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Abstract: This paper explores the impact of exposure to uninsured risks on the investment 
decisions of farmers. We distinguish between households’ perceived exposure to uninsured risk, 
measured as past exposure to deviations in average rainfall levels, and the actual realization of 
shocks. We examine how households cope with the latter in terms of consumption smoothing and 
the depletion of assets. We also consider the interaction between past weather-risk exposure and 
the actual realization of weather shocks to ascertain the extent to which the investment strategies 
of risk-exposed households ‘pay off’ by buffering them in the face of actual shocks. We use panel 
data on rice farmers in Vietnam for the 2008–16 period and match this to annual rainfall data. 
Our results show that households that are exposed to risk invest more in unproductive assets to 
avoid the downside risk associated with exposure to flooding. This translates into lower income 
levels. The investment in these assets does not appear to pay off once actual risks are realized. 
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1 Introduction 

Exposure to risk remains a significant cause of poverty in less developed countries, where farming 
households face a high probability of income loss due to weather-related shocks. The ability of 
households to adapt to the prevalence of income risks and cope in the aftermath of the realization 
of such risks is an important determinant of welfare. In many rural settings risk-mitigation 
strategies are particularly difficult since credit and insurance markets are often not well developed.1 
This is especially the case for farming households who face considerable downside risk associated 
with agricultural investments due to the potential for weather shocks to negatively affect output. 
This leads farmers to divert investment away from productive agricultural assets towards 
precautionary savings, either cash or through the accumulation of other liquid assets.2 Thus, 
uninsured production risk can have real consequences for agricultural productivity and income 
levels. 

In this paper, we explore the impact of exposure to uninsured risks, measured as past exposure to 
deviations in average rainfall levels, on the investment decisions of farmers. Unlike other studies, 
we distinguish between households’ perceived exposure to uninsured risk and the actual realization 
of shocks. We examine how households cope with the latter in terms of consumption smoothing 
and the depletion of assets. Our key point of departure is that we consider the interaction between 
past weather-risk exposure and the actual realization of weather shocks to ascertain the extent to 
which the investment strategies of risk-exposed households ‘pay off’ by buffering them in the face 
of actual shocks. 

The context for our study is Viet Nam where weather-related risks are large and agriculture, in 
particular rice production, continues to play an important role in the economy for food security, 
rural employment, and exports. While rice cultivation requires a lot of water, the crop is very 
vulnerable to excessive flooding, and so weather variability poses a threat to the success of the 
crop. Viet Nam is ranked as one of South East Asia’s most hazardous areas in relation to natural 
disasters such as cyclones, flooding, and droughts and is particularly vulnerable to climate change, 
with rainfall expected to increase by 8 per cent in the winter season by 2050 (World Bank 2011). 
Weather-related risk remains formally uninsurable in Viet Nam. In this setting, past exposure to 
deviations in rainfall will make uninsurable risks more salient for rice-producing farmers and so 
Viet Nam provides the ideal case for exploring the impact of uninsurable risks on asset 
accumulation, incomes, and food consumption. 

We use the Viet Nam Access to Resources Household Survey (VARHS), a rich panel dataset from 
Viet Nam for the period 2008 to 2016 which was collected every two years, specifically to 
understand access to resources of rural households and their decision-making processes around 
the accumulation of these assets and the generation of income. The data cover 2,700 households 
over the eight-year period, and we select the sub-sample of rice-producing farmers (66 per cent) 
for our analysis. Our data include details on assets, agricultural production, incomes, food 
expenditure, and other household characteristics, in addition to self-reported exposure to weather-
related shocks. We supplement these data with data on rainfall measured at the commune level. 
                                                 

1 Cole et al. (2013) find, using a series of field experiments in India, that rainfall insurance is highly price sensitive. 
They also find that demand is constrained by a lack of trust and liquidity constraints. As a result, it is often not feasible 
for insurance providers to enter into these markets. 
2 See, Alderman and Paxson (1992), Deaton (1991; 1992), Morduch (1995; 2004), Rosenzweig and Binswanger (1993), 
Udry (1994), and Zeldes (1989). 
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We measure households’ exposure to risk as past deviations (three-year lag) of rainfall from the 
long-term (six-year) average. We use a household fixed effects approach so that our identification 
comes from the within-household variation in past exposure to risk and the actual realization of 
shocks as reported by households in the data. Including household fixed effects controls for all 
time-invariant household-specific factors that could impact on both risk perceptions (such as risk 
aversion) and the outcomes of interest (asset accumulation, income, and food expenditure). The 
incidence of weather-related shocks is considered exogenous.  

We approach our analysis in three steps. First, we estimate the impact of shocks on household 
income and food consumption and explore the ways households cope when exposed to shocks. 
Second, we examine the way in which long-term risk exposure impacts on the investment decisions 
of households and how that impacts on income and food consumption. In other words, 
controlling for other factors, including actual realizations of shocks, do farmers that have been 
exposed to greater weather variability in the past invest less in productive assets and more in non-
productive assets, and is there evidence that this reduces income and consumption levels? This 
allows us to separate out the short-term impact of shocks from the long-term impact of risk. 
Finally, we explore whether households with greater long-term risk exposure cope better in the 
event of the realization of a weather shock.  

Understanding the link between uninsured risk and sub-optimal production decisions has been 
given much attention in the recent literature. Karlan et al. (2014) find that the provision of 
insurance to farmers in Northern Ghana leads to significantly larger agricultural investments and 
riskier production choices. Similarly, Cole et al. (2017) find that insurance provision leads farmers 
to shift their production towards higher-return but higher-risk cash crops in India. Elabed and 
Carter (2014) find similar results for cotton farming in Mali. Gloede (2015) uses survey data from 
Viet Nam and finds that shocks increase risk aversion and leave households more vulnerable to 
poverty. Jensen et al. (2017) find that households in Kenya covered by an index-based insurance 
product make more productivity investments, sell less livestock in times of financial distress, and 
experience increased income levels. Another form of insurance against weather risk that has been 
considered in the literature relates to the introduction of new technologies that eliminate the 
downside risk. Emerick et al. (2016) show that the adoption of a new technology that eliminates 
the downside risk associated with flooding changes the input choices of rice farmers with the effect 
of increasing productivity. 

We contribute to this literature in a number of ways. First, we consider both long-term (risk-
management) and short-term (risk-coping) strategies of households that are exposed to weather 
risk. Alderman and Paxson (1992) distinguish between risk-management strategies which involve 
adjusting the (perceived) riskiness of the income-generating process and risk-coping strategies 
which refer to the adjustments that households make to cope with income shocks. The previous 
literature cited above has focused on one or the other and has, generally, not considered them 
both simultaneously. In this paper, we explore both dimensions. Second, we explore the 
interaction between weather-risk exposure and the actual realization of weather shocks to ascertain 
whether the strategy of diverting assets away from productive agricultural assets to avoid the 
downside risk actually protects these households when that risk is eventually realized. To our 
knowledge, this is the first paper to explore this important interaction. Third, we provide new 
evidence of the impact of weather variability on the welfare of farmers in a setting that is 
particularly exposed and vulnerable to climate change.  

Our results show that households cope with the realization of weather-related shocks by depleting 
their savings and borrowing. While they manage to smooth consumption, the incidence of a shock 
has a negative effect on their income levels. We find that households that are exposed to risk invest 
a greater proportion in unproductive assets and less in productive agricultural assets. This is 
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consistent with a story where more risk-exposed households divert investment away from 
agriculture to avoid the downside risk associated with exposure to flooding. We also find, however, 
that the most risk-exposed households rely more on income from crops, and so it is not surprising 
that they have significantly lower overall household income levels. This diversion of resources 
does not appear to pay off in that the investment in these ‘buffer’ assets does not shield households 
from income losses once actual risks are eventually realized. Farmers are, in fact, hit in a more or 
less similar way to other households that did not engage in unproductive risk-mitigation strategies. 

The rest of our paper is organized as follows. Section 2 describes our data, while Section 3 presents 
the empirical approach. Section 4 presents the results and Section 5 concludes. 

2 Data 

Our data come from VARHS for the period 2008–16. The data cover a representative sample of 
rural households in 12 provinces in North, South, and Central Viet Nam. These provinces cover 
a large proportion of the rice-growing area of Viet Nam, with a substantial number of households 
sampled in the poor upland provinces in the North West and Central Highlands. The data are 
collected every two years with the full panel comprising over 2,700 households. There are very low 
rates of attrition between rounds, and additional households were added to the panel to ensure 
that it continued to be representative. The data are collected using face-to-face interviews by a 
team of enumerators overseen by our collaborating partner, the Institute of Labor Science and 
Social Affairs (ILSSA). VARHS collects a broad range of detailed information about economic 
and social aspects of the lives of households in these rural provinces, including data on agricultural 
production, livelihoods, and financial aspects. The definition of each of the variables used in our 
analysis and summary statistics for each year are presented in Tables A1 to A4 of the Appendix. 

We use the sub-sample of rice-producing farmers in VARHS, which account for approximately 65 
per cent of the total sample. Details on the overall sample size and the size of the sub-sample in 
each round of the data are presented in Table 1. A key variable of interest for our analysis is the 
realization of weather-related income shocks. In the survey, households are asked whether in the 
previous two years they suffered from an unexpected loss due to floods, droughts, typhoons and 
other natural disasters, pest infestations, and crop diseases. The proportion of households in our 
sample exposed to such shocks in each year is also presented in Table 1. In 2008 over half of the 
households experienced such a shock. This declined consistently over the sample period with only 
27 per cent of the sample reporting that they experienced such shocks in 2016. This decline may 
be due to a number of factors. It could be due to the fact that the households that experienced 
shocks in earlier rounds left rice farming, although this is unlikely to be the case given that only 27 
per cent of households that switch out of rice production experienced a shock in the previous 
period. It could also be related to the fact that the data are self-reported and so perceptions about 
what an income shock actually is could have changed. Our assumption is that households 
accurately report the incidence of shocks and so the summary statistics reflect a true decline in the 
actual incidence of shocks over the period. This caveat, nonetheless, should be borne in mind 
when interpreting the results.  
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Table 1: Sample size, risk, and shock variables 

   2008 2010 2012 2014 2016 

  n = 2,278 n = 2,245 n = 2,759 n = 2,725 n = 1,447 

% Rice producers   72.26 69.98 65.64 63.67 58.94 
  n = 1,506 n = 1,450 n = 1,694 n = 1,640 n = 1,447 

Shock Mean 0.518 0.490 0.382 0.309 0.272 
 Std. dev. 0.500 0.500 0.486 0.462 0.445 

Past dev. rainfall Mean 0.083 0.129 0.125 0.011 0.065 
 Std. dev. 0.046 0.142 0.055 0.064 0.054 

Past mean rainfall Mean 7.497 7.544 7.398 7.533 7.504 

  Std. dev. 0.127 0.239 0.242 0.258 0.154 

Source: Authors’ own calculations based on VARHS. 

We measure risk by the deviation of rainfall in the commune from the previous six-year average. 
A lag length of three is chosen as the measure of actual realized shocks is any shocks that occurred 
in the previous two years. This implies that in 2008, for example, the risk proxy is the deviation of 
the level of rainfall experienced in 2005 from the average level of rainfall experienced between 
2000 and 2005.3 We also control for the level of rainfall lagged by three periods given that a certain 
level of rainfall is required for rice production. Rainfall data are extracted from the University of 
Delaware Global Precipitation Archive V4.01 (Willmott and Matsuura 2001). The data contain 
global historical estimates of rainfall for a grid of 0.5 by 0.5 degree of geographic coordinates, 
where the grid nodes are centred on 0.25 degrees. We extract the data for Viet Nam for the 2000 
to 2014 period and match them to each commune in the VARHS dataset. 

Table 1 reports summary statistics for both the past rainfall level (measured in logs) and the 
standard deviation. Over the sample period, the rainfall level increased slightly while the standard 
deviation increased between 2008 and 2012 but decreased slightly thereafter. This is consistent 
with the decline in the incidence of weather-related shocks in 2014 and 2016 recorded in the 
VARHS data. 

In Table 2, we present the main summary statistics disaggregated by risk quantile, with lower 
quantiles representing lower levels of risk and the realization of weather shocks. The incidence of 
weather-related shocks does not appear to be correlated with past deviations in rainfall. This is 
somewhat surprising and suggests that the perceptions of households in relation to their exposure 
to risk may not align with the actual realization of those risks. Exposure to risk also does not 
appear to be systematically correlated with any of the outcome variables of interest (income, food 
expenditure, and assets) or the household level control variables. In contrast, households that 
experience a natural disaster have lower income levels, lower levels of assets, and more loans. They 
are also likely to have lower education and larger households, and are more likely to be classified 
as poor by the authorities. In sum, it appears from our data that exposure to risk is less related to 
observable characteristics than exposure to natural shocks. 

  

                                                 

3 All our results are robust to the use of the fourth lag. Earlier lags are not well determined, suggesting that households’ 
risk perceptions, based on memories of past rainfall incidences, do not stretch back more than four years. 
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3 Empirical approach 

There are three steps to our empirical analysis. We first examine the extent to which experiencing 
a natural shock impacts on the income and consumption levels of the household. To examine this 
issue, we estimate equation (1): 

𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛽𝛽𝑆𝑆𝑖𝑖𝑖𝑖 + 𝜹𝜹𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑖𝑖 + 𝜏𝜏𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖 (1) 

where, 𝑌𝑌𝑖𝑖𝑖𝑖 is the outcome of interest, 𝑆𝑆𝑖𝑖𝑖𝑖 is an indicator variable for whether the household 
experienced an income shock, 𝑍𝑍𝑖𝑖𝑖𝑖 is a vector of time-varying control variables, 𝛼𝛼𝑖𝑖 are household 
fixed effects, 𝜏𝜏𝑖𝑖 are time dummies, and 𝑢𝑢𝑖𝑖𝑖𝑖 is a statistical noise term. The identification of the 
effect of natural shocks on outcomes comes from the within-household changes in the incidence 
of shocks. While we consider the incidence of shocks to be out of the households’ control and so 
exogenous, the inclusion of household fixed effects ensures that all observable and unobservable 
time-invariant household-specific characteristics that could impact on both the outcome of interest 
and the probability that the household is exposed to a natural shock are controlled for. The rich 
set of time-varying controls included in 𝑍𝑍𝑖𝑖𝑖𝑖 further sharpens our identification by controlling also 
for observable time-varying household-specific factors. 

We are also interested in the shock-coping mechanisms of households, particularly in relation to 
their financial assets and access to credit. As such, we also estimate equation (1) with changes in 
the value of different types of asset classes and the value of loans between rounds as outcomes. 

The second step of our empirical analysis explores the extent to which past exposure to weather-
related risks impacts on the level and types of assets that households accumulate, as has been 
found to be the case in much of the literature cited in the introduction. To explore this, we estimate 
equation (2):  

𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛾𝛾𝑣𝑣𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑆𝑆𝑖𝑖𝑖𝑖 + 𝜂𝜂𝑅𝑅𝑖𝑖𝑖𝑖 + 𝜹𝜹𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑖𝑖 + 𝜏𝜏𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖 (2) 

where, 𝑣𝑣𝑖𝑖𝑖𝑖 is our measure of past exposure to risk as discussed above, 𝑅𝑅𝑖𝑖𝑖𝑖 is the level of rainfall in 
the commune three years prior to the survey round, and all the other variables are the same as for 
equation (1). In this case, the outcomes of interest are the total level of assets, the share of assets 
that are productive, and the share of assets that are unproductive. We also examine what past risk 
exposure means for household incomes and food expenditure using this specification. As for 
equation (1), the inclusion of household fixed effects means that our identification comes from 
the within-household variation in risk exposure over time. As such, we assume that households’ 
perceptions of their exposure to risk are updated in each round of the data.4 

The third and final step examines the extent to which exposure to past risk, and by extension the 
past investment decisions of farmers, buffers them against future income shocks. To examine this 
issue, we extend the specification in equation (2) to include an interaction term between past risk 
exposure and the incidence of natural shocks. This specification is given in equation (3):  

𝑌𝑌𝑖𝑖𝑖𝑖 = 𝜃𝜃𝑣𝑣𝑖𝑖𝑖𝑖 × 𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛾𝛾𝑣𝑣𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑆𝑆𝑖𝑖𝑖𝑖 + 𝜂𝜂𝑅𝑅𝑖𝑖𝑖𝑖 + 𝜹𝜹𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑖𝑖 + 𝜏𝜏𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖 (3) 

                                                 

4 We have some evidence from our data to suggest that households do not remember deviations in rainfall that 
occurred more than four years previously, which makes a two-year updating of perceptions around exposure to 
uninsured risk a realistic assumption. 
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In this case, the key outcomes are income and the change in the value of different categories of 
assets, while the parameter of interest is 𝜃𝜃, which will allow us to determine the extent to which 
past exposure to risk exacerbates or mitigates the impact of shocks.  

4 Results 

We begin by examining the impact of adverse income shocks on household level outcomes. We 
focus on household income and food expenditure. The results of the specification given in 
equation (1) are presented in Table 3. As revealed in column (1), exposure to adverse income 
shocks related to natural disasters leads to a loss in household income. Shocks, however, do not 
lead to lower levels of food expenditure (column 8). This suggests that households find some way 
to smooth consumption and is consistent with the main theoretical predictions in the literature on 
this issue (see Townsend 1994). While households manage to smooth their consumption, they still 
face a loss in income, highlighting the fact that they will generally face difficulties in coping with 
risk and that not all risk will be insured (Dercon 2002). The main source of income affected by 
income shocks is, perhaps unsurprisingly, crop income. Column 2 reveals that once households 
have experienced a natural shock, the proportion of income that they generate from crops falls by 
over 2 per cent. They compensate for this loss with an increase in the proportion of income 
generated through waged employment and through public transfers from the state. This does not, 
however, go far enough in making up for the overall loss to household income. 

In Table 4, we explore the extent to which households deplete their assets in response to a natural 
shock. While there is no evidence that natural shocks lead to a change in the overall value of assets 
owned by the household, the composition of assets does change. Households deplete their stock 
of savings (column 5) but increase their stock of livestock and agricultural equipment (columns (3) 
and (4)).5 Livestock is often considered a buffer stock against shocks given that it is not (generally) 
impacted by weather events.6 Increased investment in agricultural equipment is likely due to the 
need to replace damaged farm equipment after the shock. To smooth consumption, and at the 
same time increase investment in livestock and farm equipment, households draw down savings 
and take out loans (column (8)). This suggests that in times of crisis households can rely on sources 
of credit, but it also suggests that during these times they become more indebted, which may be 
problematic if these funds are not put to productive uses. 

 

                                                 

5 Wainwright and Newman (2011) examine the link between income shocks and households’ risk-coping strategies 
for the Vietnamese case. Using earlier waves of the VARHS data (2008–10), they find that households smooth 
consumption by depleting liquid assets. 

6 Rosenzweig and Wolpin (1993) propose that in the absence of risk mitigation strategies as a result of incomplete 
credit markets, households will use livestock as a buffer against unexpected income losses and as such can be 
considered a form of self-insurance. Fafchamps et al. (1998) also find empirical evidence for the use of livestock as a 
partial buffer against shocks.   
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Table 2: Summary statistics by risk quantile and realization of shocks 

  Risk quantile 1 2 3 4 5 No shock Shock 
   n = 1,625 n = 1,640 n = 1,698 n = 1,657 n = 1,447 n = 4,700 n = 3,037 
Shock Mean 0.396 0.438 0.441 0.364 0.288   
 Std. dev. 0.489 0.496 0.497 0.481 0.453   
Dev. past rainfall Mean 0.022 0.060 0.088 0.127 0.234 0.102 0.105 
 Std. dev. 0.010 0.013 0.006 0.015 0.088 0.077 0.090 
Past mean rainfall Mean 7.541 7.431 7.535 7.488 7.458 7.494 7.491 
 Std. dev. 0.281 0.152 0.203 0.251 0.121 0.218 0.221 
Household income (log) Mean 10.939 10.908 10.771 10.893 11.140 11.023 10.749 
 Std. dev. 0.822 0.779 0.828 0.835 0.792 0.822 0.789 
Food expenditure (log) Mean 7.268 7.165 7.096 7.255 7.308 7.258 7.139 
 Std. dev. 0.752 0.718 0.830 0.747 0.712 0.763 0.749 
Total assets (log) Mean 11.749 11.869 11.449 11.626 12.167 11.909 11.485 
 Std. dev. 1.596 1.559 1.490 1.702 1.718 1.695 1.469 
Share productive Mean 0.767 0.746 0.731 0.701 0.773 0.731 0.756 
 Std. dev. 0.259 0.278 0.253 0.284 0.283 0.290 0.240 
Share unproductive Mean 0.233 0.254 0.269 0.299 0.227 0.269 0.244 
 Std. dev. 0.259 0.278 0.253 0.284 0.283 0.290 0.240 
Total loans (log) Mean 3.607 4.110 3.980 4.272 5.241 3.833 4.701 
 Std. dev. 4.844 5.065 4.954 5.082 5.253 5.017 5.055 
Education per capita Mean 8.664 8.195 7.947 8.965 8.883 8.815 8.020 
 Std. dev. 2.514 2.868 2.936 2.331 2.367 2.457 2.888 
Household size Mean 4.390 4.621 4.696 4.280 4.477 4.352 4.716 
 Std. dev. 1.669 1.742 1.745 1.608 1.666 1.649 1.742 
Sex HoH Mean 0.790 0.851 0.861 0.795 0.804 0.803 0.850 
 Std. dev. 0.408 0.357 0.346 0.404 0.397 0.398 0.357 
Married HoH Mean 0.804 0.869 0.859 0.821 0.831 0.822 0.861 
 Std. dev. 0.397 0.338 0.348 0.384 0.375 0.382 0.346 
Age HoH Mean 53.145 49.761 50.688 52.117 51.962 52.055 50.635 
 Std. dev. 13.573 12.017 13.273 12.756 12.357 13.159 12.424 
Active HH members Mean 2.857 3.075 3.051 2.848 2.906 2.838 3.125 
 Std. dev. 1.454 1.447 1.487 1.412 1.418 1.424 1.469 
Classified as poor Mean 0.131 0.173 0.201 0.119 0.102 0.117 0.197 
  Std. dev. 0.338 0.379 0.401 0.324 0.303 0.321 0.398 

Source: Authors’ own calculations based on VARHS. 
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Table 3: Impact of shocks on income and consumption 

 (1) (2) (3) (4) (5) (6) (7) (8) 
  Share:  
 Total income Crops Livestock Wage HH enterprise Transfers 

(private) 
Transfers 
(public) 

Food 

         
Shock -0.061*** -0.021*** 0.003 0.014* -0.005 -0.002 0.009*** -0.000 
 (0.018) (0.006) (0.004) (0.008) (0.006) (0.005) (0.003) (0.019) 
         
Household FE Yes Yes Yes Yes Yes Yes Yes Yes 
Time FE Yes Yes Yes Yes Yes Yes Yes Yes 
HH controls Yes Yes Yes Yes Yes Yes Yes Yes 
         
Observations 8,225 8,207 8,207 8,207 8,207 8,207 8,207 8,333 
R-squared 0.189 0.111 0.012 0.062 0.005 0.051 0.029 0.080 
Number of HHs 2,124 2,120 2,120 2,120 2,120 2,120 2,120 2,125 

Note: Robust standard errors clustered at the commune level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
Source: Authors’ own calculations based on VARHS. 

 

Table 4: Impact of shocks on asset depletion 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
Change in: Total assets Land Livestock Equip (ag) Equip (other) Savings Crop storage Durables Loans 
          
Shock 0.097 0.294 0.446*** 0.549*** 0.011 -0.555** -0.103 0.033 1.019*** 
 (0.085) (0.192) (0.148) (0.173) (0.115) (0.238) (0.120) (0.068) (0.252) 
          
Household FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 
HH controls Yes Yes Yes Yes Yes Yes Yes Yes Yes 
          
Observations 6,360 6,361 6,361 6,361 6,361 6,361 6,361 6,361 6,361 
R-squared 0.021 0.010 0.010 0.027 0.333 0.023 0.010 0.388 0.019 
Number of HHs 2,002 2,002 2,002 2,002 2,002 2,002 2,002 2,002 2,002 

Note: Robust standard errors clustered at the commune level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

Source: Authors’ own calculations based on VARHS. 
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We next turn our attention to exploring the impact of past exposure to risk on asset accumulation. 
The key question is whether households that have been exposed to extreme weather events in the 
past are more risk averse in terms of asset accumulation. Table 5 relates the level of assets held by 
households to their exposure to risk in the past, measured as the standard deviation of the three-
year lag of rainfall from the average in the previous six years.7 We use the three-year lag to 
distinguish this variable from the natural shocks indicator, which is based on shocks incurred in 
the previous two years. We also include the lagged rainfall level, which will control for the fact that 
a certain level of rain is required for rice production.8 It is deviations from expected rainfall levels 
that are detrimental and can be considered a form of uninsurable risk that could cause farmers to 
take risk-mitigating actions.  
Table 5: Impact of risk on asset accumulation 

 (1) (2) (3) 
 Total assets Productive asset share Unproductive asset share 
    
Shock 0.083 0.042*** -0.042*** 
 (0.051) (0.009) (0.009) 
Past dev. rainfall -2.123*** -0.321*** 0.321*** 
 (0.276) (0.056) (0.056) 
Past mean rainfall 0.190 0.024 -0.024 
 (0.198) (0.038) (0.038) 
    
Household FE Yes Yes Yes 
Time FE Yes Yes Yes 
HH controls Yes Yes Yes 
    
Observations 7,735 7,735 7,735 
R-squared 0.132 0.025 0.025 
Number of HHs 1,953 1,953 1,953 

Note: Robust standard errors clustered at the commune level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
Source: Authors’ own calculations based on VARHS. 

 
Table 6: Impact of risk on asset accumulation (details) 

 (1) (2) (3) (4) (4) (5) (6) (7) 
Share Land Livestock Equip 

(ag.) 
Equip 
(other) 

Savings Crop 
store 

Durables Loans 

         
Shock 0.032** 0.015** 0.000 -0.004 -0.031*** -0.010** -0.001 0.683*** 
 (0.014) (0.006) (0.001) (0.005) (0.006) (0.004) (0.003) (0.148) 
Past dev. rainfall -0.589*** 0.106** 0.007 0.151*** 0.092** 0.107*** 0.122*** 1.341 
 (0.086) (0.042) (0.013) (0.030) (0.044) (0.024) (0.020) (1.017) 
Past mean rainfall 0.022 -0.045 0.021*** 0.024 -0.049* 0.015 0.010 -0.630 
 (0.054) (0.031) (0.006) (0.018) (0.026) (0.017) (0.010) (0.495) 
         
Household FE Yes Yes Yes Yes Yes Yes Yes Yes 
Time FE Yes Yes Yes Yes Yes Yes Yes Yes 
HH controls Yes Yes Yes Yes Yes Yes Yes Yes 
         
Observations 7,735 7,735 7,735 7,735 7,735 7,735 7,735 7,735 
R-squared 0.081 0.038 0.027 0.152 0.036 0.069 0.110 0.042 
Number of HHs 1,953 1,953 1,953 1,953 1,953 1,953 1,953 1,953 

Note: Robust standard errors clustered at the commune level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
Source: Authors’ own calculations based on VARHS. 
                                                 

7 Our findings are robust to the choice of a lag length of three or four and an average of five to six years. 
8 Rice production requires that the crop is submerged in water from planting through to harvest. This is normally 
controlled through irrigation systems. 
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As revealed in Table 5, households exposed to large deviations in rainfall in the past accumulate 
less assets, and a greater share of their assets is unproductive. As discussed above, households that 
are exposed to flood risk are less likely to invest in inputs and other productive assets that have a 
significant downside risk. The perceived probability of flooding is higher for these households 
given their past exposure to floods and so they run the risk of losing any investment made should 
a flood occur and their crop fail (Emerick et al. 2016). They are therefore more likely to invest 
their money in other types of assets that they can draw down in the event of a shock. 

We explore the different asset categories in Table 6. Households exposed to more rainfall risk hold 
less of their assets in the form of land and more in the form of livestock (a buffer stock), liquid 
savings, crop stores, and durable goods. This is consistent with the idea that risk negatively impacts 
on the productive investments of households with more assets held in liquid form. The one 
exception is non-agricultural equipment which includes transport vehicles and personal 
computers. While they could be considered productive assets, they could also be considered liquid 
assets that could be sold in times of crisis.  

In Table 7, we investigate the extent to which risk has negative consequences for contemporaneous 
income and food expenditure. We find in column (1) that households exposed to risk in the past 
have much lower incomes than other households, even when shocks in the previous two years are 
controlled for. This could be due to a number of factors but could indeed be linked with the 
decision of farmers that are risk exposed to invest in unproductive assets. It could also be due to 
previous losses to income as a result of past shocks, but the inclusion of household fixed effects 
makes this unlikely. Exposure to risk, does not translate into lower levels of food expenditure, 
suggesting again that households manage to develop coping strategies to smooth consumption. 

Table 7 also explores the proportion of income from different sources for risk-exposed 
households. Households exposed to past risks earn a significantly greater proportion of their 
income from crops compared with other households. This suggests that these households are 
particularly vulnerable given that they are investing away from productive assets that could 
improve their agricultural productivity, while at the same time this is their primary source of 
income. 

In the final step of our analysis, we explore the extent to which households that have adjusted 
their asset portfolio in response to past exposure to risk are better able to cope in the event of an 
income shock. In other words, do they experience less of an income loss and do they have to 
deplete fewer of their assets? We explore this possibility by including an interaction term between 
the risk exposure variable and the occurrence of a natural shock in the previous two-year period. 
The results for income are presented in column (8) of Table 7. The statistical insignificance of the 
interaction term suggests that households with long-term risk exposure fare no better (or worse) 
than those that have not previously been exposed to risk in the event of a natural shock on their 
income levels. 

In Table 8, we extend the analysis to consider different types of coping mechanisms in the form 
of asset depletion and access to credit. Recall from Table 4, that in the face of natural shocks 
households deplete their stock of savings and rely on loans to cope. There is no evidence in Table 
8 that households that have had previous risk exposure do this to any less of an extent. The only 
statistically significant interaction term is on the change in consumption durables. We find that 
households that have previously been exposed to risk increase their stock of consumption durables 
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if a natural shock is realized.9 This suggests that they step up efforts to buffer against future income 
losses when further weather-related shocks are realized. 

Overall, our results suggest that households that are exposed to risk invest in unproductive assets 
to avoid the downside risk associated with exposure to flooding even though a greater proportion 
of their income comes from crops compared with other households. This translates into 
significantly lower overall household income levels. Ultimately, the investment in these ‘buffer’ 
assets does not appear to pay off once actual risks are realized and so they are hit in more or less 
a similar way to other households that did not engage in such risk-mitigation strategies. 

                                                 

9 The joint effect is statistically significant at the 1 per cent significance level.  
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Table 7: Impact of risk on income and consumption 

 (1) (2) (3) (4) (5) (6) (7) (8) 
  Share:  
 Total income Crops Livestock Wage HH enterprise Transfers 

(private) 
Transfers 
(public) 

Total Income 

         
Shock x past dev. rain        0.115 
        (0.124) 
Shock -0.053*** -0.020*** 0.004 0.014* -0.006 -0.003 0.009*** -0.052*** 
 (0.018) (0.006) (0.004) (0.008) (0.006) (0.005) (0.003) (0.018) 
Past dev. rainfall -0.652*** 0.072** 0.014 -0.009 -0.004 -0.014 -0.017 -0.667*** 
 (0.120) (0.035) (0.029) (0.045) (0.025) (0.031) (0.019) (0.121) 
Past mean rainfall -0.006 0.015 -0.005 0.010 0.015 -0.036** 0.003 -0.020 
 (0.072) (0.027) (0.018) (0.033) (0.018) (0.017) (0.011) (0.072) 
         
Household FE Yes Yes Yes Yes Yes Yes Yes Yes 
Time FE Yes Yes Yes Yes Yes Yes Yes Yes 
HH controls Yes Yes Yes Yes Yes Yes Yes Yes 
         
Observations 7,644 7,627 7,627 7,627 7,627 7,627 7,627 7,644 
R-squared 0.192 0.114 0.012 0.061 0.005 0.052 0.031 0.192 
Number of HHs 1,952 1,948 1,948 1,948 1,948 1,948 1,948 1,952 

Note: Robust standard errors clustered at the commune level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

Source: Authors’ own calculations based on VARHS. 
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Table 8: Exposure to risk and coping mechanisms—asset depletion 

 (2) (3) (4) (5) (6) (7) (8) (9) 
Panel A Total assets Total assets Land Land Livestock Livestock Equip (ag.) Equip (ag.) 
         
Shock x past dev. rain  0.369  2.152  1.430  -0.357 
  (0.517)  (1.173)  (0.912)  (1.051) 
Shock 0.132 0.131 0.384** 0.374* 0.449*** 0.442*** 0.550*** 0.552*** 
 (0.086) (0.086) (0.194) (0.194) (0.147) (0.147) (0.179) (0.178) 
Past dev. rainfall -3.187*** -3.214*** -7.906*** -8.067*** 0.140 0.033 0.754 0.781 
 (0.432) (0.440) (0.991) (1.003) (1.160) (1.148) (1.237) (1.245) 
Past mean rainfall -1.244*** -1.267*** -2.270** -2.404** 0.566 0.478 0.154 0.176 
 (0.410) (0.410) (0.952) (0.950) (0.818) (0.831) (0.847) (0.847) 
         
Observations 5,922 5,922 5,923 5,923 5,922 5,923 5,923 5,923 
R-squared 0.045 0.045 0.032 0.033 0.045 0.011 0.027 0.027 
Number of HHs 1,861 1,861 1,861 1,861 1,861 1,861 1,861 1,861 
Panel B Equip (other) Equip (other) Savings Savings Crop storage Crop storage Durables Durables 
         
Shock x past dev. rain  0.381  -1.003  0.143  1.000** 
  (0.669)  (1.775)  (0.797)  (0.452) 
Shock 0.036 0.034 -0.511** -0.506** -0.132 -0.132 0.037 0.032 
 (0.119) (0.119) (0.246) (0.248) (0.126) (0.126) (0.069) (0.069) 
Past dev. rainfall -0.978 -1.006 -6.156*** -6.081*** 2.414 2.404 1.722*** 1.647*** 
 (0.680) (0.681) (1.917) (1.920) (1.487) (1.471) (0.459) (0.457) 
Past mean rainfall 0.111 0.087 3.854*** 3.916*** -0.249 -0.257 -0.532 -0.594 
 (0.475) (0.476) (1.166) (1.183) (1.137) (1.154) (0.375) (0.372) 
         
Observations 5,923 5,923 5,923 5,923 5,923 5,923 5,923 5,923 
R-squared 0.329 0.329 0.031 0.031 0.012 0.012 0.393 0.394 
Number of HHs 1,861 1,861 1,861 1,861 1,861 1,861 1,861 1,861 

Note: Robust standard errors clustered at the commune level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Each specification includes household and time fixed effects  
and time-varying control variables. We exclude the value of loans from the table as the results are not statistically significant for any of the risk variables or the interaction.  

Source: Authors’ own calculations based on VARHS. 
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5 Conclusions 

This paper explored the impact that exposure to uninsured weather-related risk has on the 
production decisions of rice farmers, in particular in relation to the accumulation of assets. This 
included examining the impact of actual realized shocks on household income and food 
consumption and an exploration of the risk-coping mechanisms of households in the aftermath 
of shocks. The focus of the paper was on the interaction between past exposure to risk and risk-
mitigation strategies and the realization of shocks to ascertain the extent to which these strategies 
serve as a buffer and so pay off by protecting households against income losses. 

Using a rich household level panel dataset from Viet Nam for the 2008–16 period and matched 
data on rainfall levels for the 2000–14 period, we addressed these issues in the context of risk-
exposed rice-producing farmers in a vulnerable setting. We found that households suffer income 
losses when they experience shocks, but not losses in consumption, and buffer these losses 
through depleting savings and taking out loans. There is some evidence to suggest that they also 
re-invest in farm assets and livestock after exposure to a shock. 

It emerged that past risk exposure leads to lower levels of investment in assets in general and a 
lower level of productive assets in particular. This is consistent with other findings from 
developing country contexts which show that in the face of uninsured risk households divert 
resources away from risky income-producing assets and invest more in the form of precautionary 
savings. Ultimately, this leads to lower income levels for those farmers who rely more on crop 
income than other households. 

We also found that these investment strategies do not help to buffer these households against 
future natural shocks. When shocks are realized, they experience the same drop in income as other 
households and are no different in their need to deplete the stock of savings and take out loans to 
cope with the shock. We also found that they invest even more in unproductive durable goods in 
the aftermath of a shock, suggesting that continued exposure to risk shifts the asset portfolio away 
from income-generating assets to an even greater extent.  

A key policy implication of these results is that measures to eliminate the downside risk associated 
with agricultural production in uncertain climates could be transformative in improving the 
productivity of rural farmers, allocating resources to more productive uses, and improving welfare. 
A number of recent studies have found evidence supporting policies that offer rainfall insurance 
to vulnerable farmers to protect against risk (Dercon et al. 2014; Karlan et al. 2014).10 The 
difficulties, however, in rolling out agricultural insurance, both in terms of supply-side and 
demand-side constraints, should not be underestimated. Carter et al. (2016), Cole et al. (2013), and 
Giné et al. (2008) all highlight the difficulties in developing agricultural insurance products that are 
both sustainable and affordable. Given the potential benefits of such products, future research is 
needed in this area. In addition, other innovative mechanisms for eliminating downside risk are 
worth considering. For example, Emerick et al. (2016) demonstrate the effectiveness of new 
technologies that eliminate downside risk in changing the input choices of farmers, leading to 
higher productivity levels. Innovations of this kind are promising, particularly in rural settings such 

                                                 

10 In addition, see Cole and Xiong (2015) for an overview of the literature on the impact of agricultural insurance on 
investment decisions and its role in smoothing income and consumption. 
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as that studied in our paper, where agriculture remains an important sector, and vulnerability to 
climate change and increasing weather variability are significant challenges.  
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Appendix 

Table A1: Description of variables 

Name Description 

Risk and shocks:  

Shock =1 if household exposed to a natural shock and zero otherwise 

Past dev. rainfall Standard deviation of 3-year lag rainfall level from 6-year average 

Past mean rainfall Log of 3-year lag of average rainfall 

Outcomes:  

Total income (log) Log of total household income 

Share crops Share of income from crops 

Share livestock Share of income from livestock 

Share other ag. Share of income from other agricultural enterprises 

Share wage Share of income from a wage 

Share HH enterprise Share of income from household enterprises 

Share rent Share of income from renting out land or other assets 

Share private transfers Share of income from private transfers 

Share public transfers Share of income from public transfers 

Food expenditure (log) Log of household food expenditure 

Total assets (log) Log of total value of assets 

Share productive Share of assets that are productive 

Share unproductive Share of assets that are unproductive 

Share land Share of assets in land (productive) 

Share livestock Share of assets in livestock (productive) 

Share equip (ag.) Share of assets in agricultural equipment (productive) 

Share equip (other) Share of assets in other equipment (productive) 

Share savings Share of assets in liquid savings (unproductive) 

Share crop storage Share of assets in crop storage (unproductive) 

Share durables Share of assets in consumption durables (unproductive) 

Total loans (log) Log of total value of loans 

Controls  

Education per capita Average years of education per capita in the households 

Household size Number of adults and children in the household 

Sex HoH =1 if household head is male and zero otherwise 

Married HoH =1 if household head is married and zero otherwise 

Age HoH Age of head of household 

Active HH members Number of household members earning an income 

Classified as poor =1 if classified as poor for the receipt of state benefits and zero otherwise 

Source: Authors’ own calculations based on VARHS. 
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Table A2: Summary statistics for income and food expenditure  

   2008 2010 2012 2014 2016 
  n = 1,491 n = 1,437 n = 1,682 n = 1,623 n = 1,429 
Total income (log) Mean 10.653 10.776 10.921 11.079 11.138 
 Std. dev. 0.802 0.800 0.769 0.779 0.859 
Share crops Mean 0.341 0.254 0.237 0.215 0.218 
 Std. dev. 0.263 0.232 0.241 0.230 0.231 
Share livestock Mean 0.088 0.092 0.093 0.110 0.086 
 Std. dev. 0.134 0.134 0.153 0.167 0.160 
Share other ag. Mean 0.045 0.055 0.042 0.039 0.026 
 Std. dev. 0.093 0.105 0.098 0.090 0.066 
Share wage Mean 0.313 0.336 0.363 0.386 0.410 
 Std. dev. 0.321 0.332 0.335 0.340 0.350 
Share HH enterprise Mean 0.099 0.096 0.105 0.101 0.106 
 Std. dev. 0.217 0.216 0.237 0.235 0.249 
Share rent Mean 0.001 0.002 0.002 0.002 0.001 
 Std. dev. 0.016 0.013 0.028 0.023 0.013 
Share private transfers Mean 0.059 0.093 0.085 0.080 0.077 
 Std. dev. 0.150 0.178 0.175 0.164 0.157 
Share public transfers Mean 0.051 0.067 0.060 0.060 0.066 
 Std. dev. 0.135 0.150 0.144 0.139 0.133 
Food expenditure (log) Mean 7.233 7.217 7.279 7.158 7.165 
  Std. dev. 0.910 0.671 0.729 0.697 0.770 

Source: Authors’ own calculations based on VARHS. 

 

Table A3: Summary statistics for assets 

   2008 2010 2012 2014 2016 
  n = 1,506 n = 1,450 n = 1,694 n = 1,640 n = 1,447 
Total assets (log) Mean 11.076 11.471 11.893 12.174 12.043 
 Std. dev. 1.440 1.567 1.589 1.566 1.695 
Share productive Mean 0.706 0.716 0.753 0.774 0.752 
 Std. dev. 0.260 0.256 0.264 0.257 0.315 
Share unproductive Mean 0.294 0.284 0.247 0.226 0.248 
 Std. dev. 0.260 0.256 0.264 0.257 0.315 
Share land Mean 0.310 0.364 0.477 0.506 0.530 
 Std. dev. 0.371 0.403 0.419 0.423 0.434 
Share livestock Mean 0.235 0.206 0.161 0.170 0.217 
 Std. dev. 0.260 0.244 0.239 0.247 0.304 
Share equip (ag.) Mean 0.015 0.019 0.012 0.008 0.001 
 Std. dev. 0.066 0.069 0.047 0.036 0.004 
Share equip (other) Mean 0.149 0.132 0.108 0.095 0.003 
 Std. dev. 0.185 0.165 0.149 0.133 0.013 
Share savings Mean 0.093 0.142 0.136 0.131 0.178 
 Std. dev. 0.173 0.200 0.198 0.189 0.268 
Share crop storage Mean 0.121 0.077 0.059 0.047 0.065 
 Std. dev. 0.153 0.120 0.102 0.085 0.136 
Share durables Mean 0.079 0.065 0.051 0.048 0.005 
 Std. dev. 0.104 0.093 0.086 0.084 0.020 
Total loans (log) Mean 4.654 5.036 4.196 3.818 3.189 
  Std. dev. 5.084 5.145 4.993 4.961 4.877 

Source: Authors’ own calculations based on VARHS. 
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Table A4: Summary statistics for control variables 
   2008 2010 2012 2014 2016 
  n = 1,506 n = 1,450 n = 1,694 n = 1,640 n = 1,447 
Education per capita Mean 8.147 8.218 8.462 8.666 9.022 
 Std. dev. 2.833 2.758 2.633 2.612 2.366 
Household size Mean 4.749 4.532 4.417 4.402 4.391 
 Std. dev. 1.740 1.710 1.664 1.662 1.682 
Sex HoH Mean 0.822 0.826 0.827 0.816 0.816 
 Std. dev. 0.383 0.380 0.378 0.387 0.387 
Married HoH Mean 0.841 0.840 0.837 0.837 0.831 
 Std. dev. 0.366 0.367 0.369 0.369 0.375 
Age HoH Mean 51.025 52.066 50.345 51.535 52.727 
 Std. dev. 12.817 12.419 13.236 12.998 12.789 
Active HH members Mean 3.147 3.018 2.907 2.873 2.820 
 Std. dev. 1.490 1.464 1.424 1.416 1.434 
Classified as poor Mean 0.212 0.140 0.199 0.135 0.046 
  Std. dev. 0.409 0.347 0.399 0.342 0.210 

Source: Authors’ own calculations based on VARHS. 
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