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A B S T R A C T

This study explores the impact of weather shocks on the investment decisions of farmers. We distinguish between
the long-term effect of exposure to weather shocks, measured as past exposure to deviations in average rainfall
levels, and the effect of weather-related shocks that have recently occurred. We examine how households cope
with shocks in the short term, in terms of consumption smoothing and the depletion of liquid assets, and whether
over the longer-term shock exposure impacts on household investment decisions and welfare. Our results show
that households on average manage to smooth consumption in the face of recent shocks by depleting savings and
borrowing. Over the longer-term, households that are exposed to shocks invest less in productive assets leading
to lower consumption levels. Moreover, the investment strategies of these households do not appear to pay off
once additional shocks occur later on.

1. Introduction

Exposure to weather-related shocks remains a significant cause of
poverty in less developed countries, particularly for farming house-
holds. The ability of households to adapt to the prevalence of such
shocks and cope in their aftermath is an important determinant of
welfare. In many rural settings, risk-mitigation strategies are particu-
larly 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
can lead farmers to divert investment away from productive agri-
cultural assets towards precautionary savings, either cash or through
the accumulation of other liquid assets.2 Thus, uninsured weather-re-
lated risk can have real consequences for agricultural productivity and
income levels.

In this study, we explore the short-term and long-term impact of
exposure to uninsured weather shocks on the investment decisions of
farmers. We examine how households cope with shocks in the short-
term in terms of consumption smoothing, the depletion of assets and
accessing financial markets. We also examine the extent to which
households that have been more exposed to rainfall related shocks in
the past behave differently in terms of their investment strategies and

whether this has welfare consequences. Moreover, we consider whether
households exposed to weather shocks in the past are more or less
shielded against similar shocks in the future.

We use data from Viet Nam where weather-related shocks are large
and agriculture continues to play an important role in the economy for
food security, rural employment, and exports. Importantly, Viet Nam is
similar to many other developing countries along these dimensions.
Accordingly, learning from this context is an explicit aim of this study.
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 most de-
veloping countries and poses a threat to the successful cultivation of
many types of crops. This implies that past exposure to weather-related
shocks will make uninsurable agriculture related risks more salient for
farmers. Viet Nam thus provides a relevant case for exploring the im-
pact of weather-related shocks on asset accumulation, incomes, and
food consumption.

We use the Viet Nam Access to Resources Household Survey
(VARHS), a unique and rich panel dataset for the period 2008–2016,
which was collected every two years, specifically to understand access
to resources of rural households and their decision-making processes
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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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around the accumulation of these assets and the generation of income.
The data cover 2700 households over the eight-year period, and we
select the sub-sample of crop-producing farmers (82 per cent of the full
sample) for our analysis. Our data include details on assets, agricultural
production, incomes, food expenditure, and other household char-
acteristics, in addition to self-reported exposure to weather-related
shocks. We supplement these data with data on rainfall measured at the
commune level. We measure household exposure to shocks in the past
as the absolute value of the deviation of the three-year lag of rainfall in
the commune from the long-term (six-year) average.3

We approach our analysis in three steps. First, we estimate the
short-term impact of shocks on household income and food consump-
tion and explore the ways households cope when exposed to shocks.
Second, we examine the long-term effect of exposure to shocks by ex-
amining how it affects the investment decisions of households and how
that, in turn, impacts on income and food consumption. In other words,
controlling for other factors, do farmers that have been exposed to
weather shocks 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?4 This allows us to separate out the short-term
and long-term impact of shocks. Finally, we explore whether house-
holds with greater exposure to shocks in the past cope better when
further weather shocks occur later on. We use a household fixed effects
approach so our identification comes from the within-household var-
iation in past exposure to shocks and the recent 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 out-
comes of interest (asset accumulation, income, and food expenditure).
The incidence of weather-related shocks is considered exogenous.

Understanding the link between uninsured risk and sub-optimal
production decisions has attracted much attention in the recent litera-
ture. 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 in-
surance 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 con-
sidered 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 asso-
ciated with flooding changes the input choices of rice farmers with the
effect of increasing productivity.

We contribute to this literature in two main ways. Our first main
contribution is that we consider both the long-term and short-term
strategies of households that are exposed to weather shocks. Alderman
and Paxson (1992) distinguish between risk-management strategies
which involve adjusting the (perceived) riskiness of the income-gen-
erating process (long-term) and shock-coping strategies which refer to
the adjustments that households make to cope with income shocks
(short-term). The previous literature cited above has focused on one or
the other and has not considered them both simultaneously. In addi-
tion, we also consider the interaction between past exposure to weather

shocks and the incidence of recent weather shocks to ascertain whether
any risk mitigating strategies employed by households actually protect
them when further shocks are later realized. Our second main con-
tribution is that we provide new evidence of the impact of weather-
related shocks on the welfare of a group of farmers who are particularly
exposed and vulnerable to climate change.

Our results show that in the short-term, households cope with the
realization of weather-related shocks by depleting their savings and
borrowing. This suggests that in contrast to other developing countries
financial markets work relatively well for rural farmers in Vietnam
when exposed to shocks. We also find, however, that households that
were exposed to shocks in the past invest less in productive agricultural
assets. This is consistent with a story where more shock-exposed
households divert investment away from agriculture to avoid the
downside risk associated with exposure to weather shocks in the future.
These households end up worse off in terms of food consumption sug-
gesting that these strategies could have long-term consequences for
household welfare. Moreover, we find that the negative effect on in-
come of short-term shocks is increasing in the extent of past shock
exposure.

The rest of this study is organized as follows. Section 2 describes our
data, while Section 3 presents the empirical approach. Section 4 pre-
sents the results while Section 5 concludes and offers some policy im-
plications that are applicable in other similar settings.

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 2700 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 over-
seen by our collaborating partner, the Institute of Labor Science and
Social Affairs (ILSSA). VARHS collects a broad range of detailed in-
formation about economic and social aspects of the lives of households
in these rural provinces, including data on agricultural production, li-
velihoods, and financial aspects. The definition of each of the variables
used in our analysis and summary statistics for our sample in each year
are presented in Tables A1–A4 of the Appendix.

We use the sub-sample of crop-producing households in VARHS,
which account for approximately 82 per cent of the total sample. We
define crop-producing households as those that produced crops in any
of the survey rounds. 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 and typhoons. The proportion of households in our sample
exposed to such shocks in each year is also presented in Table 1. In
2008, 46.4 per cent of the households experienced such a shock. This
declined consistently over the sample period with only 21.9 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 crop
production, although this is unlikely to be the case given that only 16
per cent of households that stopped crop 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.

3 We use the absolute value to account for the fact that both large positive and
negative deviations in rainfall levels can lead to crop-related income losses.

4 Productive assets include the value of land, livestock, agricultural equip-
ment and other equipment. Non-productive assets include liquid savings, stored
crops and consumption durables.
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This caveat, nonetheless, should be borne in mind when interpreting
the results.

We measure past exposure to weather shocks as the absolute value
of the deviation of the three-year lag of rainfall in the commune from
the previous six-year average. A lag length of three is chosen as the
measure of recently realized shocks is any shocks that occurred in the
previous two years. This implies that in 2008, for example, the measure
of past exposure to weather shocks is the absolute value of the deviation
of the level of rainfall experienced in 2005 from the average level of
rainfall experienced between 2000 and 2005. We use the absolute value
to account for the fact that large deviations in rainfall, whether positive
or negative, can have negative implications for crop 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 centered on
0.25°. We extract the data for Viet Nam for the 2000 to 2014 period and
match them to each commune in the VARHS dataset. Table A5 of the
Appendix reports summary statistics for the average monthly rainfall in
millimeters (mm) for each period of data that we use.

Summary statistics for our measure of past exposure to weather
shocks are also presented in Table 1.5 Over the sample period, the
average deviation in rainfall is 353 mm with a large variance. This
increased between 2008 and 2010 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
degree of exposure to shocks over the longer term and the recent in-
cidence of shocks. We divide the past rainfall deviation measure into
quantiles with lower quantiles representing lower levels of shock ex-
posure. The incidence of short-term weather-related shocks does not
appear to correlate with our measure of shock exposure over the longer
term. This could be due to the fact that households exposed to shocks
over the longer term diversify away from activities that can lead to
weather-related income losses. It also does not appear that exposure to
shocks over the longer term is related to income levels. Unsurprisingly,
and in contrast, households that experienced a recent income shock
have lower income levels. It is also the case that higher levels of past
shock exposure are associated with higher levels of household assets
while exposure to a short-term shock is associated with a much lower
level of assets, in particular productive assets.6 Exposure to shocks,
either short-term or long-term does not appear to correlate system-
atically with the household level control variables. The one exception is
the classification of households as poor by the government for the
purpose of allocating public benefits. Households exposed to short-term
shocks appear more likely to receive this classification.

3. Empirical approach

There are three steps in 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 Eq. (1):

= + + + +Y S Z uit it it i t it (1)

where Yit is the outcome of interest, Sit is an indicator variable for
whether the household experienced an income shock, Zit is a vector of
time-varying control variables, i are household fixed effects, tare time
dummies, and uit 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 in-
clusion of household fixed effects ensures that all observable and un-
observable 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 Zit further sharpens our identifi-
cation by controlling also for observable time-varying household-spe-
cific factors.We are interested as well in the shock-coping mechanisms
of households, particularly in relation to their financial assets and ac-
cess to credit. As such, we also estimate Eq. (1) with the value of dif-
ferent types of asset classes and the value of loans as outcomes.The
second step of our empirical analysis explores the extent to which ex-
posure to weather-related shocks in the past 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 Eq. (2):

= + + + + +Y v S Z uit it it it i t it (2)

where vit is our measure of past exposure to shocks as discussed above
and all the other variables are the same as for Eq. (1). In this case, the
outcomes of interest are the total level of assets, disaggregated into
what we define as productive and unproductive assets. We also examine
what exposure to shocks in the past means for household income and
food consumption using this specification. As for Eq. (1), the inclusion
of household fixed effects means that our identification comes from the
within-household variation in past exposure to shocks over time.The
third and final step examines the extent to which exposure to shocks in
the past, and by extension the past investment decisions of farmers,
buffers them against future income shocks. To examine this issue, we
extend the specification in Eq. (2) to include an interaction term be-
tween past shock exposure and the recent (within the previous 2-years)
incidence of natural shocks. This specification is given in Eq. (3):

= × + + + + + +Y v S v S Z uit it it it it it i t it (3)

In this case, the key outcomes are income and food expenditure, while
the parameter of interest is , which will allow us to determine the
extent to which adjustments made to investment decisions due to long-
term shock exposure exacerbates or mitigates the impact of more recent
shocks.

Table 1
Sample size and shock variables.

2008 2010 2012 2014 2016
n = 2278 n = 2245 n = 2760 n = 2725 n = 2669

% Crop producers 80.77 81.42 83.26 84.33 79.92
n = 1870 n = 1828 n = 2298 n = 2298 n = 2133

Shock Mean 0.464 0.448 0.317 0.249 0.219
Std. dev. 0.499 0.497 0.465 0.432 0.414

Past dev. rainfall Mean 349.67 519.66 269.05 370.98 285.26
Std. dev. 136.77 360.18 233.87 257.87 160.41

Source: Authors’ own calculations based on VARHS and the University of Delaware Global Precipitation Archive.

5 Note that we scale this measure by 1000 in the regression analysis for ease
of interpretation of the parameters.

6 There are some outliers in the asset data, particularly related to productive
assets. All of our results are robust to the exclusion of the top 90th percentile of
the asset distribution. Results available on request.
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4. Results, discussion and policy implications

We begin by examining the short-term impact of adverse income
shocks on household income and food expenditure. The results of the
specification given in Eq. (1) are presented in Table 3. We do not find
any evidence that exposure to adverse income shocks related to natural
disasters leads to a loss in household income (column 1) or food ex-
penditure (column 8). This suggests that households manage to smooth
both income and consumption and is consistent with the main theore-
tical predictions in the literature on this issue (see Townsend 1994).
Examining the sources of income provides some insight into the way in
which households adjust their behavior in response to shocks. We find
in column 2, that once households have experienced a natural shock,
the amount of income that they generate from crops falls by 7 per cent.

This is not surprising as it is crop production that is mainly affected by
natural disasters.7 This amounts to an income loss of approximately 1.3
million VND per annum or 57 USD. This loss is more than compensated
through an increase in wage income, which increases by 21.5 per cent
(approximately 7.1 million VND/300 USD), and public transfers from
the state, which increase by 45.9 per cent (approximately 2.5 million
VND/107 USD). There is also some (albeit weak) evidence of an

Table 2
Summary statistics by long-term and short-term shock exposure.

Long-term shock exposure quantile Short-term

1 2 3 4 5 No shock Shock
n = 2.104 n = 2102 n = 2058 n = 2229 n = 1934 n = 6973 n = 3454

Shock Mean 0.32 0.32 0.32 0.32 0.38
Std. dev. 0.46 0.47 0.47 0.47 0.49

Dev. past rainfall Mean 0.09 0.21 0.32 0.42 0.75 0.35 0.36
Std. dev. 0.04 0.04 0.03 0.02 0.29 0.24 0.27

Household income (million VND) Mean 84.32 85.63 90.73 86.18 73.85 91.82 69.12
Std. dev. 93.01 105.08 120.19 89.98 134.68 109.38 107.50

Food expenditure (million VND) Mean 1.82 1.86 1.65 1.89 1.83 1.88 1.68
Std. dev. 1.41 1.51 1.22 1.89 1.44 1.50 1.56

Total assets (million VND) Mean 381.48 669.86 517.37 501.53 324.48 557.22 328.72
Std. dev. 638.09 1,170.67 1,409.12 893.11 666.41 1,079.18 827.09

Productive assets (million VND)) Mean 339.56 629.37 474.55 462.82 287.55 511.32 300.03
Std. dev. 613.79 1,149.46 1,393.60 860.42 625.39 1,052.18 814.74

Unproductive assets (million VND) Mean 41.92 40.49 42.81 38.71 36.94 45.90 28.69
Std. dev. 108.10 138.48 78.78 113.42 100.28 123.34 74.24

Total loans (million VND) Mean 20.82 32.25 22.35 26.86 25.06 27.42 21.64
Std. dev. 69.71 141.52 96.22 109.98 82.42 120.69 53.72

Education per capita Mean 8.40 8.36 8.49 8.90 8.65 8.79 8.10
Std. dev. 2.79 2.83 2.88 2.58 2.66 2.67 2.87

Household size Mean 4.19 4.40 4.41 4.29 4.20 4.13 4.64
Std. dev. 1.75 1.70 1.80 1.79 1.71 1.73 1.75

Sex HoH Mean 0.77 0.82 0.80 0.79 0.77 0.76 0.84
Std. dev. 0.42 0.39 0.40 0.41 0.42 0.42 0.36

Married HoH Mean 0.79 0.82 0.84 0.81 0.79 0.79 0.86
Std. dev. 0.41 0.38 0.36 0.39 0.41 0.41 0.35

Age HoH Mean 52.94 51.36 52.62 52.21 53.94 53.46 50.82
Std. dev. 14.82 13.31 13.70 13.13 14.40 14.35 12.74

Active HH members Mean 2.73 2.91 2.79 2.73 2.72 2.63 3.07
Std. dev. 1.55 1.49 1.49 1.52 1.58 1.52 1.49

Classified as poor Mean 0.14 0.13 0.12 0.13 0.16 0.11 0.19
Std. dev. 0.35 0.34 0.33 0.34 0.36 0.32 0.39

Source: Authors’ own calculations based on VARHS.

Table 3
Impact of shocks on income and consumption.

(1) (2) (3) (4) (5) (6) (7) (8)
Total income Crops Livestock Wage HH enterprise Transfers (private) Transfers (public) Food

Shock −0.047 −0.070*** 0.201* 0.215** 0.009 0.134 0.459*** −0.007
(0.031) (0.021) (0.107) (0.104) (0.110) (0.134) (0.091) (0.018)

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 10,427 10,427 10,427 10,427 10,427 10,427 10,427 10,427
R-squared 0.232 0.871 0.048 0.057 0.089 0.019 0.035 0.059
Number of HHs 2,344 2,344 2,344 2,344 2,344 2,344 2,344 2,344

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 Disaggregated data on self-reported shocks are available for the 2012–2016
period. As a check on the specific type of shock driving these results we run the
same set of regressions with the shock variable disaggregated into three cate-
gories, floods, droughts and other natural disasters. We find that for this sub-
sample droughts have a negative income effect while households appear to be
more capable of coping with flooding.
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increase in income from livestock suggesting that households also di-
versify their sources of agricultural income in the face of a shock. This
amounts to approximately 1.2 million VND (51 USD). The coefficient,
however, is only statistically significant at the 10 per cent level.8In
Table 4, we explore the extent to which households deplete their assets
in response to a natural shock. The dependent variable in each case is
the real value of the assets held. 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 increase
their stock of livestock (column 3) and equipment, agricultural (column
4) and other types of equipment (column 5).9 Livestock is often con-
sidered a buffer stock against shocks given that it is not (generally)
impacted by weather events.10 Increased investment in equipment is
likely due to the need to replace damaged items after the shock.11

Households also draw down savings (column 6) and take out loans
(column 8).Disaggregating by formal and informal sources of savings
and credit in Table 5 reveals that households reduce their informal
savings and increase loans from both informal and formal sources.12

This suggests that in times of crisis households in Vietnam can rely on
financial markets to smooth consumption (see also Barslund and Tarp,
2008). This is in contrast to many other low-income settings where
many households, in particular the poor, are often credit constrained
(Banerjee and Duflo, 2004; Ersado et al., 2003) and is likely due to the
existence of a number of preferential lending policies in place for the
poor in Viet Nam, particularly through the Viet Nam Bank for Social
Policy (VBSP).We next turn our attention to exploring the impact of
long term shocks on asset accumulation. The key question is whether
households that have been exposed to extreme weather events in the
past change the composition of the assets that they accumulate. Table 6

relates the level of assets held by households to the measure of past
shock exposure, namely their exposure to deviations in average rainfall
levels in the past.13 Our hypothesis is that over the longer-term ex-
posure to rainfall shocks could cause farmers to take risk-mitigating
actions leading them to change their asset portfolio.As revealed in
Table 6, the more households are exposed to deviations in rainfall in the
past the less assets they accumulate. We disaggregate assets into pro-
ductive assets, which include the value of land, livestock, agricultural
equipment and other equipment, and non-productive assets which in-
clude liquid savings, stored crops and consumption durables Columns 2
and 3 respectively show a negative relationship between past shock
exposure and productive asset accumulation but a positive relationship

Table 4
Impact of shocks on the level of assets held.

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Total assets Land Livestock Equip (ag) Equip (other) Savings Crop storage Durables Loans

Shock 0.037 0.182* 0.608*** 0.240*** 0.095* −0.487*** −0.057 0.042 0.672***
(0.045) (0.105) (0.088) (0.089) (0.054) (0.128) (0.062) (0.040) (0.128)

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 10,427 10,427 10,427 10,427 10,427 10,427 10,427 10,427 10,427
R-squared 0.090 0.046 0.047 0.050 0.406 0.122 0.368 0.460 0.041
Number of HHs 2,344 2,344 2,344 2,344 2,344 2,344 2,344 2,344 2,344

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 5
Impact of shocks on savings and credit.

(1) (2) (3) (4)
Change in: Informal

savings
Formal
savings

Informal
credit

Formal credit

Shock 0.119* −0.105 0.318*** 0.320***
(0.067) (0.076) (0.106) (0.094)

Household FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
HH controls Yes Yes Yes Yes
Observations 10,427 10,427 10,427 10,427
R-squared 0.014 0.021 0.018 0.015
Number of HHs 2,344 2,344 2,344 2,344

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 exposure to long-term shocks on asset accumulation.

(1) (2) (3)
Total assets Productive assets Unproductive assets

Past dev. rainfall −0.347*** −0.382*** 0.173**
(0.099) (0.143) (0.076)

Shock 0.034 0.128** −0.134***
(0.045) (0.060) (0.033)

Household FE Yes Yes Yes
Time FE Yes Yes Yes
HH controls Yes Yes Yes
Observations 10,427 10,427 10,427
R-squared 0.093 0.053 0.065
Number of HHs 2,344 2,344 2,344

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.

8 Taken together these findings would suggest that these households are
around 8.4 million VND (400 USD) better off. Average annual incomes for the
sample period are approximately 84 million VND or 3600 USD so this would
represent an increase in income of around 11 per cent. We do not put any
weight on this given that the effect of recent shock exposure on overall income
is not statistically significant (column 1 of Table 3) suggesting that when ag-
gregated across all sources of incomes losses and gains cancel each other out.

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

10 Rosenzweig and Wolpin (1993) propose that in the absence of risk miti-
gation 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.

11 There is also some weak evidence that the value of land holdings increase.
This is due to an increase in the value of land. The incidence of a shock has no
effect on the size of land holdings (results not presented but available on re-
quest). If farming land is destroyed as a result of a natural disaster it is likely
that the value of any unaffected land will increase due to the shock in supply.

12 Results for formal and informal savings are not statistically significant.

13 Our results are robust to the use of other lag lengths although not all
coefficients are statistically in all instances. The story, however, remains the
same regardless of which lag-length is used. Results available on request.
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with the level of unproductive assets. The magnitude of the coefficient
is also qualitatively meaningful; a 100 mm increase in the deviation of
rainfall from its previous 6-year average is associated with a 3.5 per
cent decrease in the value of assets (equivalent to approximately 22
million VND or 950 USD).As discussed above, households that have
been exposed to weather-related shocks may be less likely to invest in
inputs and other productive assets that have a significant downside risk.
The perceived probability of adverse weather events in the future is
likely to be higher for these households given their past experience and
so they are aware of the risk of losing the returns of any investment
made should such an even occur and their crop fail (Emerick et al.
2016). They therefore may be more likely to invest their money in other
types of assets that they can draw down in the event of a shock. Our
findings provide suggestive evidence that this is the case in our con-
text.In Table 7, we investigate the extent to which past exposure to
shocks has negative consequences for contemporaneous income and
food expenditure. Column 1 reveals that the extent of exposure to
shocks in the past is not related to households’ current income levels. In
column 2, however, we find a negative relationship between past shock
exposure and food consumption. This suggests that while households
may recover shocks experienced in the past in terms of income levels,
they are in general worse off in terms of actual consumption over the
longer term. Our findings in Table 6 suggest that households exposed to
shocks in the past have lower levels of assets, in particular productive
assets. While we cannot know the motivation for these households di-
vesting in these assets we hypothesize that it is part of a risk-mitigating
strategy to prevent future weather-related income shocks from occur-
ring. The fact that we find that exposure to shocks in the past has no
impact on contemporaneous income levels suggests that this strategy
pays-off. Indeed, we find that of the households in the top 25th per-
centile of the distribution of the long-term shock measure (i.e. those
more exposed to shocks in the past) only 25 per cent experienced a
short-term shock in the period of our sample. This suggests that a large
proportion of these households do manage to protect themselves
against future income shocks. However, it appears to come at a cost of
lower consumption levels suggesting that such a strategy could have a
longer-term negative effect on household welfare.In the final step of our
analysis, we consider whether households that have been exposed to
shocks in the past are better able to cope in the event of a short-term
income shock. We explore this possibility by including an interaction
term between the past shock exposure measure and the recent occur-
rence of a natural shock in the previous two-year period. The results for
income and food expenditure are presented respectively in columns 3
and 4 of Table 7.We find that the greater the extent of shock exposure in
the past, the less able households are to cope with future shocks. This is
indicated by the large negative and statistically significant effect of the

interaction term. It implies that if an actual shock is realized, the ne-
gative effect on income is increasing in the level of past shock exposure.
While households exposed to shocks in the past are less likely to ex-
perience short-term shocks, those that do fare much worse in terms of
the income loss experienced. It is worth noting that once the interaction
term is included the level effect on the measure of past shock exposure
is positive and statistically significant suggesting that those households
exposed to shocks in the past that have managed to shield themselves
from short-term shocks, are doing well in terms of income. This is not
the case, however, for food consumption. In column 4 we see that the
negative effect of exposure to shocks in the past on food consumption
does not vary with the realization of shocks in the short-term.A key
general policy implication of our results is that well-functioning fi-
nancial markets, as is the case in Viet Nam, are critically important in
helping households to smooth income and consumption in the after-
math of a natural shock. Government policy should keep that insight in
focus. Over the longer term, however, exposure to shocks alters
households’ investment decisions. This leads to lower levels of invest-
ment in productive assets, and this has negative welfare implications for
these households in terms of reduced food consumption in the longer
term. If, as our results suggest, households make these decisions to
eliminate the downside risk associated with agricultural production in
uncertain climates, then policy measures that remove this risk would
help farmers to allocate resources more efficiently. Future research is
needed to ascertain what specific instruments could be effective giving
careful consideration to their costs and benefits as compared with
standard financial instruments. Examples include rainfall insurance (see
Cole and Xiong, 2015; Dercon et al., 2014; Karlan et al., 2014, for ex-
ample)14, or new technologies that eliminate the downside risk
(Emerick et al., 2016). Innovations of this kind are promising, parti-
cularly in rural settings such as that studied here, where agriculture
remains an important sector, and vulnerability to climate change and
increasing weather variability are significant challenges. In addition, a
key implication is that a port-folio of complementary shock-coping in-
struments that can be adjusted to cater for the particular circumstances
of the farmer is likely to work best, including, for example, credit and
savings to cater for small and frequent shocks and insurance instru-
ments to cover larger infrequent shocks.

5. Conclusions

This study explored the impact that exposure to uninsured weather-
related shocks has on the production decisions and welfare outcomes of
rural households. This included examining the impact of recent short-
term shocks on household income and food consumption and an ex-
ploration of the shock-coping mechanisms of households. We also fo-
cused on the long-term effect of exposure to weather-related shocks, in
particular in terms of its impact on the types of assets that households
invest in and later welfare outcomes.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 households in a vulnerable setting. We found
that households manage to smooth income and consumption in the
short term when exposed to weather-related shocks and that the main
mechanism for achieving this is to deplete savings and take out loans.It
emerged that past exposure to weather-related shocks over the longer
term 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 in the literature which show that in the face of uninsurable

Table 7
Impact of risk on income and consumption.

(1) (2) (3) (4)
Total income Food Total Income Food

Past dev. rainfall −0.052 −0.093** 0.251** −0.091**
(0.071) (0.039) (0.119) (0.041)

Shock −0.058* −0.008 0.269*** −0.007
(0.030) (0.018) (0.083) (0.029)

Shock × past dev. rain −0.850*** −0.003
(0.205) (0.055)

Household FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
HH controls Yes Yes Yes Yes
Observations 10,427 10,427 10,427 10,427
R-squared 0.221 0.089 0.235 0.089
Number of HHs 2,344 2,344 2,344 2,344

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.

14 The difficulties, however, in rolling out agricultural insurance, both in
terms of supply-side and demand-side constraints, should not be under-
estimated. 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.
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risks households divert resources away from risky income-producing
assets and invest more in the form of precautionary savings.Overall, our
results suggest that households that are exposed to shocks invest less in
productive assets. We hypothesize that this is part of a risk-mitigating
strategy where households divest away from activities where incomes
generated are more vulnerable to weather-related shocks. This trans-
lates into lower levels of food consumption suggesting a negative effect
on household welfare over the longer term. It emerged as well that
while many households exposed to shocks in the past manage to avoid
future weather-related income shocks, those that do not experience
significant income losses. In other words, arguably unproductive in-
vestments made by households exposed to shocks in the past do not

appear to pay off if future weather-related shocks occur.
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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

Outcomes: All included in log form
Total income Total annual household income
Crop income Annual income from crops
Livestock income Annual income from livestock
Other ag. income Annual income from other agricultural enterprises
Wage income Annual income from a wage
HH enterprise income Annual income from household enterprises
Rental income Annual income from renting out land or other assets
Private transfers Annual income from private transfers
Public transfers Annual income from public transfers
Food expenditure Total household food expenditure
Total assets (log) Total value of assets
Productive assets Value of assets that are productive
Unproductive assets Value of assets that are unproductive
Land Value of assets in land (productive)
Livestock Value of assets in livestock (productive)
Equipment (ag.) Value of assets in agricultural equipment (productive)
Equipment (other) Value of assets in other equipment (productive)
Savings Value of assets in liquid savings (unproductive)
Crops stored Value of assets in crop storage (unproductive)
Durables Value of assets in consumption durables (unproductive)
Total loans 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
Millions VND n = 1870 n = 1828 n = 2298 n = 2298 n = 2133

Total income Mean 65.774 75.439 73.555 96.418 106.672
Std. dev. 70.874 130.110 125.329 43.871 103.343

Income from crops Mean 20.408 14.365 17.711 18.904 19.283
Std. dev. 37.603 25.727 37.309 43.871 50.797

Income from livestock Mean 5.142 5.296 5.666 7.372 6.125
Std. dev. 12.275 13.105 18.843 29.077 18.601

Income from other ag. Mean 2.809 4.010 2.387 2.802 0.957
Std. dev. 13.038 29.084 9.325 17.064 4.041

Income from wage Mean 26.894 30.508 27.045 36.586 43.715
Std. dev. 42.941 45.636 38.515 52.399 57.869

Income from HH enterprise Mean 11.914 17.058 12.952 17.433 23.676
Std. dev. 43.723 117.670 108.306 63.275 73.891

Income from rent Mean 0.316 0.474 0.231 0.541 0.699
Std. dev. 4.125 4.939 2.791 4.782 9.006

Private transfers Mean 6.025 7.086 5.872 7.434 7.016
Std. dev. 28.130 21.127 17.421 22.532 17.181

Public transfers Mean 3.683 5.612 4.228 6.538 7.284
Std. dev. 11.078 15.895 17.129 18.978 26.412

Food expenditure Mean 2.056 1.740 1.885 1.657 1.746
Std. dev. 2.086 1.179 1.398 1.221 1.582

Source: Authors’ own calculations based on VARHS.
Note: We do not include the regression results for income from other agricultural enterprises or income from rent. The make up a very small proportion of household
income and the results in all cases are statistically insignificant.

Table A3
Summary statistics for value of assets.

2008 2010 2012 2014 2016
Millions VND n = 1870 n = 1828 n = 2298 n = 1640 n = 1447

Total assets Mean 284.622 446.034 533.596 557.456 546.675
Std. dev. 769.997 1472.370 954.058 868.016 868.696

Productive assets Mean 256.379 409.576 488.234 509.774 506.414
Std. dev. 745.572 1450.316 925.747 839.711 853.490

Unproductive assets Mean 28.243 36.458 45.362 47.682 40.260
Std. dev. 89.026 81.288 141.674 114.931 101.514

Land Mean 222.782 371.763 456.527 474.345 484.578
Std. dev. 717.098 1424.783 918.732 831.793 849.454

Livestock Mean 14.710 13.231 13.592 18.176 21.642
Std. dev. 32.890 27.629 32.556 55.595 0.068

Equipment (ag.) Mean 2.357 2.481 1.701 2.538 0.043
Std. dev. 13.422 12.090 8.932 19.279 0.068

Equipment (other) Mean 16.529 22.101 16.413 14.715 0.151
Std. dev. 137.665 227.283 72.576 32.424 0.262

Savings Mean 17.615 27.894 37.188 37.167 37.257
Std. dev. 67.172 77.820 139.687 96.064 101.622

Crop storage Mean 6.297 3.604 2.904 2.868 2.733
Std. dev. 54.628 11.152 4.637 5.611 5.278

Durables Mean 4.331 4.960 5.269 7.646 0.271
Std. dev. 5.141 5.990 6.404 53.978 0.435

Loans Mean 24.318 29.106 26.810 22.126 25.684
Std. dev. 67.429 93.579 134.856 103.729 98.183

Source: Authors’ own calculations based on VARHS.
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Table A4
Summary statistics for control variables.

2008 2010 2012 2014 2016
n = 1506 n = 1450 n = 1694 n = 1640 n = 1447

Education per capita Mean 8.181 8.297 8.470 8.700 9.092
Std. dev. 2.898 2.812 2.758 2.731 2.511

Household size Mean 4.621 4.372 4.258 4.199 4.111
Std. dev. 1.762 1.733 1.718 1.742 1.772

Sex HoH Mean 0.801 0.794 0.802 0.785 0.775
Std. dev. 0.400 0.404 0.399 0.411 0.418

Married HoH Mean 0.830 0.823 0.813 0.809 0.792
Std. dev. 0.376 0.382 0.390 0.394 0.406

Age HoH Mean 51.437 52.926 51.286 52.920 54.358
Std. dev. 13.416 13.068 14.297 14.174 14.035

Active HH members Mean 3.024 2.887 2.763 2.690 2.571
Std. dev. 1.533 1.514 1.501 1.510 1.538

Classified as poor Mean 0.203 0.137 0.182 0.130 0.047
Std. dev. 0.402 0.344 0.386 0.337 0.211

Source: Authors’ own calculations based on VARHS.

Table A5
Summary statistics for rainfall.

Rainfall in mm Mean Std. Dev. Min. Max

2000 1826.04 484.46 920.40 3064.60
2001 1885.40 348.00 1179.70 2560.80
2002 1582.98 351.25 951.90 2525.60
2003 1671.90 235.06 1146.30 2574.30
2004 1574.02 255.32 856.70 2423.30
2005 1813.17 250.52 1313.90 2599.90
2006 1631.44 324.06 903.20 2750.60
2007 1924.80 495.38 1264.20 3534.90
2008 2097.69 340.07 1345.80 3081.40
2009 1679.18 440.60 946.10 3066.90
2010 1766.58 409.32 989.30 2895.40
2011 1904.96 549.05 1156.80 3472.50
2012 1790.62 260.60 1057.50 2721.80
2013 1831.18 297.74 1177.00 2715.80

Source: Authors’ own calculations based on VARHS and the University of Delaware Global Precipitation Archive.
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