.005 

 

[0.831] [0.938] [0.730] [0.977] 

Child controls 

 

  

  (Exposed in school age) *  

(Most affected district) * (Female) 

 

  0.384** 

 

  

  [0.028] 

 (Most affected district) * (Female) 

 

  -0.326** 

 

  

  [0.016] 

 (Exposed in school age) * (Female) 

 

  -0.098 

 

  

  [0.164] 

 Female 0.148*** 0.171*** 0.243*** 0.171*** 

 

[0.000] [0.000] [0.000] [0.000] 

Child of the head 0.063** 0.115** 0.112** 0.113** 

 

[0.039] [0.021] [0.029] [0.026] 

Mother controls 

 

  

  (Exposed in school age) * (Most affected 

district) * (Mother's education) 

 

  

 

0.029 

  

  

 

[0.310] 

(Most affected district) * (Mother's 

education) 

 

  

 

-0.037* 

  

  

 

[0.082] 

(Exposed in school age) * (Mother's education)   

 

0.001 

  

  

 

[0.936] 

Mother’s education 0.012*** 0.010 0.010 0.012 

 

[0.006] [0.137] [0.139] [0.259] 

Household controls 

 

  

  Herding households in 1999 -0.135***   

  

 

[0.000]   

  

  

  

  Observations 1319 765 765 765 

R-squared 0.397 0.399 0.407 0.401 

Age FE YES YES YES YES 

District FE YES YES YES YES 

District-specific trend YES YES YES YES 

Notes: Regressions are weighted to account for sampling design. t-statistics in brackets. * significant at 10%; ** 

significant at 5%; *** significant at 1%. Most affected districts are defined as districts with a dzud intensity 

index above the 80th percentile. Dummy variables indicating ethnicity and missing mother information are also 

included (not statistically significant). Sources: Coping with Shocks in Mongolia Household Panel Survey and 

Mongolia Livestock Census. 
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Table 8: Impact of the 1999-2002 series of dzuds on completion of basic education, by 

age of exposure 

Dependent variable:  

1 = Completed mandatory education 

Age 16-40 Age 16-28 

Full sample Herding 

households in 

1999 and 

2009 

Full 

sample 

Herding 

households in 

1999 and 2009 

(1) (2) (3) (4) 

   

  

 Dzud measure 

  

  

 (Exposed in pre-school age) * (Most affected 

district) -0.082* -0.122* -0.086* -0.187** 

 

[0.092] [0.094] [0.094] [0.013] 

(Exposed in primary school age) * (Most affected 

district) -0.072 -0.103 -0.073 -0.163** 

 

[0.110] [0.200] [0.107] [0.033] 

(Exposed in secondary school age) * (Most 

affected district) -0.010 -0.035 0.004 -0.013 

 

[0.767] [0.576] [0.902] [0.847] 

Child controls 

  

  

 Female 0.121*** 0.133*** 0.090*** 0.115*** 

 

[0.000] [0.000] [0.000] [0.001] 

Durvud ethnicity 0.016 -0.090 -0.019 0.006 

 

[0.799] [0.387] [0.621] [0.928] 

Other ethnicity 0.037 -0.092 -0.012 -0.032 

 

[0.556] [0.422] [0.786] [0.702] 

Child of the head 0.034 0.093 0.040* 0.124* 

 

[0.104] [0.122] [0.054] [0.077] 

Mother controls 

  

  

 Mother's education 0.019*** 0.012** 0.019*** 0.014** 

 

[0.000] [0.026] [0.000] [0.024] 

Missing information on mother 0.044 0.057 0.106** 0.040 

 

[0.188] [0.552] [0.022] [0.687] 
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Table 8: Impact of the 1999-2002 series of dzuds on completion of basic education, by 

age of exposure (Continued) 

Dependent variable:  

1 = Completed mandatory education 

Age 16-40 Age 16-28 

Full sample Herding 

households in 

1999 and 

2009 

Full 

sample 

Herding 

households in 

1999 and 2009 

(1) (2) (3) (4) 

   

  

 Household controls 

  

  

 Herding household in 1999 and 2009 -0.054 

 

-0.058 

 

 

[0.141] 

 

[0.165] 

 Herding household in 2009 -0.042 

 

-0.012 

 

 

[0.404] 

 

[0.824] 

 (Herding household in 2009) * (Livestock in 

2009, 2nd tercile) -0.001 0.019 -0.019 -0.002 

 

[0.972] [0.704] [0.704] [0.965] 

(Herding household in 2009) * (Livestock in 

2009, 3rd tercile) 0.023 0.026 0.097** 0.037 

 

[0.599] [0.591] [0.024] [0.380] 

   

  

 Observations 2364 1076 1427 586 

R-squared 0.333 0.379 0.363 0.459 

Age FE YES YES YES YES 

District FE YES YES YES YES 

District-specific trend YES YES YES YES 

Notes: Regressions are weighted to account for sampling design. t-statistics in brackets. * significant at 10%; ** 

significant at 5%; *** significant at 1%. Most affected districts are defined as districts with a dzud intensity 

index above the median. Sources: Coping with Shocks in Mongolia Household Panel Survey and Mongolia 

Livestock Census.  
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Appendix 

Table A.1  

Dependent variable:  

1= Child is attending 

school 

Age 20-40 

Full sample Herding households 

(1) (2) (3) (4) (5) 

   

  

  Dzud measures 

  

  

  Most affected district 0.008 

 

-0.025 

  

 

[0.513] 

 

[-1.212] 

  Snow depth above median 0.064***   0.035 

 

  

[2.952]   [1.371] 

 Household severely affected 

 

  

 

-0.017 

   

  

 

[0.293] 

   

  

  Observations 2224 2224 1397 1397 1397 

R-squared 0.376 0.378 0.374 0.374 0.452 

Age FE YES YES YES YES YES 

Interview month FE YES YES YES YES YES 

Province FE YES YES YES YES NO 

Province-specific trend YES YES YES YES NO 

District FE NO NO NO NO YES 

District-specific trend NO NO NO NO YES 

Notes: Regressions are weighted to account for sampling design. t-statistics in brackets. * significant at 10%; ** 

significant at 5%; *** significant at 1%. Most affected districts are defined as districts with a dzud intensity 

index above the 80th percentile. Sources: Coping with Shocks in Mongolia Household Panel Survey and 

Mongolia Livestock Census. 


