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Abstract:

Thisstudy examinethe welfare effects of natural disasters in a country setting using spatially
disaggregated disaster maps derived from first hand meteorological dateng so helps mitigate
issues of endogeneityat arisein the absence of sufficientlphg national household panel data
whenestimating thewelfare effect of natural disasters with the more commoniged(subjective)
disaster measures. In additiogpatial correlatioris alsoaccounted for Application to repeated
crosssectional nationaliving standard measurement surveys (2002, 2@0vi2006) from Vietnam
indicates thatshort run losses can be substantial, with riverine floods causing welfare losses of up to
23 percent and hurricanes reducing welfare by upSgercentinside cities vith a population over
500,000 Households are better able to cope with the short run effects of droudhtse arealso
important long run negative effectin Vietnam mostly so for droughts and hurrican&nally,
geographical differentiation in the Wfare effects across space and disaster appears linked to the
functioning of the disaster relief system, which has so far largjelyedhouseholds irareas
regularlyaffected by hurricane force wingdsesulting in ever greater havdxy each subsequent
hurricane.
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1 Natural Disasters and Welfare

As the world prepares for a changing climate and natural disasters hit with increasing
frequency(UNISDR, 2009), there is growing interest in understanding how natural disasters affect
economies and their peopleAburgeoninditerature has emerged in responstocused on the
effects of natural disasters on economic development and gromttstly usng the Emergency
Events Database (EBMIAT) as informatiobase(Cavallo and Noy, 2009). So far, the empirical results
haveremaired largely inconclusive, with some studies pointing to a positive or no impact on
economic growth and others highlighting tegistence of substantial negative effeéts.

Another, more longstanding approach to explore the costs associated with natural disasters
has been to estimate their effects on household welfare. While household based estimates of the
welfare effects of natual disasters are less apt at capturing fb# economy wide effects, they are
more adept at capturing thenore immediate household welfalesses including those associated
with localized event§Christiaensen and Subbarao, 2005; Dercon, Hoddinott, asidéanna,

2005), provide insights in how households cope (Dercon, 2002; Hasegawa, 2010), and yield
important information for improved targeting of interventions (Jayne et al., 2002). This knowledge

is important as the impact on individual households bardevastating, even though small in terms

of GDP. Given adequate data (and appropriate econometric instruments), they also allow estimation
of the effectiveness of different interventions in mitigating the effects of natural disasters (Yamano,
Alderman, ad Christiaensen, 2005). Miestudies of natural disasters can further shed light on the
channels through which natural disasters affect household welfare both in the short and lang run
Such channels include thass of assets (McPeak, 2004), the lolsBuman capital (Wagstaff, 2007;
Pdrtner, 2010), and changesproduct (food) andabor markes (Mueller and Osgood, 2009).

Alsolittle attention has been paid to the implications of the way natural disasters are
measuredor the measurement of theieffects both in the macro and the micHiterature. The EM
DAT database, which is the only internationally comparable data available on disasters, dontains
examplenot only limited information about the events, but also many milder events affecting
relatively small areas. This exacerbates the challenges in identifying the effects of natural disasters
empirically at the macrdevel (Cavallo and Noy, 2009More importantly,the criteria for
inclusiort a natural disaster is a natural situation or evarhich overwhelms local capacity and/or
necessitates a request for external assistanocender these measures of natural disaster
endogenous in growth regressions. As the occurren@nef/ent, thus defined,s correlated with
the likelihood of the evenhappening, it is also relataslith the ability of the country to cope with
extreme events, and thus its level of development and the quality of its institutions (Noy,, 2009)

3 Loyaza et al. (2009) go some way in reconciling these conflicting results by disaggregating the effects by type
of natural disaster, economic sector and level of development.

*The authors caution in particall that the increase in natural disasters reflected in the-BMI database may
simply follow from the improved recording of milder events.

® For a disaster to be entered into the HMAT database, at least one of the following criteria must be met: 1)

10 ormore people are reported killed; 2) 100 people are reported affected; 3) a state of emergency is

declared; or 4) a call for international assistance is issued. Disasters can bargtéarological, including

floods, wave surges, storms, droughts, lesides, and avalanches; geophysical, including earthquakes,

tsunamis, and volcanic eruptions; and biological, covering epidemics and insect infestations.



which often affect the growth rate itselfSubjective measures of shocks arshstier§, which are
standard in micrestudies, suffer from similar deficiencies. Unobserved individual characteristics
may induce households to report shocks more or less frequently, while also affecting their welfare
directly.

This study complements therosscountry, macro literature with a countdgased, micro
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combines geaeferenced meteorological data from rainfall stations and storm tracks with
househotl consumption and other household and location characteristics from repeated nationally
representative household surveys and secondiatasources to estimate the effect of extreme
weather events on household welfare. The use of meteorological datardemly reduce
potential estimation bias associated with the more subjective measures, it also permits the
construction of probability distributions of natural events based on their historical occurrence and
the construction of natural hazard maps througbatial extrapolation, useful for policy planning.
Furthermore, in estimating the household welfare effects using meteorological data, an estimator is
developed which simultaneously accounts for heteroskedasticity, the survey design (cluster effects),
andspatial correlation, a second contribution of the paper.

The empirical application is on Vietnam, which UNISDR (2009) réokidl in the world in
terms of theabsolute number of people exposed to flootnth interms of theabsolute number of
peopleexposed to high winds from tropical cyclonasdsixteenth interms of theabsolute numiler
of people exposed to droughfThe regular occurrence to natural disasters together with the
availability of three highly comparable nationally representative hbosetliving standard surveys
(20022004-2006) render Vietnam particularly suitable to explore the approach advanced in this
paper. The study examines in particular the immediate and enduring welfare effects of droughts,
heavy rainfall, floods and stormsciuding the welfare loss from adaptation to frequent exposure to
these hazardand reflects on thaifferent strategies used to cope with each of these hazards.

The results suggestat the immediate losses from floods and hurricanes can be substantial,
with hurricanes causing most havoc (up to 72 percent consumption loss among households close to
large urban centers)Frequent exposure to disasters further erodes the standard of living.
Nonethelesshouseholds living areas frequently exposeddealizedand riverine floodgend to
cope better with any particular event, including through thevelopment of disaster relief systems.
There is however no adaptation to hurricanes, rather the contrary, with high frequency of hurricanes
exacerbating the lossesoim particular events. Rally,those further away from the large urban
centers often enjoy more disaster relief which appears to mitigate the current and lorgffiests
of natural hazards

The next section outlines the approach used to obtain geografihidisaggregated estimates
of droughts, heavy rainfall, river floods and storms with hurricane force. Section three reviews the
empirical methodology. Section four presents the empirical findings and section five concludes.

® These are typically derived from answers to a shock module incorporated in household questionriairgs as
respondents whether they experienced different types of shocks over a certain period (e.g. a drought, a flood,
- Ad2NX¥VzZ X0o



2 Mapping Natural Hazards

Viel ¥ | Y Q &NationahStrategy for Natural Disaster Prevention, Response and Mitigation
to 202¢ identifies droughts, floods, and cyclones as its most important natural hazards. Landslides
are mentionedas well One strategy to determine whether a housddhin a particular location has
been affected by an extreme weather event is to ask households directly. In contrast to external
measures of extreme weather events derived from spatially scattered weather stations or satellite
data, selfreported shock masures have the advantage of belngallymore accurate for the
recent past, households know whether they experienced an extreme weather event or not. They
also circumvent the challenge of identifying the -ciit beyond which a particular meteorological
variable or combination of meteorological variables constitutes an extreme weather evemthea.
is rainfalltoo much or too little rainfallwhen are winds damaging, when are temperatures too high

Yet not only are subjectively reported shock modwéen not included in standard
household surveys, they also raises issues of endogeneity, especially when incorporated in
consumption regressions. These can typically only be overcome through the use of panel data, which
are rarely available at the natiohkevel. The location, time, and household specificity of the
subjective shock data also limits generalizations over time and across gpaoetrast, kowledge
of the historical distribution of weather patterns allows the construction of probabilgyrithutions
of weather events, useful to explore patterns of adaptation over time, and important in controlling
for potential endogeneity of the extreme weather event measures in the absence of panel data.
Interpolation of the extreme weather event datarass space further permits the construction of
natural hazard maps, a useful tool in the spatial allocation of interventions and the simulation of the
welfare effects of changing climate patterns.

Several global meteorological databases are availableighaovith the exception of the
cyclone databases (UNEP/GHirope, 2007a,b), they typically do not have a high resolution. This
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across the country to genate geographically disaggregated rainfall maps at thedegree

resolution (corresponding nominally to 11 km at the equafofhese data form the basis to derive
georeferenced local measures of drought and localized floods/heavy rainfall. To alsmwecapt

riverine floods, which for example can happen further downstream following heavy rainfall in the
mountains oras a result oftorm surges in coastal areas, additional flood indicators will be used
derived from the satellite based flood data from therda@outh Flood Observatory (DFO) (2008).

The 19862006 geereferenced UNEP/GRIBurope storm track dataset is used to separately explore
the effects from high winds and gusts from cyclones. As the damage from heavy rainfall associated
with cyclones will aéady be captured by the localized and riverine flood indicators, these measures
will capture the wind damage associated with cyclohes.

Rainfall maps

"The frequently used CRU TS2.1 monthly rainfall database (Mitchell and Jones, 2005) only has a half degree
resolution, whichs around 55 kilometers at the equator.
® See Thomas (2009) for a detailed description of the different data sources and a more elaborate description
of the construction of the different natural hazard maps.



To construct spatially disaggregated indicators of drought and excess rainfall, the weather
station datamust first be spatially interpolated and caffs must be determined beyond which
precipitation is considered too little or too much. Spatial interpolation of weather data is a
discipline in itself which has developed an array of techniques that gotrermost crude and
obvious (such as the nearest neighbor technidyésthe more precise and resource intensive (such
as the radial basis function® Nonetheless, as the complexity of the techniques increase, they also
display rapidly decreasing retwstin terms of precision given resources spenAs the focus of the
paper is not on constructing highly accurate rainfall maps as such, necessary for example for the
design of weather index insurance programs, but rather on the household welfare effageather
related events, a pragmatic approach has been pursued here, aimed at minimizing measurement
error of the disaggregated rainfall measures at a reasonable cost, while maintaining maximum
replicabilityof the approach in other settings

In particula, using the historical daily rainfall recordger 19802006 in 166 geoeferenced
weather stations from across Vietnam (see Figulg monthly rainfall grids of 0.1 degree resolution
are constructe using both inverse distance weighting (IDW) and inverse elevation difference
weighting (IEW)In IDW, one of the most widely used spatial interpolation techniques in practice
(Tomczak, 2003), the rainfall value in a particular grid cell is obtainec agdiighted average of the
rainfall data from a predetermined set of neighboring weather stations (e.g. the 5 closest or all
neighboring stations within a certain distance) using the inverse distance between the station and
the center of the grid cell (raésl to a power) as weight and normalized by the sum of the weihts.
The squared inverse distance to the five nearest stations for which data were available was chosen
in the empirical application below. IDW exploits the intuition that the further awaysth#on is, the
less its rainfall pattern will resemble this at the point of interest. However, even over short distances
rainfall patterns can still diverge widely, especially among locations at different altitudes
(Hutchinson, 2003). Given its mountairs range, high slope gradients are frequently observed in

°The nearest neighbour method assigns the value of the weather station nearest to the gridcell center.

1% Radial basis functions are functions of distance used for exact interpolation of point data. They attempt to
overlay a smooth surface on the point datallowing for various degrees of bending in that surface through a
smoothing parameter that is specified by the researcher. Common radial basis functions grkataispline

and multiquadratic functions. See De Smith et al. (2007) for a comprehdesgib®ok that is reasonably
accessible.

Yina comparison of the performance of different interpolation techniques on rainfall data from May 8 1986

in Switzerland, the latter was found to be the most precise (Dubois, 2003). Yet, as highlighted byabdbois
Shilbi (2003), at 5.93 mm, the root mean square error (RMSE) for the multiquadratic function was only slightly
better than this for IDW (6.3 mm), which is negligible compared to the average rainfall of 18.51 mm among the
367 omitted data points for wikh rainfall was interpolated from the remaining 100 rainfall stations.

The average distance between rainfall stations is 32 km.

B While the satellite based rainfall maps produced by CPC/NOAA could also be used in principle, they only
dated back to 2001preventing us from constructing disaggregated historical rainfall patterns, necessary to
explore patterns of adaptation. There is an additional concern as the satellite based CPC / NOAA data for
Vietnam appear calibrated on a rather small number of raisfations (10 or so) from within Vietnam.

“To be preciseDO® i ® B

i with r(x) the inverse distance weighted rainfall at interpolated

point x, based on observed rainfall valugb i {1 IF'nXm> X3 b 1Yy 2@oitsh withSNILIRt | GAy3
0 ——as weight, xan interpolating (known) point, d a given (Euclidean) distance from the known

point X to the unknown point x and p a positive real number, the power parameter.



Vietnam, with some grids displaying within grid elevation differences of more than 1,000 meters. To
exploit this largely neglected insight (Dubois and Shilbi, 2003), an elevation difference weighte
rainfall index based on the ten nearest stations is also construtted.

The relative importance of both the IDW and IEW indices in determining rainfall in a grid is
subsequently estimated through an ordinary least square regression of the log of thevetbser
monthly rainfall patterns in the 166 stations during 198306 on the log of their IDW and the log of
their IEW index, monthly dummies and their interactions to allow for monthly variations in the
relative importance of both indice$.The regression giained 76.8 percent of the observed
variation in the monthly rainfall records from these stationss(ared = 0.768), which provides
some confidence in the predictive power of the methiddThe IEW index carries substantially more
weight in predicting renfall during the wetter months (Aprilovember), while the IDW index is also
important in predicting rainfall during the dry months (Decembfarch). An estimate of monthly
rainfall for each grid cell was obtained by applying the estimated coefficiefiatle Al to their
respective IEW and IDW indices. By way of illustration, Figure 1 presents the interpolated rainfall
map for June 2006, both based on the regression prediction method and the IDW and IEW indices
separately.

Drought maps

While Vietnam des receive large amounts of rainfall on average, moderate and severe
droughts occur across the country, albeit with diverging frequency. They are more common and
more severe in the Northeastern part of the country and the Red River Delta, but have afso bee
reported in the Mekong Delta in the South, despite widespread irrigdfidn.keeping with the
didzRéQa F¥20dza 2y SE23Sy2dza YSIF&adaNBa 2F F yI (dzNT €
drought, defined as rainfall deficits over extended periodsroktt® Unlike agricultural drought
indices, meteorological ones also allow exploration of(ihdirect)effects of droughts on urban
households for example through water shortages and electricity outages.

*Further corrections for anisotropy can be taken. This is important if nearness in one direction is more
important than nearness in the perpendicular direction in determining the distance weights. This may be the
case when mountain ranges are oriented atficular angles, or when prevailing winds are from a specific
direction. This has not been pursued here, given the inclusion of the elevation difference in our final
predictions and the reasonable prediction precision obtained when using both inversacissquared and
inverse elevation weighted indicators (see below).

16 By taking log transformations, negative predictions are avoided and estimation issues related to the
skewness of the rainfall data are mitigated.

" A similar degree of precision was istgred in a series of modified specifications. Using a polynomial
regression of the IEW and IDW indices reduces the root mean square error by 0.01 (from 0.764 in the current
specification). Similarly, application of the interpolation on the log or squevet transformed values

reduces the RMSE only by 0.03. Inclusion of time varying month dummies yields virtually no improvement,
while inclusion of regional dummies reduces the RMSE by 0.05.

'®The administrative regionsf Vietnamare presented in FigerO.

9 Other disciplinary conceptualizations of drought include hydrological, agricultural andeszmiomic

drought, each accounting for the effect of rainfall deficits on tmegpectivedomain of interest. Hydrological
droughts relate to shortages @fater in river systems which can be due to meteorological droughts in subsets
of the river basins but also to land use changes. Agricultural droughts consider the amount of water available
in relation to crop growth. Socieconomic droughts occur when nezirological, hydrological, or agricultural
droughts cause economic distress.



A multitude of meteorological drought indices Hasen proposed in the literature (see
Keyantash and Dracup (2002) for a review). Following Dilley et al (2005), the authors of the World
.yl &adtwaREsaster Hotspots: A Global Risk AnalyZis (0 KS Odzydzf | GAGS LINBOA
index is taken, &. the deviation in precipitation from a lortgrm mean or median for a specific
period of time, usually expressed as the proportiothaf long term mean or mediarit is
straightforward to calculate and does not require other meteorological input (sadkraperature
data) and thus also no additional spatial interpolation. It is also flexible. It does not impose a
distributional structure on the rainfall data, like the widely used Standardized Precipitation Index
(SPI) (McKee et al., 1993), and unlike thinfall decile index, which ranks the historically observed
rainfall in each location and considers rainfall episodes in the lowest decile(s) as droughts, the
cumulative precipitation anomaly index allows the likelihood of a drought in a particulatare
vary across space. The latter is important to explore potential adaptation to frequent drought
exposure, as will be seen later on.

In particular, the monthly rainfall estimates for each grid cell were accumulated into annual
measure&. The annual shortfall from the long term median (for the 1975 to 2006 period) was
calculated for each year and each grid cell, and expressed as a proportion of the long term median.
Figure 2 shows the proportional deviations from the long run mediathis20012006, i.e. the
current (2002, 2004, 2006) and preceding VLSS survey years.

Vietnam enjoyed above average rainfall in most of the country in 2001, with only small
patches of 280 percent below median rainfall in the Mekong River Delta and érgr@l Highlands.
In 2002, however, seriousirdall shortages were observed irfje patclesof the Mekong River
Delta. The Northcentral Coast had a serious drought in 2003, along with less substantial shortages in
the Northeastern and Northwestern Upids. In 2004, the entire nation appeared to suffer from
rainfall shortages, with severe deficiencies along the Southcentral Coast and the Central Highlands.
This is followed by a year of abundant rainfall in 2@@th onlyvery small patches of shortfall
Finally, 2006 shows moderate and severe drought along the Northcentral and Southcentral Coastal
regions, as well as the Northwestern Uplands and the Red River Delta. The wide variation in rainfall
within and across localities over the different sury@ars provides the necessary variation to
identify the effects of rainfall deficiency.

Different cutoffs below which a certain shortfall is considered a drought can be identified.
Shortfalls of 10, 20 and 30 percent or more were considered. Figures2nds the proportion of
episodes during 1973006 that rainfall was 20 percent or more below the median. Based on this
definition, areas along the coast and in the Red River Relp@ar more drought prone, and to a
lesser extent alsthose inthe MekongDelta.

Localizedxcess raimaps

Systematic and accurate information about floods at geographically disaggregated levels is
notoriously hard to come by or to construct. One of the reasons is that satellite imagery relies on
visibility, and during floosithere isusuallymuch cloud cover. Radars can see through clouds, but
have not been set aside for this purpose. Yet, floods are part and parcel of livelihoods in many parts

20 Using 4months rainfall deficits instead, excluding the 4 driest months of the year, yielded very similar maps.



of Vietnam and it is thus key to explore their welfare efféctFhis study disnguishes between
localized and regional events. Localized events are based on large amounts of rainfall in short
periods of time. Regional events arise when rivers exceed their ppotentially due to heavy
rainfall upstream or snowmelt, or in coastakas following storm surge.

Inspired by Zubair et al. (2006), who use rainfall intensity in a short period to proxy localized
flooding, daily rainfall maps were generated, obtained through spatial extrapolation of the daily
rainfall records in the rainfhstations (as opposed to the monthly rainfédita used beforeusing
the inverse distance squared weighting technidtieIn particular, rainfall was considered excessive
in a particular year if it exceeded either 300 millimeters, 450 millimeters, 80chdllimeters in any
rolling fiveday period throughout that year. By usinglay periods as opposed to monthly data, a
more refined picture of localized flooding could be constructed.

The annual occurrence of excess rain across the grid duringZ0iBlis presented in Figure
4. Figure 5 presents the proportion of years the 0.1 degree grid cells experienced at least one
episode with more than 300 mm rain in a consecutive-tiag period. The Northcentral and
Southcentral Coastal regions appear espéciaone to excess rain. Localized flooding occurred also
in the Red River Delta Region in 2003. More generally, localized flooding appears especially
concentrated along the coast. Excess rainfall is however rather rare in the northern uplands and the
souh (Southeast and Mekong River Delta regions), suggesting that excess rain is closely related to
tropical cyclones and less to riverine floods. Nonetheless, there are also small inland patches with
excess rain, spread across the country.

Riverinefloods

Given the historical importance of riverine floods in Vietnam, and the limited correlation
between the geographical distribution of localized floods and the location of the rivers, the localized
flood maps were complemented with riverine (and codstimod maps derived from flood data from
the Dartmouth Flood Dataset (Dartmouth Flood Observatory, 2008). This is an historical worldwide
flood database, showing locations of floods and their major causes (monsoonal rain, heavy rain,
tropical cyclonesfrom 1985 to 2007. They are derived from a wide variety of news, governmental,
locally gaugedand remote sensing sour¢ds Unfortunately, these maps are not very disaggregated
(ten by ten degrees in latitude and longitude). In principle, the floodinged by any of the types
of rainfall might have been picked aireadyby the localized flooding dataset. What would not be
picked up is when rainfall in one place is transported by rivers or terrain to anothergiadeen
high tides push ocean watarland.

L vietnam has 2,360 rivers and streams that are more than 1k Severe floods were recorded in 1945,

1961, 1964, 1966, 1969, 1971, 1996, 1998, 1999, 2000, and 2001. As a result, the government of Vietham has
actively applied a number of flood control methods, including reforestation, watershed protection; dykes;
reservoirs for flood regulation; flood diversion, detention and drainage systems.

2 Because the construction of interpolated daily rainfall maps was very data and time intensive, interpolation
was limited to the IDW technique only.

% Many floods have novalso been imaged by satellite or airborne sensors, and many of them have been
translated by DFO into maps of inundation events. Yet, as these satellite based maps did not cover all floods,
partly because at times the images were obscured by cloud cowepartly because not all floods have been
imaged, it was decided not to use this data source to ensure consistency.



Given the focus here on riverine and coastal floods and to better pinpoint the locations that
actually experienced riverine or coastal floods, the DFO flood maps were overlaid with the location
of the rivers taken from the Hydroshed project (Lehatal., 2008). Only the major rivers were
mapped as these will have sufficiently large catchment areas exposing the downstream areas they
traverse to (noAocalized) flooding. Riverine and coastal flood bands were then derived by
considering DFO floodeateas within 2, 5 and 8 meters elevation difference from the closest point
on the major river or the coast usindgital Elevation Moddrom GLOBE (GloBe Task team, 1999).

The recorded riverine and coastal floods using bands of 2 m elevation diféef@neach
year from 2001 to 2006 are in Figure 6. First, there is little overlap over the years between the
localized and riverine flood maps, confirming the complementary nature of both flood indicators and
the need to use both in the subsequent welfamealysis. Second, there appears extensive flooding in
the Mekong River Delta region almost every year. Third, 2005 was likely the worst year for riverine
and coastal flooding. Fourth, riverine flooding was further observed on and off in the othersgegion
in 2002 and 2005 in the northern uplands, in 2003 and 2005 in the Red River Delta region, and in all
years, but scattered around the region in the Southcentral CoaSahsistent with the events
during the 20012006 period, the historical record showsat riverine floods happen most
frequently in the Mekong and Red River Delta (Figure 7).

Cyclone maps

Tropical cyclones approach Vietnam from the east. They typically arrive during the Southeast
and Northeast monsoo(Christiaensen et al., 2009), wiBl® percent of them occurring between
June and November, and almost half of them coming ashore in the northern part of the country. To
generate annual cyclone mapsGaS dataset of areas affected by hurricane force winds was
developed from the UNEP/GRHDrope (2007a, 2007b) tropical cyclones databases. In particular,
the storm track and windpeed data were used to create symmetric polygons about each path,
based on the algorithm by Klotzbach and Gray (no déte).

The areas exposed to hurricane fomiad (of 120 km/hour)in Vietnam between 2001 and
2006 are in Figure 8, and the frequency with which they have been exposed between 1980 and 2006
is depicted in Figure 9. During the first three years, the tropical cycltidesot affect the land
much though the impact was larger in 2004 to 2006, with two separate cyclones with hurricane
force winds hitting the country in 2006. The coastal areas in the Northcentral coast and the
Northeastern Uplands appear most exposed to cyclones, with hurricane fords waturring once
every five years. Visual comparison of Figures 4 and 8 suggests that heavy rainfall was caused by the
cyclones in some cases, though not in all. There appears less correlation between coastal and
riverine flooding and cyclones. Not owly the localized and riverine flood variables not capture the
wind damage associated with cyclones, they also overlap only partially with the cyclone paths,
underscoring the need to use an additional measure to reflect damages associated with cyclones.

*The storm track dataset (UNEP/GFOrope 2007) had some missing wind speeds. These were filled in
using values obtained by regressingplvn winds speeds on pressure, pressure squared, and dummy variables
for hurricane monitoring centers. Thedguared was above 0.91, giving confidence in the predictive power of
the data and the regression.
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3 Identifying Welfare Effects from Natural Disasters

The (direct) effects of natural disasters and other shocks on household welfare are commonly
assessed by augmenting a standard reduced form consumption regression with explicit measures of
the disasters tbmselves:

T f 00 Was 0O %o - 1)
where® is a measure of consumption for a househiitl clusterc at time t, Xrepresent a series
of household, cluster and regional characteristics that deiae the level of consumptioMDare
(stochastic) measures of (covariate) natural disaster k in cluster c at tinie &, residual term.

Estimation of yields an estimate of the average effect of natural disaster k on household
consumption. Yetitferent sociceconomic groups are likely to be affected differently either
because they are less/more exposed to the disaster ex ante or because they are better/worse able
to cope with it ex post. For example, farm households with irrigated fields asdikedy affected by
droughts than those without, and the more educated may be better able to cope with natural
disasters ex post. Similarly, the reception of disaster relief or food aid may lead one to (erroneously)
conclude that there were no welfaredees associated with the disaster, even though they induced
substantial budgetary outlays elsewhere (by the local or national government) (Yamano, Alderman
and Christiaensen, 2005). To explore such heterogeneity in damage or the existence of
indirect/hidden welfare losses, natural disasters are interacted with different household and
community characteristics and assets & 0 O ).

Much of the empirical literature has so far assumed natural disaster measures to be
exogenous. Not only does thdepend on how they have been measured (objective versus
subjective, as discussed above), even when objective, meteorological measures are used, they may
still yield biased estimates, as the occurrence of a natural disaster in a locality is likely edrrelat
with the likelihood of it occurring in the first place, which may in turn affect the level of
consumption, e.g. through accumulated asset loss at the household and/or community level.
Moreover, households in localities that are frequently plagued bynahdisasters have likely
adapted to these circumstances (for example by adopting more disaster resistant, but less
remunerative portfolios (Dercon, 1998), or at times even by building successful livelihood systems
around i). The use of panel data prides the cleanest way to protect welfare estimates of natural
disasters from (time invariant) unobserved heterogeneity across communities. Howaffesiently
long panels of communitieare usually not available for large geographical areas, let alone
countries. Within community estimators are usually also less efficient given the lower-sgmaike
ratio, especially when panels are shonthich may leadio disproportionateacceptanceof the nulk
hypothesis of navelfareeffect.

Here, repeated crassections are used instead. To mitigate potential bias from unobserved
community heterogeneity, a comprehensive set of seonomic and agrecological
characteristics of the locality is included/lost importantly the likelihood of the occurrence of
different disaster typess controlled for omission of which is identified as the major causebfased
estimation of the coefficients on natural disasteExplicit inclusion of disaster exposure further
permits exploration of the occurrence of adagibn, with the frequency of disaster exposure
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hypothesized to affect the immediate effect of a particular disaster due to adaptatieduce in
case of reversion to lowisk, low return activities; increase in case of successful reversal of bad
fortunes, suctas the ability to live with regular inundationar accelerated replacement of the
capital base with more productive equipment

Empirical analysis of the effects of shocks on household welfare is furthermore often
predicated on the assumption that the obwations are independent from each other, thereby also
abstracting from spatial correlatiorBut h many casesdt seems more likely thatbservations that
are "near" in a geographic sense either influence each other more so than an observation that is fa
or that they are more influenced by the same unmeasured force than an observation that ©far.
seems especially relevant in a study of natural disasters, where their effects on welfare may
permeate across locations especially when product (ead)fand/or factor (e.g. labor) markets are
integrated® Ignoring such interactions magad toinefficientand sometime®ven inconsistent
estimates.

The contemporaneous spatial relationship between observatiotypisallyspecified using
(row standardzed) weights matrices. The weights matrix tells how observati@apresented by
values in row, relate to another observatiop given in columi. By convention, the weights matrix
assumes that the weight of observatioan observatiori is O for dli. Most analyses assume many
zeroes in the weights matriX. In part, this is because the direct interaction between distant
observations is expected to negligible. Two types of spatial models are considered: 1) a spatial lag
and 2) a spatial error. lthe spatial lag model, the dependent variable (consumption in this case) is
correlated among neighbors. In the spatial error model, it is the unknown residual that is correlated.
Ignorance of spatial lags yields biased estimates, while ignorance ddlsgratirs reduces efficiency.

Thefull spatid model @lso denoted SAC), which combines both forms of spatial correladion,
given by

[ "OAaE® O — - with- "W - o] (2)
where uy is iid normal, with mean of 0 and varianoks®V, when allowing for heteroskedasticity, or
5% otherwise). Thiscan berewritten asincg = (I¢ 71W1) " Zz + (I W) (1 ¢ 7 W) Ui,
SometimedV,; = W,; that is, the spatial relations for the lag and error are assumed to be the same.
For shorthand notation, defin& =(l ¢ r,W,) andB =(I ¢ r,W,). Equation(2) can then be written as
BAG. = BZ.z +u The parameters can be estimated by maximizing the log likelihood function:

ae b gjqa&g” £qag picags a®s aPs 3

pic, Oa& @ 6w 60a¢ v

» Trung et al. (2007) find little spatial integion of paddy markets between North and South Vietnam, but a
substantial degree of spatial price transmission within the North (Red River Delta) and South (Mekong Delta).
See (Mueller and Osgood, 2009) for the transmission of the effects of naturaiedsstgough the labor

market.

**The literature often talks about a row standardized weights matrix, which simply means each row is
normalized so that it sums to 1. This alleviates the problem with "holes" in the log determinant (Bell and
Bockstael 2000gnd it allows one to interpret the spatial parameter as a correlation measure, which in
analogy to time series, could range frefinto 1 (and in most spatial analyses, would be expected to range

from O to 1).
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The key difference with the standard log likelihood functias that it also requires calculation of
the log determinants of A and B, since these are part of the Jacobian.

One kind of spatial error that has attracted a lot of attention in household survey analysis is
the spatial error related to the clustering iha survey design (Deaton, 1997). To accommodate this
within the maximum likelihood framework considered h&re different weight matrices Ws
introduced, with two different multiplier$ .. Y Ry, which together define the spatial errand
spatial &g of the within cluster observatio$.As a result, A and B in (3) are replaced\by (I ¢
riWi ¢ reWe) andB* =(1¢ roW, ¢ reoW,), with W, the weights matrix for clustering, with zero on its
diagonal, just like the other weight matrices. In doing so, the method also improves upon most
statistical packages like Stata. They typiaaly a modified Hubewhite estimator for the variance
estimator in the case of clustering rather than trying a maximum likelihood solution. In doing so,
they do not allow for a direct impact of int@uster neighbors' dependent variables. It is assumed
that there is no spatial lag from the cluster variabléBhis assumption can be tested, but it is not
necessarily a good assumption to makpriori,as the existence of spatial lag can introduce omitted
variable bias.

Finally, to increase precision in estimating the welfare effects of natural disasters, a
heteroskedastic specification is adopted, in particular, the multiplicative heteroskedastic
specification advanced by Just and Pope (1978, 1879%,0 h, xEQE , A@b | 8
Explicit specification of the heteroskedastic nature can be actodated in the likelihood
framework and also helps shed some light on the correlates of the conditional (idiosyncratic)
variance of consumption. These can be of interest in themselves (see Christiaensen and Subbarao

*The loglikelihood function associated with (2) can be writtendaé 0 £j ¢ & & gjcacg
PicaEs pig, GEWro 64ty
%8 Fortunately, Stata allows for weighting and clustering in most of its regressions, and we will take advantage
of that capability whenever it is available.
#To see this, note that the variance matrix for a single cluster consisting of 3 surveyed hosselygitibe

given by N N N where, is the variance of each individual element gndis the
covariance within each element of the cluster. The practical difficulty in solving this in a mabikmaliimeod
framework is that this block diagonal matrix needs to be inverted at each phase of the optimization routine.
With small household surveys of a few hundred households this might be possible, but for large surveys, this is
extremely slow and imany cases it becomes too numerically intensive to run successfully. This is why
statistical packages like Stata use a modified HiWhite estimator for the variance estimator in the case of
clustering rather than trying a maximum likelihood solutiort, Yising an insight from the spatial approach,
the off-diagonal, norzero elements (i.e., the ) can be considered as a type of W matrix specifying that the
neighbors are those elements within the same cluster. This avoids having to invert the aha#ich iteration
of the maximum likelihood routine. Just to be clear, to follow the convention that W matrices have diagonal
elements of O (this is okay, because in the spatial approach we also difference a multiple of the W matrix from
the identity matix, thus restoring the diagonal elements), the previous block of the cluster matrix would be

™ ™

given as a W matrix aa® 18t 1@ with standardized row weights summing to 1.
™ T T8t
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(2005) for an application in the contieaf estimating household vulnerabilityj The log likelihood
estimation function applied to the data thus becomes:

@t Ecak'  Ecay  picawn ads ad's
pic, OaEdz 6 0 8 ddi e 4)

with V a diagonal matrix with @D | on the diagonaf’ Thomas (2010) provides a detailed
discussion of the optimization routines developed in Matlab to estimaté*(4).

4 Towards an Empirical Application

The socieeconomic data to estimate equation (4) were obtained from the Vietnam
Household Living Standard Surveys (VHLSS) of 2002, 2004, and 2006. In each round, households
were selected using a&age sampling procegs.These three survey waves provide high quality
andnationally representative household information on househadsumption and income, their
demographic characteristics, health status, educational achievements, asset holdings and the
availability of public services in the community. The latter is obtained from the community survey
which was fielded in parallel tdé household surveys. The questions in the VHLSS were similar
throughout the different surveys rendering them highly comparable.

Total per capita expenditure less per capita expenses on health care is taken as dependent
variable. Health expenditures aseibtracted as the study also controls for the effect of idiosyncratic
health shocks, proxied by the number of days spent ill indyet the past yeaby senior adults,
adults and childremespectively Inclusion of health expenditures in the overall erdiure
measure, which are highly correlated with illness, might perversely suggest an increase in welfare
following sickness. A series of standard household demographics (household siiapdhdency
ratio, the age, gender, educational status of theukehold heatf) are included to control for
K2dzaSK2f R OKI NI OGSNAaGAOa Ay RSUSNNWAYAYy3I | K2dza S
controlling for ethnicity is especially important as poverty is increasingly concentrated among ethnic

®The multiplicative specification proposed here has some particular advantages in this regard as it does not
constrain the parameters to affect the conditional mean and variance of consumption in the same direction

(Just and Pope, 1979).

3. Note that the usial Jacobiantermofa ¢ x i OA Al TAZ® | O |

% The optimization routines were written in Matlab and are available from the authors upon request.

% Communes (the primary sampling units) were selected in the first stage withbalpitity proportionate to
population size based on the 1999 Population census. On average, a commune contains 1,600 households.
Subsequently, three enumeration areas (EAs), containing about 100 households each, were randomly selected
within each communeOne of these EAs would be used to draw a sample of households in each VHLSS during
the final (third) stage. In, 2002, this resulted in a sample of 29,530 households across 2,910 communes (EAS)
(25 householdper EAIn 75% of the EAs and 5 in the remain2i6). In 2004 and 2006, three households

were selected per EA, resulting in 9,189 households in 3,061 communes. Phung and Nguyen (2008) provide a
detailed description of the questionnaire and survey design.

%0 refers to no degree, 1 to primary schootpdower secondary school, 3 to higher secondary school, 4 to
shortterm technical worker, 5 to lorterm technical worker, 6 to professional secondary school, and 7 to
college diploma and above.
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minorities, oftenf 2 OF § SR Ay *ASGYyl YQa Y2dzydl Ay2dza | NBI ao
capacity of a household to generate income and thus its consumption level, current asset levels may

be simultaneously determined with consumption, as the disposal of assetsiegjotk) may be

relied upon to cope with disasters, or they may reflect destruction by the disasters, leading to an
underestimate of the welfare effects of the latter. In the absence of information of asset ownership

prior to the survey, only those assdtst display limited variation over time were included such as

the amount of land owned and an indicator variable indicating whether the household owns a house

or not.

To reflect access to public services, indicator variables are included that takaltieeod
one if clean wate¥, sanitary latrines® or electricity are present in the community, and zero
otherwise.¢ 2 LINPE& | K2dz&ASK2f RQa AydSaNrdAaAz2y Ay GKS
further augmented with the distance difie centroid of thecommunity (in meters) to the nearest
part of the nearest primary or secondary road, as designated in the VMAPO dataset (NIMA 1997).
These measures were computed that using Arc View 3.2. In addition, the estimated travel time to
the nearest town or citpf at least 25,000 people, the nearest city of at least 100,000 people, and
the nearest city of at least 500,000 people were included. The travel tireesscomputed in Arc
View from a friction grid that assigned differitrgvel times to various classe§roads, urban areas,
water bodies, offfoad, and crossing internationabundaries®’

To further control for geological and agfecological characteristicg the community level
elevation figures were included, taken from the GLOBE 1 kilometer elewddtabase (GLOBE Task
Team et al. 1999). Elevation differences were also incorporated as a measure of terrain roughness.
These were computed using the SRTM3 data (Jarvis et al. 2006) by subtracting the minimum
elevation in a 1 kilometer grid from thearimum elevation in the 1 kilometer grid. Finally,
urban/rural and regional indicator variables help capturebserved (time invariantpcation
specific characteristics related to the urban and rural livelihood systems as well as those related to
regiond variation in the agreecological, economic and political environmeitear dummies were
included to control for the survey year.

The disaster data were mapped into the household survey data at the commung level
which are on average only 3%Bometer squared® More preciselythe centroid for each commune
was identifiedand given the highly covariate character of the different disasters, the state of nature
observedat that pointin the disaster maps asassumed tde the state of nature expeenced byall

* Two sources of water are typically distinguished in Vietnavater for direct human consumption (drinking,
cooking), and water for sanitation and maintenance purposes (washing clothes and bathing). Water is
considered clean if it comes from (1) private tap water inside the house, (2) private tap water outside th
house, (3) public tab water, (4) water pumped from deep drill wells, (5) water from-tdagand reinforced

wells, (6) rain water, (7) purchased water, or (8) water from a water tank.

% Sanitary latrines include flush toilets with septic tank/sewage gigeilabh toilets, and double vault

compost.

¥ The VMAPO (NIMA 1997) was used to obtain data on three classes of roads: 1) divided highways; 2)
primary/secondary roads; 3) paths or trails. For rivers and lakes, the CIA World Data Bank Il (CIA 1972) was
used. The population centers are from the GRUMP settlement points dataset (CIESIN et al. 2004a) and the
World Gazetteer database (Helders 2005). Urban boundaries are from the GRUMP urban extents database
(CIESIN et al. 2004b). The international bouiedaare from the World Bank mapping office.

®To maintainconfidentiality, the geographic coordinates of each household in the VéheS#®t made

publicly availableonly theshapefiles fothe differentcommunessurveyed
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the VHLL8&ouseholds in that communeThe different events were entered simultaneously in the
regression anda explore thelags inthe effects of disasters both current and one year lagged events
were included To separate out the potemti effects of adaptation to regular exposure to disasters
from the immediate welfare effects from current events, the regressions also controlled for the
frequency with which the different events had occurred.

5 Welfare Effects of Natural Disasters in Vietm

To benchmark the results, Tablécblumn 1)presents theestimated OLS8oefficients® of a
standard consumption model augmented with information on firesent and laggedccurrenceof
the different extreme weather events (droughts, localized andriineefloods, hurricane force
winds). Theseare subsequently augmentedith data on the frequency of their occurren¢eolumn
2) and interaction terms between the extreme events and the distance to cities with more than
500,000 inhabitantso capture geogaphical diversity in the effec{golumn 3). The Maximum
Likelihood estimates which also correct for spatial correlatinraddition to heteroskedasticity and
cluster designare in column 4.The followng cutoffs were gttled on to identifyanevent &
extreme:rainfall 20 percent below the long run median for drought; at least one episode of more
than 300 mm rainfall in 5 consecutive days for excess rain/localized flooding; DFO recorded floods
within 2 m elevation difference from the major rivers aast line; and areas affected by 65 kifot
118 km/hour)hurricane wind force.

The regressions display high explanatory powesq&ared between 55 and 60 percent) and
the estimated coefficients on the different household and community characteristice@rsistent
with those reported in the literatureLarger households witmore dependents and belonging to
ethnic minorities are poorer, while the more experienced and more edudabedeholdsvith more
land and in possession of a house enjoy highardigtandards.liness of adult household members
(not for children or elderlyjends to be negatively associated with consumption levels, though it is
only statistically significant for the spatially corrected ML estimates. Households in communities
with better sanitary conditions (sanitary living water and sanitary latriaes)better road access
are also richerwhile household$ocated on steeplgloped areas tend to be pooreHouseholds in
urban areasre on average about 30 percent richer, wittvels of consumption declining the further
away from the urban centesindthe gradients steepningthe larger the urban center.Consistent
with the steepGDPRgrowth observed in Vietnanduring the survey period, household consumption
levels (in real term) increasesubstantially between the survey yeaesreflected inthe large and
statistically significant coefficients on the year dummy variables.

Degree of exposure and proximity to metropatestter

Turning tothe welfare effects of weather eventsdlumn 1), household welfars
substantially affectedby natural disasterghoughoften not in the direction expectedContrary to
common perceptiongcurrent droughts, localized and riverine floodspaarpositively correlated
with household welfare, #th the occurrence of a localized flodast yearalso increasing welfare,

¥ These were obtained from the pooled 2002, 2004, and 2006 VHLSS data with standard corrections for
heteroskedasticity and clustered survey design using the Hulvite estimator provided in STATA.
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while the lagged effects of riverine floodgercising a dampening effect tiousehold welfare.
However, when the frequency of extreme events in each locality is included togethetheith
interaction with the current and lagged occurrence of the event (column 2), a different picture
emerges.

Welfare is lower in areas frequently exposed to droughts and hurricanes, while (surprisingly)
it appears to increase welfare in areas frequertiposed to excess rain, with no discernable effect
in frequently inundated riverine areas. Second, the direction ofitmediatewelfare effects of
current and lagged events also changes when interacted tivélfrequency of their occurrence.
Current doughts, localized and riverine floods are no longer found to increase welfarexcess
rainfall in the current year is now negatively related with consumption, at least when excess rain is
not a regular phenomenon .hE signsand statistical significanaaf pastweatherevents reflecting
the lagged welfare effectalso chang whenthey areinteracted with their frequencyClearly, it is
important to control forthe frequency with which events occurgauging the welfareffects of
natural events.It may lead to adaptive behavior suchthe adoption oflow risk, low return
portfolios (Eswaran and Kotwal, 199Rpsenzweig and Binswanger, 1998)t could also reflect
accumulated asset log€arter and Barrett, 200@) path dependency in disasterlief (Jayne et al.,
2002), issueseflected upon furthebelow.

In addition, the welfare effects are likely to differ furth#gepending on the proximity to
large urban centeréTable 1, olumn 3) Economiesand livelihoodshecome nore rural and
agriculturdly orientedfurther away from the metropolitan areassset holdings decline, amdth it
the possibility for asset damagandthe responsiveness of the disaster relief systems likely
changes more responsive if special programs have been sehu@ggimg areas as in the
mountainous areas in Vietnaror less responsive given declining accessilaiitis likely with the
official disaster flood relief programsnteraction of the different events with the distance {enths
of hours) to cities with mor¢han 500.000 inhabitants confirms indeed the existence of gradually
changing welfare effects away from these large urban centeith location further away typically
less affected

For examplewnhile areas frequently hit by drought are less wealthys ttumulative
welfarelossis less pronounceih drought prone areaBurther away from the large dés Similarly,
areas located in storm prone areas further away from the urban centersleghtly better off than
those in storm prone areas close to tbigy. There appear also differential (and opposite) effects of
frequent exposure to localized and riverine flooding among households in areas closer and further
away from the large urban centerBhe key point here is that the immediate, lagged and ptmsis
effects of extreme weather events differ also substantially depending on their proximity to the major
metropoles in Vietnam, an important factor to takeéo account when targeting interventions.
Possible reasons for these differential effects arelexqa below.

Immediate, lagged and persistent welfare effects by event

For a moraletailedshock by shockomparison of the welfare effects, trudy turns to the
Maximum Likelihood eifare estimateswhichalsocorrect for spatial correlation While they
qualitativelycorrespond to the OLS estimates in column 3,dize of the effects changes at times
substantially and the coefficients are also more precisely estimated, yielding additional insights
(Table 1, column 4)This is expected ginehat both the tests for spatial lags and errdrot



17

reported here)point to the existence of spatial correlation (within and beyond the clustén.

provide an intuitive interpretation of the findings, it is simultaneously explored how households
copewith each of the shocks. In particular, the immediate, lagged and persistent effects of the
RAFTFSNBY (G yFaGdz2NFf RA&aFaGSNBR 2y | K2dzaSK2f RQa
domestic and foreign remittances, and its degree of inediversification as captured in the
Herfindahl indeX®is given in Table ZThe effects of natural disasters on asset holdings and income
diversification are estimated using OLS with suitable corrections for heteroskedasticity and cluster
design, whiledft censored tobits are used for the household assistance regressions, as many
households did not receive any assistance/remittad® control for household, community and
environmental characteristics, the same controls are used as in the househotdevedfressions
above. The ML results are repeated in the first column (Table 2, columm factlitatethe

discussion.

There are no statistically significant signs of immediate or lagged effects of droughts, though
the frequent occurrence of droughteduces welfare households in areas with 10 percentage
point higherfrequency of droughaire on average 12 percent pooreself insurance through asset
disposal (which shows up with a lag (Table 2, coluhar) income diversificatioflower
Herfindahlindex) especially in drought prone areas, enables households to soften the blow of
immediate drought shocks, but erodes their asset base over time (large negative effect of drought
frequency on asset holdings)ogether this result® substantial welfag loss over timélarge
negative coefficient on drought frequency Table 2, column 2)

Interestingly, the welfare loss associated with frequent drought occurrences declines as one
movesaway from the metropatan areas. This is likely related to tlaeger responsiveness of
official relief efforts to current drought events in those more remote araghichappears to
mitigate the need for self insurance through asset disp@ssduggested by the lower asset loss
experienced in less urbanized ardpssitive coefficient on the interaction term of lagged drought
and distance to large citycolumn 3. Over time thisyields loweraccumulated asset loss in the
more remote areagcolumn 2)and less severe welfare lo&olumn 1) than in the areas closerthe
metropolitan areasThe disaster relief systerappears toenable these households to remaimore
specialized (higher Herfindahl indeig. more agriculture focused, than those in other drought
prone areas closer to the metropolesjggestinghat relief effortshelp in mitigating the effects of
droughts

Heavy rainfall has an immediate welfare reducing effect, by 7.7 percent on avdiaige 2,
column 1) likelythroughthe destruction of assetéTable 2, column)2though less in areas, which
arefrequently exposed, and thus better adapted, or those further away from the metropoles.
Surprisingly, there is also a lagged welfare increasing effect of heavy rgiogsibly because
households take advantage of their asset ltusaccelerate replagaent of their assets bigetter,
more productiveones,accelerating their return to their normal growth paths postulated in the

“*The Herfindahl index is a measure of income diversiicatiefined as the sum of the squares of the

different income shares. It ranges between one and zero, with 1 indicating full specialization and lower values
pointing to increasingly diversified income portfolios.

*! Indicated by the jointly positive arstatistically significant coefficients on current drought events and their
interaction term with distance away from the metropolitan areas when 2 hours or more away from the
metropolitan area.
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vintage capital growth models (Hallegate and Dumas, 208#juseholds in areas more frequently
affected by localized floodend to experience lower levels of consumption, though again, less
severe so among those in flood prone areas further away.

Overall thewelfarelosses from frequent exposure to excess rain are only one fourth to one
fifth (-0.28/-1.26) those brought abouty regular exposure to rainfall shortages. Lowetasset
loss(the immediatenegative effects largely compensated by technically better replacements in the
next periodhelps understand thdifference in the welfare effects of rainfall shortagnd rainfall
exceses(Table 2).While the destruction of assetssociated with excess rain does texdd to
higher welfare levels altogether, their replacement with better more productive alternatives
especially in areas that are not frequently confrontedhéixcess rain (see the negative coefficient
on interaction term of lagged localized flood and excess rain frequency in coluran &)itigate
their negative effects. Droughts on the other hadd,not induce immediate asset loss as such.
Assetsare dispo®d off to cope with the shocksmoothing consumption in the current peripdut
SNRERAY3I (GKS K2 dza Soe? timR, @ansis@@ Wwith 1halarge Indghtive feffeét of the
frequent occurrence of droughts on asset holdings (coefficient eq8alsthe largest among all
disasters considered), and by extension on consumptiarger official relief efforts in frequently
flooded areas closer to the larger cities may further attenuate the welfare loss compared with those
related to water shortages. Households do not appear to change their income portfolios in response
to heavy rainfall none of the coefficients on the localizeddhbvariables and their interaction
terms are statistically significant, with the exception of one, whose coefficient is very small.

The occurrence of a riverine flood reduces household welfare on average with a combined
23 percent, by 5.8 percent immedidyeandby 17.2 percent in the subsequent yeardicating that it
takes some time for the full effect to be felt. Nonetheless, householdsgas prone taiverine
floods appearto be slightly better off They experience less immediate welfare lossi{pes
coefficient on interaction term between flood frequency and current flood everdlumn 1, Table
2) and dispose less of their assets to cope with the effects (positive coefficient on interaction term
with lagged riverine flood column 2, Table 2)keely linked to the much better provision of disaster
relief in regularly flooded areas. While the disaster relief in the flood prone areas prevents the
erosion of the asset base (no loss of assets in frequently affectedtaoedismn 2), it is not
sufficient to prevent a substantial 17 percent temporary reduction in their consumption welfare loss,
which manifests itself with a lagon the contrary, households in flood prone areas away from the
urban centers, receive much less disaster assistance, findslees over time with a lower asset
base(negative coefficient on interaction distance to city and flood frequency), resulting in a long
term welfare loss (negative coefficient interaction term distance to city and flood frequency
column 1). Householdssa cope with the lagged effects of shocks through income diversification,
especially closer to the cities.

Finally, hurricane force windsflictimmediate andasting damaged household welfare.
The occurrence of a hurricane is associated w2 percent immediate welfare logaside cities
with more than 500,000 inhabitants potentiall6 percent loss in the subsequent yeand a 20
percent reduction in welfare in areas with a 10 percentage point highance of being hit by
hurricane wind foces. Furthermore, unlike with (localized and riverine) floods the immediate
effects are not mitigated in areas that are more frequently hit, i.e. there is no adaptation. Rather the
opposite, the immediate and lagged effects are, if anything, even momamattal, indicating that
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households have not been able to adapt to @hdit the official disaster relief system has not been
effective in dealing with hurricane forces winds in Vietham. Second, the damage is less severe the
further away from the urban cgers. This can be expected given the larger concentration and
reliance of the economy and livelihoods on infrastructure in the more urban economies. Official and
private transfers have largely been unresponsive to storm related disasters (colufmalde 2).
Similarly portfolio choice remains largely unaffected in the face of storms, with the exception of
some lagged portfolio diversification in areas frequently affected.

Summarizing key insights regardithg allocationof disaster reliefpne of he key ex post
policy responses to disastersyuseholds further away from the larger urban centers (more than
500,000 inhabitants) receive on average more disaste(sad positive coefficient on log hours to
500k city) which contributes to the lower wéare impact of disasters on households further away.
Furthermore, relief efforts appear not to be sustained much beyond the first year, though disaster
relief systems appear well developed in frequently flooded areas (both localized and riverine or
coastl) close to the major urban centers. Official disaster assistance is not given following hurricane
force winds. There are no clear systematic patterns with respect to the reception of domestic or
foreign remittances. Sectoral income diversification doest emerge as a major coping strategy,
with the exception of the larger income diversification observed in drought prone areas closer to the
urban centers. Asset losses, which can result from direct damage or through asset disge#fal
insure,often show up with a delaynd tend to bdess severe further away from the urban centers.

In conclusion, while households largely manage to cope with drought events, often through
asset disposal, the frequent occurrence of droughts erodes their capacity ewitipthem,
resulting in a substantial welfare loss among households in drought prone areas closer to the urban
centers. Households in drought prone areas further away from the urban caglsalsuffer, but
less as theynanage to hang oto their assetdetter because of drought responsive releforts.
Localized flooding exerts an immediate 7 percent toll on welfare though much of that loss appears to
be recuperated the next year potentially through replacement of the lost asset base by better more
productive ones, at least among those that are not frequently hit. The latter tend to suffer less
immediately, partly through the reception of disaster aid, but they also benefit less from the faster
adoption of more productive assets, likely resultingame asset erosion over time and lower
consumption levels (though to a lesser extent than in the case of regular rainfall failure). The
damage from frequent exposure to localized floods is again less severe among those further away
from the urban centersas they experience less asset loss, while receiving more immediate disaster
relief. Riverine floods cause substantial welfare damage (23 percent), especially among those not
frequently exposed, who tend to be better served by disaster relief, at least when living close to the
urban centers. Finally, the largest damage is inflicted byi¢ame force winds, withoth regular
exposure and proximity to the urban centers exacerbating the welfare losses substantially.

6 Concluding remarks

Understanding how natural disasssffect human welfare is an increasingly pressing
concern,not leastin Vietnam which ranks among themost disaster proneountries worldwide This
study illustrates a methodology ®&tudy the welfare effects afuch events in a country specific
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setting using spatially disaggregated disaster maps derived from first hand roletgical data
combined with nationally representative geeferenced household survey dat8y derivinghe
spatially disaggregateeient and hazard maps directly from the meteorological data, issues of
endogeneityin estimating the effect of such evends consumptiorin the absence of sufficiently

long national household panel datare mitigated. The event and hazard maps provide akseful
tools for policy and project plannintn addition, in estimating the welfare effects, spatial correlation
wasalso accounted for. While the latter is routinely ignored, this is less suitable in empirical
examinations of the household welfare effects of spatially disaggregated disasters whose effects
regularly permeate the economy through product (food prices) &actor (labor) markets.

The econometric results suggest thatuseholdsn Viethamlargely manage to cope with
the immediate effects ofirought eventsthoughthat the frequent occurrence of droughts erodes
their capacity to cope witthem, resulting insubstantial welfare lossspeciallyamong households
in drought prone areas closer to the urban cenfewhere disaster relief is less pronounced
Localized flooglexert important welfare lossesn averagean estimated?7 percentthough much of
that lossappears to be recuperatettirough capital replacemerih the subsequent yeaat least
among those who are only occasionally affected by such floods. Those who are frequently affected
suffer more though the long run effects from frequent exposure to lliwad floods are substantially
less than those from frequent exposure to droughgartly due to a responsive relief system in the
more urban areas that are frequently affectéRiverine floods cause substantial welfare damage (23
percent)in the short runthough less so among households who are frequently exposed as they
tend to be muchbetter served by disaster reliedspecially theyive close to the urban centers.
Finally, the largest damage is inflicted by hurricane force winds, with regular expaosiigoximity
to the urban centerswhich bothexacerbag the welfare losses substantially.

Overallthe study showshat there is promise in using meteorological datactmstruct
spatially disaggregated weather event and weather hazard n#ycsh data are becoming
increasingly available andhtural event and hazard mapsvealsoimportant direct applications for
policymakers beyond their use in estimating the welfare effects of disagtkedine-tuning and
validation of such maps is an immpant area for further research. Second, there are important long
run negative effects of being regularly confronted with natural disastéisird, short run losses can
be substantial, with hurricanes causing most havoc. Fourth, there are signs oaadapivith
frequent exposure to localized and riverine floods reducingwiefare losses associated withese
events partly through the development of effective disaster relief systefibere is however no
adaptation to hurricanes, rather the contranyith high frequency of hurricanes exacerbating the
losses from particular events fifi, those further away from the large urban centers often enjoy
more immediatedisaster relief which appears to mitigate the current and long run &ffe€ natural
hazads, underscoring the importance of effective disaster relief systems. Hysgemsave
howeverlargely eluded areas affected by hurricane force wisml$ar, an important area of
attention Vietnamese policymaker&ixth,with updatedhazard maps indht of climate change, the
approach followed here could also shed light on the welfare effects of climate change on household
welfare.
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Figure 0: Regions of Vietham
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Figure 1: Rainfall maps using inverse distance weighing and inverse elevation difference weighting display close resemblance

Figure 1aRainfalprediction using inverse Figure 1b: Rainfall prediction using elevation Figure 1c: Rainfall prediction from regression
distance squared from 5 nearest station data difference weighting for 10 nearest stations analysis,June 2006
only, June 2006 only, June 2006
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Figure2: Deviations from median annual rainfall for each year 2001 to 2006.
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Source: Author's calculations.
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Figure 3. Proportion of years with 20 percent shortfall in median amairgall
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Figured. Localized flooding for each year 2001 to 2006.
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Figure5: Proportion of years in which 300 millimeters of rain fell icoasecutive &ay period
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Figure6: Riverine and coastal flooding for each year 2001 to 2006.

2002 3 2(

2006

2004

Source: Dartmouth Flood Observatory (2008) and author's calculations using Hydrosheds anc
GLOBE.



