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The images from the cover show 1) workers plantimaize seeds in farms irrigated by groundwater in
Tra Vinh province and 2) a groundwater pump supygyivater via pie to crop fields. These images
were taken from Dun et al. 201@roundwater and Human Security- Case studies: Repbthe 4"
Workshop”.
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In Vietnam, water access and management represemigjor challenge for the
inhabitants of the country. Public water supphned common for rural households,
water sources are unevenly distributed and thatgwadlthe resource is very variable.
Consequently, the Ministry of Agriculture and RuBdvelopment of Vietnam, along
with the Ministry of Construction, set the “NatidriRural Clean Water Supply and
Sanitation Strategy up to year 2020". This plamals to give priority to the urgent
needs of domestic quality water and to protectrésmurce against exhaustion and
pollution. The present study aims to describe #rgiqular case of groundwater use in
Tra Vinh Province as well as the vulnerability tff inhabitants toward droughts. By
this means, the purpose is to determine the congaiaof current groundwater
measures and drought-coping mechanisms with thectgs of the Strategy. The
study makes use of a database compiled by the MeReita Development Research
Institute (MDI) along with the UNU-EHS (Instituteorf Environment and Human
Security, United Nations University). The sustaiedbvelihood framework (SLA) is
implemented as a methodological approach, in addtt a regression analysis on the

damage costs of droughts.

Keywords: groundwater management, drought vulnerabilitytasoable livelihoods
approach, damage costs, Tra Vinh
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1.1 Background

Vietnam is a country rich in water resources. lite¢ main sources for water use and
consumption are rain water, surface water (riveft®ams, canals) and groundwater.
However, water access and management representsj@ wchallenge for the
inhabitants of the country.

First, public piped water supply is not common faral households in Vietnam;
usually they use individual water supplies suctdag wells, rain water jars or rain
water tanks. As a result, only around 30% of theisebolds have water supply
systems that meet their basic domestic quality irequents, and among them only
10% are considered to meet the national standdrdean water (MARD & MoC,
2000).

Also, water sources are unevenly distributed adtessountry. Hence, whether some
areas have access to water throughout the whotgeg@ae others face water scarcity,
especially during the dry season. Furthermoreqtradity of water in Vietnam can be
very variable. Water pollution from salinity intios, livestock waste, trade village
waste, and chemicals used in agriculture is wongem many places causing risks to
people’s livelihoods. High levels of arsenic, mamgse, iron and nitrates have been
found in samples taken from rivers in Vietnam, artggular in the Mekong Delta.
Therefore, significant amounts of such chemicaésthe cause of severe diseases in
the users of polluted water.

Consequently, the Ministry of Agriculture and Ru¢velopment (MARD), along
with the Ministry of Construction (MoC) of Vietnanhave set the “National Rural
Clean Water Supply and Sanitation Strategy up tar y@020”. One of the main
objectives of the Strategy to be achieve by 202bas

“(...)all rural people will use clean water of natiahquality standards with at least
60 liters/capita/day”(MARD & MoC, 2000, p.11).

Furthermore, there are two of the main strategies fthe initiative that should be
emphasized, especially since they intended to tahgeimmediate years following

the approval of the strategy back in 2000. These ar



“Giving priority to the urgent needs of domesticatjty water for those areas
lacking of water, such as drought-stricken areaerder areas, islands, high
mountainous areas, remote areas, saline areas &ondet areas suffering from
polluted water resources such as flooding areas arehs affected by industrial

waste water discharge”

and also the

“(...)protection against water resource exhaustiondapollution, protection of
quality of groundwater and surface water in lakpends, springs, streams and
rivers.” (MARD & MoC, 2000, p.12)

In line with this strategy, this research aims tadg the case of groundwater
management in Tra Vinh Province, Vietnam. Tra Mimlocated in the central east of
the Mekong Delta, in the South of Vietham. Becanisés geographic position, this
province —as the rest of the delta— only experierie® seasons per year: the rainy
and the dry season. Besides, Tra Vinh is locatethencoastal area and therefore
suffers from salinity intrusion during the dry seas

There are several reasons why Tra Vinh is an istieig place to study in Vietnam in
terms of water shortage issues and groundwateruresasrirst, this province has a
high level of dependence on groundwater resouarelsdth domestic and agricultural
purposes. There is a high competition between wasters, with 80% of its population
relying on groundwater for their daily activitiegkd irrigation of crops, shrimp
farming and processing, livestock production andusirial development (Dun et al.
2010, p.6).

In addition to this, the physical resource is lesshargeable in the dry season, and
because of common droughts during this seasonngveater is vulnerable to salinity
intrusion. Also, there is a concern in the way @mwhfarmers are using pumped
groundwater. The construction of individual wellsviery common since a permit is
not required to extract groundwater at the housklelel. Therefore, there is an
overuse of the resource that might endanger infauh&e the livelihoods of the

inhabitants of the province.



1.2 Problem definition

People from Tra Vinh province mainly focus on aglticral activities as their income
source. Groundwater is their main resource botlidéonestic consumption as for crop
irrigation. However, its overuse and lack of cohfrom authorities is threatening the
livelihoods of the inhabitants, especially durihg dry season when water shortage in
the province is evident. Therefore, the underhhygothesis considered for this study
is that the objectives proposed by the strategeloged by the MARD and MoC in

terms of water access and safety are not beingjddlfor the case of Tra Vinh.

1.3 Research objective

According to the problem definition and the cont®xtescription, the main objective
of the research ist§ describe and analyze the current state of growatdr use and
management in Tra Vinh province and the vulnergbitif its inhabitants towards
droughts”.

To fulfill the objective, a research question anthe specific research sub-questions

have to be answered. The proposed research question

“Are the current groundwater measures and droughtyuing mechanisms
used in Tra Vinh aligned with the objectives frorhd Viethamese’s Clean

Water Supply and Sanitation Strategy”?

In order to give a structured answer to the maseaech question, the following

research sub-questions were formulated:

1) What is the current Vietnamese legislation regaydigroundwater
management and extraction?

2) In times of drought, what are the main sourcesooédast information, relief
and aid in Tra Vinh?

3) What are the main problems that households expsriemen accessing/using
groundwater in Tra Vinh?

4) Which is the perception on groundwater variationafgfity and quality) over

the years in Tra Vinh?



5) What is the role of asset ownership in the impattdmughts on the
livelihoods of local people in Tra Vinh?
6) Which factors have an incidence on the aggregaaeshde costs of droughts

perceived by household members in Tra Vinh?

The study consists of ten sections including thisoduction. Section 2 presents basic
concepts and theories regarding groundwater maragerSection 3 describes the
study site of the research and Section 4 specthesuse and management of
groundwater in Tra Vinh province. Then, Section @npresses the theoretical
framework that acts as the structure of the whaldysand Section 6 describes the
methodology that is implemented in the researcle TWdsults are presented from
Section 7 through 9: first, descriptive resultstied household survey, consequently
the analysis of the asset pentagons under the Shdthirdly, a regression analysis
on the determinants of damage costs due to droufbtinalize, Section 10 presents

the more relevant conclusions and recommendatibtie study.
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This section will address some of the main notiohggroundwater management,
governance, and law. Subsequently, a brief desaonijf the Viethnamese regulations
and strategies related to water management andriicydar to groundwater will also
be presented. The purpose of this is to review soasé concepts of groundwater in
order to introduce and contextualize the case stdidiydividual and village behavior

towards groundwater use in Tra Vinh in Section 4.

2.1 Groundwater governance: theory and concepts

Groundwater has been a crucial resource for theldpment of societies around the
world. It is estimated that groundwater provideswlb0% of the world’s drinking
water supplies (United Nations 2003 as cited inrlda & Martinez-Santos 2005), and
it has also contributed significantly to increased security and eradicate poverty
through irrigation (Fornés et al. 2005). In fadtimations show that groundwater for
irrigation accounts for 40 to 90% of total groundevause (Mukherji & Shah 2005).
Groundwater use at a large scale has been resfmrisibthe growth in global
irrigated areas for almost four decades. Shahndisishes three “waves of growth” in
groundwater use: the first one concerns the 19t@EnvEouth Asia and North China
started to use groundwater at an exponential tia¢esecond one deals with countries
like the United States, Spain, Mexico and Morodutat developed their groundwater
extraction technologies in the 1980s; and the \\ste is the one currently taking
place, where Vietnam and other south-east Asiantdes participate (Shah 2005).
Furthermore, Shah et al. (2007) recognize four myges of global groundwater-in-
agriculture systems according to some factors asodeaphic conditions, land-use
patterns, agricultural activity and relevance afjmted farming. The four systems are:
1) arid agricultural, 2) industrial agricultural,) 3mallholder farming and 4)
groundwater-supportive extensive pastoralism. Uingclassification system for the
case study, Tra Vinh province would classify in tdaegory of smallholder farming
groundwater system. Shah describes this lattectahel as populations that cultivate
large proportions of their geographic area, iregatore of their cultivated area, and
use groundwater in more areas for intensive aduoeilthan they do in arid and

industrial agricultural systems.



2.1.1 Favorable characteristics of groundwater use
Different driving forces encourage farmers to ussugdwater as their main source of
irrigation. In their study, Shah et al. (2007) mentseveral favorable characteristics
of groundwater over surface water use for irrigatio

- Ubiquitousnessit is available almost everywhere, even if irfeliént degrees

- Easy development of groundwater irrigationnlike surface irrigation

structures that usually need large scale goverrahenitiatives, groundwater
use can be easily developed by individual farmers

- Lower capital costscapital costs of groundwater structures are loper

hectare of irrigation than those of surface watejgets

- Drought-resiliencegroundwater aquifers can keep reserves duringtidrgs

even when all surface bodies dry up

- lIrrigation on demandfarmers have the freedom to apply water whenthey

consider that their crops need it the most

- Lower transmission and storage lossdsakage and evaporation of

groundwater is lower for groundwater than it isgarface water

Another advantage of groundwater for irrigation rogerface water is its efficiency.
In general, farmers assume all the extraction ctstproduce high value crops
because they have a greater security in their imasst, considering that groundwater
is not as affected as surface water availabilitgmvbdroughts occur. Despite observed
low returns from groundwater use in crop and ligektfarming, smallholders that use
groundwater as a livelihood support system havé Bipectations on this irrigation
method as it has contributed dramatically to powvegtiuction programs (Shah 2005).
As a matter of fact, evidence has shown that gravatet irrigation has an economic
productivity five times greater than surface walter the same purpose, meaning
“more crops and jobs per drop” (Hernandez-Moral.e801 as cited in Fornés et al.
2005).

Benefits of groundwater use for irrigation can bercgived through increased
productivity, food security, job creation, livelibd diversification and general
economic and social improvement. However, when seidugroundwater extraction
can have negative outcomes as the lowering of etervtable, deterioration of water
quality, and saline intrusion. Mukherij & Shah (Z)Gtate that social and economic

impacts of intensive groundwater use



‘may be either positive or negative depending anftittors, such as the nature of
the aquifer, pressure on the aquifer, recharge satgpe of use, climate and so on.’
(Mukherij & Shah 2005, p.329)

2.1.2 Risks associated to intensive use of groutedwa
Although —as it was previously mentioned— almodf ba the world’s population
depends on groundwater for domestic consumptieigated agriculture is still the
main use given to groundwater. The often high dquali this resource increases the
competition among individual farmers in rural conmties for livelihoods and food
security (Shah et al. 2007). The growth obtainedmfrthe intensive use of
groundwater for agricultural irrigation comes a¢ #expense of aquifer pollution and
groundwater depletion. Therefore, it threatens msgeurity and results in a “colossal
anarchy”, a term used by Shah (2005) to refer ¢osikuation of some African and
Asian countries that have applied groundwateratran in a way to sustain billions of
livelihoods but threaten the resource itself. Séiaal. (2007) also state that

‘(...) existing trends cannot be sustained unlese@panied by far more intensive

regimes of resource management than are curremplayed.’(Shah et al. 2007,
p.395)

By “existing trends” he refers to existing mechamsthat encourage high levels of
water extraction, such as government subsidiesggeipment, energy for pumping)
and easy access to inexpensive pumps and drildicignblogies. Besides, ignorance,
vested interests, and even low credibility of thatew officials warning about the
potential overexploitation threats are other reagbat keep farmers from decreasing
groundwater extraction (Fornés et al. 2005).

Groundwater depletion not only has environmentalseguences, but also severe
economic ones, especially for the poor farmers whectly benefit from its use
(Mukherij & Shah 2005). The mismanagement of grauaier is not a recent concern:
high population pressure and intensive use of ghaater for irrigation purposes is
directly related to poverty. Consequently, if tree wf groundwater is one of the main
income sources (indirectly through irrigated agtime/aquaculture), they do focus on
the short-term benefits of groundwater use. Heff@eners tend to overuse their

resources as a means to increase their income dpet@oint when they are not

%



functional anymore. This is often known as the éBil Revolution” of intensive

groundwater use.

2.1.3 The Silent Revolution

Llamas & Martinez-Santos (2005) define the conadptSilent Revolution” as the
phenomenon that has been taking place over théadtstentury in arid and semiarid
countries, in which millions of modest farmers d@orobtain the significant short-term
benefits of groundwater for irrigation. This putsis usually carried out with no
planning or control on the part of governmentahauties. According to the authors,
science and technology are key factors of the gl because the advances in well-
drilling techniques and hydrogeology have redubedabstraction costs over time.
As a result, the Silent Revolution is a productiaharket driven force in which the
abstraction costs represent in most cases onlya#l fnaction of the economic value
of the crop. This has become an important sourdgenéfits, including the transition
of modest farmers in developed and developing cmmtas farmers benefit from
agriculture revenues, they become richer and mdueated, so they change from
producing low-value crops to cash crops (Llamas &rtihez-Santos 2005). They
authors consider that the main reason for thisafgpkn is

‘(...) the intrinsic reliability of groundwater, enaoaged by the expectation of

enhanced revenuegl'lamas & Martinez-Santos 2005, p.337)

Despite its strength, Fornés et al. (2005) argaettie silent revolution is still largely
ignored by decision makers, water engineers andhdgia. This ignorance is thought
to be partially intentional, since in many casesigsien makers are involved in large
water projects (mainly linked to surface water)tttemd to be more expensive and
have even more serious social and economical damage

Llamas and Martinez-Santos (2005) highlight theiamotthat although intensive
groundwater use should not be ignored and counsiesild keep in mind their
potential negative effects, the main step towadlfsexing a sustainable groundwater
development in developing countries is the eratinadf poverty. They suggest that
the problem is not only the intensive pumping obugrdwater, but the poor
management of the activity. In line with this opinj Shah says that

‘(...) groundwater depletion and deterioration, rigirenergy use and pumping

costs, well failures, weakening drought-protectsuggest that the groundwater



boom, which has done more to sustain the poor thlhrpoverty eradication

programs, will burst, sooner or latertShah 2005, p.31)

By analyzing groundwater institutions and laws dumtries such as Spain, Mexico,
China and others in South Asia, Mukherij & ShahO@0concluded that different
aspects play a relevant role in the determinatibgroundwater management in a
country: the scale of and dependence on groundwtttereconomic status of the
country, and the farmers’ power when lobbing foeithrights. Also, the political
structure in a country is said to influence itsligbto govern groundwater. For the
case of Vietnam —as it would be discussed in p&to2 this section— its socialist
government has develop an explicit regulation @nttanagement of the groundwater
resources; however, its enforcement appears todak \and the officials from the
provincial Peoples’ Committees are not able to m@nhdividual management of

groundwater.

2.2 Groundwater management: regulations in Vietnam

The regulation on water extraction and licensin/ietnam is enclosed in the.aw

on Water Resource¢LWR), approved in 1998 by the Viethamese goveznirand
implemented in January 1999. This law establishes/iethamese government as the
responsible entity for the management of water uess through the MARD.
However, at the present time that responsibilityhisands of the Ministry of Natural
Resources and Environment (MONRE), while the serfisction of irrigation and
rural water supply is still under the tasks of Ml &RD (WEPA 2010). Since the
moment this law was promulgated, the normative atemresource management was
only partially implemented. Therefore, to complemée LWR, the Vietnamese
government released in 2004 th@dvernment decree on regulation on licensing of
water resources exploitation, extraction and udition and waste water discharge in

water sources (DRWR). Both of these statements will be furtltkscussed in this

subsection.



2.2.1 Law on Water Resources (LWR)
This law deals with the water resources in termsswiface water, rain water,
underground water, and sea water in the territbryietnam. For the purpose of this
study the focus will be taken for underground watdy.
Regarding underground water protection, Articleoithe LWR states that:
‘Organizations and individuals that exploit undeosgnd water must comply with
the order and norms on technical safety and preganhgainst depression and
sinking, on the protection of water- storing layersd the related environment, on

land filling after exploitation’(National Assembly Vietnam of 1998, p.5)

Also, when stating the rights of organizations ardividuals to exploit and use water

resources, the LWR mentions in its Article 22 that:
‘They have the right to exploit and use water reseufor purposes of living,
agricultural, forestry and industrial production, ining, electricity generating,
water transport, aquaculture, sea fishery, salt mgksport, recreation, tourism,
medicine, health rehabilitation, scientific resedarand other purposes as
prescribed by this Law and other provisions of la@National Assembly of
Vietnam 1998, p.7)

According to the LWR, a permit from the Governmenheeded for the exploitation
and use of water resource. Organizations and itdals conducting probing drills,
geological surveys and prospection and construatibmnderground water works
require permits from a State agency. The excepiiomdich a permit is not required
for groundwater use and exploitation are:

- To exploit and use sources of surface water anengnound water of small
scale for family use in living;

- To exploit and use sources of surface water ane@ngndund water of small
scale for the family in agricultural, forestry pradion, aquaculture, small
industry and handicraft production, hydropower geten and other
purposes.

The decision of issuing permits for exploiting urgfeund water must be based on
the result of prospection and monitoring of grouatkw and its potential and reserve.
As for the use of water resource for agriculturalduction, the LWR states in Article
26 that:



‘Organizations and individuals exploiting and usingater resource for
agricultural production must take measures to saaer, prevent and combat
acidity and salinity of water, slushiness and evaswithout polluting the water

source.’(National Assembly of Vietham 1998, p.9)

In case organizations and individuals do not complth the LWR by causing
deterioration or depletion of the resource, or mtating any other principle of the
law, they can be subjected to administrative fioegxamined for penal liability to
compensate for their damage. The LWR states tleasdhction should be established
according to the law; yet, there is no referencearng kind of punishment in the
document. On the other hand, the DRWR does inated&in sanctions that could be

applied in case the law is infringed.

2.2.2 Decree on regulation on licensing of watesources exploitation, extraction
and utilization and waste water discharge in wateurce (DRWR)

This decree was established in conformity withltliéR. It exclusively considers the
regulation of issue, extension, amendment, ternoinaand revoking of permits on
exploration, extraction, exploitation and utilizatiof water resources and waste water
discharge into water sources/bodies.

When referring to licensing principles for groundera Article 4 of the DRWR
mentions that it should be ensured for groundwaténactions in a specific area to not
exceed its potential exploitation limit and that, an area where groundwater
extraction is approaching its potential exploitatianit, the extraction shall not be
expanded until groundwater resources in that ameasapplemented artificially
(National Assembly of Vietham 2004).

The decree includes a licensing exemption for giawater use and exploitation for
the case of:

- Extraction, exploitation and utilization of groundter from reconstructed
facilities within licensed exploitation areas wighhmping rate and water level
draw-down not greater than limits as identified apgroved in the permits.

A very important clarification that the DRWR does ibs Article 6 is that, although
households that extract groundwater at small scidasot have to apply for permits,

they need to be registered when:



‘(@) groundwater extracted is used forigation, aquaculture and small-scaled
crafting in such areas when thetal water extraction volume does not exceed the
assessed dry season average groundwater availalfdinphasis added, Alvarado
Quesada)

(b) depth of drilled boreholes exceeds the autleadriimit’ (National Assembly of
Vietnam 2004 p.3)

Unfortunately, compliance with this article is neasily achieved. Each Provincial
People’s Committee is responsible for the spediboaof household extraction

quantities and limits for extraction and utilizatioof surface and groundwater
resources. Still, depletion of groundwater resosiraed water scarcity are already
perceived in coastal areas of the Mekong Delta (MDyietham because households
overuse their resources for personal consumptiah iefgation and they do not

register as groundwater users at a larger scalereldre, the Government cannot
control the water extraction in households witHagnses.

2.2.2.1 Permits

Permits for groundwater exploration are issuedaf@eriod of up to 3 years, and for

extraction, exploitation and utilization it can &eended up to 15 years. Both kinds of
permits can be renewed or extended, with the ekuoepof the following
circumstances:
For exploration
- If the project is impeded by unfavorable land ctinds
- If the current hydro geological conditions diffeigrficantly from those
considered at the issuing of the permit
- If the depth of the groundwater facility exceeds thesigned quantities by
more than 10%
For extraction, exploitation and utilization
- If water extraction has caused land subsidenceyriahaftion of structures,
salinity intrusion, degradation and severe pollutd water sources
When obtaining a permit, its holder has both rignsl obligations. He/she can be
compensated by the state for losses and damagessénthat the permit should be
revoked for unexpected circumstances such as def@ngsational and community

security. At the same time, Article 18 of the DRWRntions that he/she is obliged



‘(4) to protect water sources in the areas of exation, extraction, exploitation
and utilization of water resources and dischargevafer into water sources

(5) to provide sufficient and transparent informationb@ut water statusn the
areas of exploration, extraction, exploitation autilization of water resources and
discharge of water into water sources when requkeste authorized agencies’
(National Assembly of Vietham 2004, p.8) (emphasided, Alvarado Quesada)

The sanction for violating the law goes from thespnsion of the permit to its
revocation, depending on the magnitude of the lam&ingement. In reality,
however, these permit suspensions or removals td@aour as strictly as it should
according to the regulations.

Nowadays, water management and sanitation is otieeomain topics in the global
agenda. The relevance of proper water supply anitiatian is evidenced directly in
one of the Millennium Development Gogland indirectly in most of the rest. Besides
the LWR and the DRWR, the Vietnhamese Governmentpudsnto practice other
strategies and initiatives that target the propss and access to clean water for its
country’s inhabitants. Some of these initiatives eglated to the case study in terms
of groundwater administration. Hence, they will beentioned in the following

subsection.

2.2.3 The National Rural Clean Water Supply anditdaan Strategy up to Year
2020 (RWSS)
In 2000, the Vietnamese Government implementeddin&gegy as one of their most
important national targets for the period 2000-20R6Gral areas in Vietnam contain
75% of the country’s population and it is where traagricultural activity takes place.
Therefore, the strategy was based upon one of tlan mrinciples of the
Government’s policy that states that
‘(...) rural living conditions shall be improved, ama particular for RWSS: most
people should have access to clean water; therauldhbe improved rural
environmental sanitation, this including stoppingetuse of fresh excreta as
fertiliser, and achieving a "Clean, Green and Béallt rural environment.’
(MARD & MoC 2000, p.9)

! “Goal 7: Ensure environmental sustainability”. UNDP 2009.



The main focus of the strategy is to ensure theigian of clean water for drinking
purposes and health improvement by constructingogpiate infrastructure (hand
pumps, wells and latrines). However, the develognaérthis infrastructure has a
secondary end product for households by also piryithem the access to water for
irrigation purposes.
The Government and some international donors asCERNIhave invested on several
projects to contribute to the development of wagapply facilities. Still, these
projects have not been able to cover the high ddrodmissing water supply systems
countrywide; therefore, the coverage of the stratedgow (MARD & MoC 2000). In
addition to this, they state that there is a wesgal environment since there are no
proper regulations and guidelines for the good mgament of RWSS.
For the years 2006-2010, the focus of the Natidreaet Program for Rural Water
Supply and Sanitation (NTP-RWSS) was for users doid# on types of RWSS
facilities suitable for their activities and finaakcapabilities. The Government’s role
was to provide support and training to the rurgyation for the proper management
of such facilities.
As for the use of drilled wells for groundwater raxtion, the NTP-RWSS mentions
that:
‘The development of household drilled wells shdoddninimized, especially in the
Red and Cuu Long river deltas. All poor qualitylled wells should be filled
quickly to avoid pollution of the ground watefNational Assembly of Vietham
2005, p.28)
Furthermore,
‘The program will contribute to solving the problashenvironment pollution and
protect the quality of water sources, and espegigiievent major unplanned
extraction of groundwater causing exhaustion anchtamination’ (National
Assembly of Vietnam 2005, p.35)

2.2.4 National Water Resources Strategy towardy'tea 2020
This strategy, signed by the Prime Minister in 208ifs
‘(...)to strengthen the protection, exploitation, used development of water

resources, as well as the prevention and mitigatbadverse impacts caused by
water.” (MONRE 2006, p.2)



Moreover, the Strategy mentions some major chadlerigat Vietnam has to face in
terms of water management. It is expected thatatkrehange will lead to a decline in
water resources, at the same time that the popnol&tiexpected to grow, leading to
even a more serious problem in terms of inefficiwater supply. Besides, economic
growth also represents a threat for water resoureeause pollution of surface water
increases in scale and scope, and there is a ldegeaind for exploitation and use of
water for agricultural and industrial activities.

Particularly for underground aquifers (from whemdupdwater is extracted), it is
highlighted that the surveying and exploration odundwater has not been widely
conducted in the country, with only a 15% of iteabeen studied. Although they
have forecasted big groundwater reserves aroundtbethe country still lacks a
proper monitoring network. This is essential foe tldentification of water sources
and for the estimation of natural dynamic reseragle country.

Also, it is observed that signs of degradation @redexhaustion of groundwater have
become obvious and widespread in some regions (MOREO6). The drop in water
levels has negative consequences such as landisnbsj contamination and saline
intrusion.

Finally, the Strategy emphasizes “the incomplegallesystem for water resources
management and the inadequate organization andgewuesnt in water resources”
(MONRE 2006). It is mentioned that the LWR has beén fully followed and that
water management activities are poorly coordinaBssides, there is an overlap and
lack of coordination and in water projects, a latleconomic and financial policies in
water resources, and finally there is incomplet& dm water resources that is non-

reliable and comprehensive.

Basic concepts and opinions of specialists in giawater management have been
mentioned in this section in order to present aegdrunderstanding of what are the
main governance aspects of this valuable resolmahis way, these definitions can
be related and applied to the case study that tallees in the province of Tra Vinh,
given its specific conditions (see Section 3).

As for legal aspects, groundwater regulation intvaen was mentioned through the
guidelines of the LWR and the DWRW. Other governtakstrategies related to

water management in the country that also relagga@aandwater use were taken into



account. Still, it is recognized that the complemdgth the law is weak in the MD and
in particular in Tra Vinh. The lack of requiremduot permits to extract groundwater
at a small scale has caused farmers to dig wetl®my for domestic consumption,
but for irrigation of their crops, exceeding the amt of water they are initially

allowed to extract. Households overuse the resowitteout reporting it to the local

authorities. As a result, the inhabitants of theolehprovince have to face water
scarcity during the dry season, and other problsath as water pollution and land
subsidence all throughout the year. Finally, exaition and analysis of groundwater
availability and quality has not been carried oxteasively in Vietnam. There is still

much to do in that area in order to implement aaeuregulations and policy towards

sustainable groundwater use.
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The following section deals with the general dggmn of Tra Vinh province,
Vietnam. The overview will include the province’spbgraphic and geographic
characteristics, the economic activities carried iouthe region, and its weather
conditions. Also, drought occurrence in Tra Vinldanas a consequence of itthe

presence of salinity intrusion will be describedletail.

3.1 Description of the site

Tra Vinh is one of the 13 provinces located in M2 of Vietnam. Its population is of
1.1 million people (6% of the MD’s population), which 85% live in rural areas. The
province has an area of 2295 ¥mepresenting around 6% of the total area of the
delta (GSO 2010). It has one town (Tra Vinh tovaight districts and 102 communes.
In particular, Cau Ngang district has an area & &1’ and a population of 138 000
inhabitants (Sanh 2010). This district is composéd5 communes, including My

Long Bac and Long Son, which are the chosen sitethé case study.

Figure 1. Map of Tra Vinh Province in the Mekong Ddta, Vietnam

Tra Vinh is bordered by Ving Long, Ben Tre and Soang provinces and has a
coastal line towards the south-east, where the &sstborders it for more than 65 km

(Figure 1). It is located about 200 km away from €td Minh City, one of the 2 most
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important cities in Vietnam. It is surrounded byotWwranches of the Mekong River,
the Hau River and the Tien River. Therefore, theeweay transportation and the
aquaculture activities of the province are strordgyeloped (Tra Vinh Portal 2010).
The province is influenced by the East Sea tidgimme through the two branches of
the Mekong River and their intertwining canal syste

Almost 70% of the inhabitants of the province atetWamese or ‘Kinh’, as they are
called to distinguish themselves from other ethgrioups within the country. The
other 30% are part of the ethnic ‘Khmer’ minority Vietnam, an indigenous group
that has remained from the former Khmer Empire. pitesence of the ‘Hoa’ minority,
a group consisting of ethnic Chinese people, is alsknowledged in the province

(accounting for less than 1% of its population).

3.1.1 Land composition and terrain features

Tra Vinh is located in the lower section of the MIDd its territory does not reach
more than 5 meters of height (more than half ofatsl is between 0.4 — 1.0 m of
height). Higher terrains are mainly representedshmd mounds, whereas lower
terrains are several depression fields located narothe province. Geological
characteristics indicate that the province was @atrfrom sediments from river and
sea alluvium.

The diversity of its land form allows different kinof crops to be grown in the
province. For instance, fruit crops usually takacpl on sand mounds, rice plantations
predominate in lower areas and riverside depressame appropriate for natural
shrimp farming (Tra Vinh Portal 2010). The mosttabie terrain for agricultural
production is considered to be the one located émtwD.6 — 1.0 m of height. This
ground level drains easily, preventing droughtfamds from occurring.

The variety of land composition and the weatherdd@wns allows the region to have
different kinds of farms. According to the Genes#tistics Office of Vietnam (GSO
2010), in 2008 there were approximately 2290 fdounated in the province, of which
1753 were fishing farms, 426 were livestock farrasd the rest were annual or

perennial crop farms.

3.1.2 Economic activities
Some of the main activities that promote the ecangrowth of the province are the

following:



Trade:Tra Vinh exports seafood (in particular catfiskd atrimp), fruits and
vegetables, quality chemicals and medicines to 8decountries among Asia,
the European Union, America and Australia.

Tourism In comparison with the rest of the provinces ietam, Tra Vinh is
not one of the most attractive sites for internaictourism. However, it has
cultural and historical monuments, as well as ancigllages with French
architecture. There are 141 Cambodian architegtagedas of Khmer people,
along with their specific traditional festivals,athact as main attractions for
members of this ethnic group all around the courftythermore, it is a beach
destination due to its coastal location.

Industry Currently, the province is aiming to increase #reual average
industrial growth rate. As a result, 13 industgaebups and centers are planned
to be built in the township and surrounding dissiicAlso, the provincial
government is promoting the linkage with other pmoes in terms of
education, such as collaborations with other usities, science research
institutes, and investment in academic facilitiés. particular, they are
encouraging training plans for economic and busimaanagers, and skilled
technical workers to reinforce the human resoumrettie empowerment of
socioeconomic development.

Agriculture as most of the rest of the provinces in the deligricultural
production is the economic strength of Tra Vinh (IRE 2005). It has an area
of cultivation of 274 000 ha, of which 83% is dextto rice production and
7% to fruit trees. Other fruits and vegetable wagefrom the province include
coconut, sugarcane, corn, manioc, peanuts, andwag¢able 1). Also, it has
the largest flock of cows in the MD (145 400 cows)th other livestock
activity including cattle and poultry breeding. Agrture is also considered a
basis for the development of the Industry sectoritagrovides abundant
resources for the processing and export industry.

Aquacultureithere are around 59 400 ha for aquaculture aesvih Tra Vinh.
The approximate output of aquaculture is estimaidae of 150 000 tons/year,
of which 63% correspond to shrimp farming. Otheodurcts include black
tiger, scallops, crabs and catfish. Currently, wierking capacity of seafood

processing factories can only handle the produatiod0% of export-oriented



output. Therefore, investment projects are beingiedh out to develop the

export seafood processing sector.

Table 1. Planted area and production of selected aps
in Tra Vinh Province, year 2008/
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3.1.3 Weather conditions

Tra Vinh is located in the subequatorial monsompitral area of Vietnam. The
province only experiences two seasons per yearaihg and the dry season. For the
whole MD, the North-East monsoon generates the/ rs@ason, consisting of 90% of
annual rainfall, and the South-West monsoon detemihe dry season that covers
10% of annual rainfall. The dry season lasts froovéinber to April and the rainy
season starts in May and lasts until the end oblart(Ko & Lee 2000).

The average temperature of the province duringimiayts of 27°C, reaching up to
36°C at its maximum level and having the lowestperature around 19 °C. As for
humidity, the annual average moisture ratio vafiemn 80 to 85% even though an
average of 90% or above can be observed in somésdduring the rainy season it
can reach up to 88% whereas during the dry seasoaround 79%.

Almost 90% of the rainfall in Tra Vinh occurs dugithe rainy season that goes from
May to October. Rain levels decrease gradually ftbexNorth to the South of the
province, with higher rainfall levels in Cang Lodgstrict and for a more extended
period of time (around 118 days per year) and loames in Cau Ngang district
(approximately 79 days of rain per year). During period of 1995-2008, the average
rainfall level during the dry season (November fari in Tra Vinh was 53.6 mm,
whereas in the rainy season the average value 38 ghm.

Figure 2 reveals that year 2008 was atypical becaaimfall levels reached a very
high value in the month of November (345.9 mm)1895 the highest rainfall levels
took place in the months of August and Septembgereas in 2000 —an exceptional



year in terms of rainfall and floods— the highesinfall levels were in July and
October (368.5 mm).

Figure 2. Monthly rainfall levels in Tra Vinh
province for years 1995, 2000 and 2008
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Although the highest rainfall levels are usuallgistered from August to November,
May 2008 represents an outlier with respect tostmae month in the other depicted
years. Even though May belongs to the rainy seaswiod, its rainfall level was
almost as double as the values from the other yesnpared in the graph.

Tra Vinh is also characterized for its high evapiatplevels. During the dry season,
the evaporating volume is higher, especially iraarelose to the sea, causing severe
droughts. Sometimes the evaporating volume is highen the amount of water
received by rainfall. This leads to capillarity sdlty water concentrated in the land,
and makes it harder to use it for crop developmienaddition, salinity intrusion is
another physical problem that occurs during the skgson. This phenomenon is
caused by sea water flowing inland when not endreghwater flows to the estuaries
(Be et al. 2007). Droughts and salinity intrusiorirra Vinh will be addressed with
more detail in subsection 3.2.

There are two types of wind currents that affee fpinovince. The first one is the
southwesterly monsoon wind that occurs between Bfad/ October, bringing steam
blows from the sea in the west of the province taatses rain. The second one is the
Northeast wind that takes place between Novembeiarch in a parallel direction

with large estuaries from the region. This windrent causes sea level to rise and



therefore ends up pushing salty water into deegniahlareas. Consequently, salinity
intrusion occurs and the agricultural productiodasnaged by it during this period.
Overall, the weather of Tra Vinh is stable throughthe year and the province is
rarely affected by strong storms. However, its proty to the sea increases the water
level of the rivers, and combined with the rapahtiamplitude, it causes floods for a
period of 3-4 months in part of Cang Long distiieorth of Tra Vinh) and some
central areas of the province, along the riversaed sunken areas in Cau Ngang,
Duyen Hai and Tra Cu districts. Nevertheless, ttaendge capacity is high due to its

proximity to the sea.

3.2 Drought vulnerability in Tra Vinh

Along with floods and typhoons, droughts are onehef many natural hazards that
threaten the economic and social stability of thieabitants of the MD. Te (2007)
mentions that, unlike floods, droughts develop mslmevly over periods of several
months; but when they do happen, their impact @deto economic, social and
environmental levels, affecting all those who depen secure water availability and
supplies. According to Te (2007),

‘The severity of a drought is dependent not onlyitenduration, intensity and

special extent, but also on the specific envirortalesnd the economic activities
carried out within.’(Te 2007, p.1)

According to Be et al. (2007), the short dischasfithe Mekong River, together with
the low groundwater table levels, leads to serishusrtages of fresh water for rice
cultivation and domestic drinking water during tthley season. These two factors,
along with the tidal fluctuations from the Gulf dhailand and the South China Sea
(officially called “East Sea” by the Government \dietham) act as constraints for
agricultural production in the delta, despite @sdrable conditions for such economic
activity (Truong & Anh 2002). Figure 3 shows theedtion of these water currents in
Tra Vinh.



Figure 3. Water flow constraints for agricultural

production in Tra Vinh

Additionally, droughts are a major threat to thédagulfate soils in Tra Vinh. The
subsoil contains acids that, if perceived in the leyers, can cause severe damage to
soil fertility. When such layers are moisturizediday is not a problem. However, in
the dry season water is depleted from the layensugih evaporation. During this
procedure,

‘(...) the water movement in the sub-soil changesangisvbringing along the acids,

which result in a rapid soil acidification and dexgfation process.(Te 2007, p.8)

According to the National Hydro-meteorological Feasting Center of Vietnam,

2010 has been a special year in terms of drougtircence for the country (Linh

2010). Due to El Nifio effect, the average tempeeatwas 3°C higher between
January-March than the average temperatures ofefoyears. Moreover, in October
of 2009 rainfall levels were around 70-90% loweartlother years, with some places
not even having rain at all in that month and tfeeeeresulting in water shortages.
Such unexpected patterns of rainfall occurrence dtty season starts until November)

are one of the many characteristic of droughts20@7).

3.2.1 Salinity intrusion

Tra Vinh is part of the 2.1 million hectares of tM® coastal area that is affected by
salinity intrusion mainly during the dry season%®0f its natural soil is encroached
by salty water. Although officially the dry seasiakes place from November to April,



salinity intrusion begins in December and normdHgts until the end of June
(depending on rainfall), achieving the highest lexa salinity in April. Around 18%
of agricultural areas of the province suffer froaliraty regularly during the whole
year. In particular the districts of Cau Ngang &ng/en Hai experience long periods
of salinity, limited access to freshwater and l@wvdls of rainfall. Hence, the harsh
conditions of Cau Ngang district cause difficultitBs agricultural production to
develop efficiently, making aquaculture (shrimpnfarg systems in need of brackish
water) and forestry two suitable activities for taeea (Tra Vinh Portal 2010). In
addition to this, by the end of the rainy seas@ombination of high moisture levels,
low temperatures and the widespread of northeasisatan cause frosting that affect
crops growth because of the significant levelsatifia the air.

The National Hydro-meteorological Forecasting Cemte/ietham announced that in
2010 the salinity intrusion began one month in adeathan the previous year in
several provinces, including Tra Vinh (VNS, 201Dhis early onset of the dry season
and the drought has caused saline water from tee &&= to enter as much as 40-50
km inland through rivers in the MD. The upwelling seawater has resulted in
damage to agriculture, aquaculture, and problendsily life of the population (Linh,
2010).

From this section it is possible to summarize saomlevant points. Tra Vinh is a
coastal province with an agricultural-based econoamd a majority of rural
population. Aquaculture has also been gaining gtremm the area given the facilities
to access brackish water. For these two econontivitees, water availability is
essential for their development. However, drougdutsl in particular salinity intrusion
and solil acidification are the main constraintsdoch activities. The next section will

deal with water sources and availability in the MiIDd in particular, in Tra Vinh.
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Given the strong agricultural activity that takéage in Tra Vinh, water is one of the
most important natural resources for the socioegonalevelopment of the province.
Droughts and salinity intrusion are common threatthe economy of the province
when there is not enough water for irrigation andsumption and when its quality is
low. This section intends to describe the curraatesof water resources of the
province. First, a brief explanation of water rases in the Mekong Delta will be
presented; then, a specific focus will be done rmuigdwater, which is the main water
source for the inhabitants of Tra Vinh province #vailability, quality issues and

overexploitation will then be described.

4.1 Water sources in the Mekong Delta

In 2008 the estimated amount of people living i@ D was of 17 695 inhabitants,
accounting for 20.5% of the country’s populatiorS@ 2010). Aside from the high
water demand for consumption of its population, MB is mainly devoted to
agriculture, and the water requirements are vegh Hor irrigation, industry, and
aquaculture.

There are 3 main sources for water use and congumpt the MD: rainwater,
surface water (river, streams, and canals) andngheater. These water sources are
unevenly distributed across the delta, and accgrda Tuan (2003), the people
choose their preferred source depending on thegseof the year, their location and
their living conditions. Table 2 presents the diéf@ water sources in the delta and

their main characteristics.

Table 2. Water sources in the Mekong Delta, Vietham
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In general, the MD has high annual levels of priéaijon. However, irrigation is still
necessary in the region because of the strongudigrial activity that is carried out.
Therefore, due to the extensive amount of surfaaemresources, surface water is the
main source of irrigation of the delta.
Nevertheless, the situation of Tra Vinh is diffdré@cause, as a coastal province,
salinity intrusion and sulfate soils do not alldve tuse of surface water for irrigation
and consumption. Huu-Thoi & Gupta (2001) menticat th

‘The salinity intrusion in the Mekong river syst&rfound more severe compared

to the one in the Bassac river. This can be expthioy the fact that the total flows

in the Mekong and the Bassac are nearly equal whiee are more branches in

the Mekong river and consequently the flow in da@nch is less comparable to

the flow in the Bassac river(Huu-Thoi & Gupta 2001, p.90)

Hence, the province uses groundwater as a mainnasdor water consumption and
use, and its inhabitants have a high level of déeece on it for their daily activities.
Particularly in the MD, groundwater is exploiteddapumped from two different
levels of depth: at 80-120 m for household welld ah400-500 m for groundwater
plants (Sanh 2010). The following subsection waktds specifically on the case of

groundwater use and extraction in Tra Vinh province

4.2 Groundwater in Tra Vinh

Since 2008, the Institute for Environment and HurBacurity of the United Nations
University (UNU-EHS) has been working on a projextdevelop case studies on
groundwater management in different countries sagh/ietnam, Egypt, and Iran.
This has been made in joint collaboration with eléint international

organizations/institutes, and in Vietnam the resgada one is the Mekong Delta
Development Research Institute (MDI) of Can Thowgnsity. The chosen province
for the development of the study case in Vietnans Wea Vinh province, mainly

because of its regular experience with droughtsiatahsive use of its groundwater
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resources (Renaud et al. 2008). In particulam ¢ceammunes were chosen: My Long
Bac and Long Son. They were selected because theyoasidered representative of
the province’s ecosystems (sandy bank land, fretlervand coastal land); they have
residents of all the ethnicities that can be foimdra Vinh (Khmer, Kinh and Hoa);
and finally because they encompass the differemma@uic statuses of the province.
According to preliminary information compiled byettUNU-EHS project, 80% of the
population of Tra Vinh relies on groundwater forlgaactivities, mainly for two
specific functions: domestic consumption and adpucal purposes. Such an
important resource is facing an ongoing problemuantitative and qualitative terms
(i.e. water scarcity, pollution and overexploitafiachat directly affects the livelihoods

of Tra Vinh'’s inhabitants. These problems will esdribed below.

4.2.1 Groundwater availability

Huu-Thoi & Gupta (2001) mention that there are fye@lrogeological units or aquifer
layers in the Mekong Delta (following the sequefroen the ground surface to the
bedrock): Holocene, Upper Pleistocene, Lower Rleene, Pliocene and Miocene.
Each of them contains partly fresh water and paéine water. According to the
Department of Natural Resources and EnvironmenfTraf Vinh (DONRE), the
information on groundwater in the province is oalailable at a depth of less than
400 m. For that depth, and through the area thatpoehends the 5 layers of the
aquifer, there is a total water flow of 1.08 millia¥/day (Dun et al. 2010).

The first aquifer layer, the Holocene (depth of @4m), only presents groundwater
during the rainy season. Even at that moment, waiesufficient to be extracted and
furthermore, its high contents of NGand NQ make it inadequate for consumption
and irrigation. Nowadays, wells are constructedtauparger depths from 80-120 m
below land surface, mostly extracting water frora Bleistocene aquifer which has a
depth of 80-100 m. This layer has been used sif868 wwhen UNICEF implemented
a project to supply drinking water through grountiewaextraction. Currently, about
85% of wells take their water from the upper pdrthe Pleistocene layer for farming
activities. Other organizations such as the Asiamvdlopment Bank and the World
Bank have also provided financial support to thevprce for water supply projects
for household consumption (Trung 2005 as citedanhS2010).

As means to access groundwater, Tra Vinh has ar88ra00-105 000 wells and 174

stations that in total extract 200 008/day. From these wells, over 12 000 are located
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in Cau Ngang district, which is the site where tlase study takes place. Since the
majority of people exploiting groundwater in theyince are poor, they do not have
to pay for the water (Dun et al. 2010).

Households have also started to build basic pumplseir own properties as a mean
to cope with water scarcity during the dry seaddevertheless, individual households
do not need permission from the Vietnamese govembrme construct small wells.
Therefore, there is no registered information regitbf the precise number of private
household wells nor of the amount of water withdraas it was mentioned in Section
2.

4.2.2 Groundwater overexploitation

Among the main activities in the province that retygroundwater resources for their
daily use are crop irrigation, shrimp farming amdgessing, livestock production and
industrial development and services (Dun et al.020lh addition to this, there is an
unrestricted access to the construction of privatee wells and water pumps for
domestic consumption and irrigation since a pernomssrom the Vietnamese
government for their construction is not mandatomhis overexploitation of
groundwater during the dry season reduces theisabtbty of groundwater supply
and increases the costs of water pumping (Danh)200& physical resource is less
rechargeable in the dry season, in which mostefithe there are droughts.

Tra Vinh has also undergone rapid changes onligskzape in the past decades. In
particular, agriculture has shifted from extensuétivation process (1 crop per year)
to an intensification of cropping systems (2-3 er@er year). Although this change
has empowered the province’s economy, it also asta threat for water security
during the dry season. Moreover, the rapid growtehoimp farming demands large
amounts of water that are obtained from undergramdces. As a result, the UNU-
EHS states that this over-exploitation of grouncwan Tra Vinh for irrigation and
shrimp cultivation has caused the groundwater lgeedrop by about 8 meters
(Renaud et al. 2008a).

It has also been noticed by specialists of UNU-Eht8 the electricity supply in some
areas of Tra Vinh is challenged by demand for al@tt caused by groundwater
pumps. If all farmers want to pump water at the esdmme, the electricity system
collapses and automatically shuts off. The probteen extends not only to a lack

water shortage, but to power shortage as well.



4.2.3 Groundwater quality

Nowadays more people are switching from surfaceewtd groundwater because
surface water is becoming increasingly contamin@ahh 2008). However, in Tra
Vinh the quality of groundwater resources is nowoalacing pressure because of
pollution levels, salinity intrusion and soil adidation. Around 2000 hand-pumps
have been abandoned due to salinity intrusion, witieans that they are not properly
closed to avoid the salinity from leaking to anytfer groundwater streams. These
are consequences of inadequate constructions ¢$,ielv quality of the installed
equipments or leakages from pipe systems. As foNRP (2005), they state that the
number of drilled wells and the distance among tla@enanother concern due to the
proximity among the wells. Even when a high numbemells have experienced
guality problems in terms of iron content, saliniyad odor or pH values, almost all
plans for the future are still based on the in@eaflsgroundwater extraction (Sanh
2010).

Besides the problems that salinity intrusion car{rentioned in Section 2), there are
other kind of factors that alter the quality of gnowater in the province. The
DONRE of Tra Vinh releases a “State of the Envirenthreport every five years, for
which the department takes annual samples fromngiwwater sources in the province
in order to develop qualitative analyses of thenazlcal components in the water. The
latest document was released in 2005 and the sesulbw that there are some
parameters that are not within the proper levelabiished by the Groundwater
Quality Standards in Vietham (TCVN 5944-1995), sashiron content, coliforms,
nitrates and pH levels. In particular, iron contesmiked considerably high for both
rainy and dry season, reaching from 1.3 up toim#g the standard set values. As for
microorganisms, the report states that all undewmgtowater samples were polluted
with microorganisms, in some cases with coliforntuea significantly exceeding the
standard levels.

More recently, the Department of Science, Technolgl Environment of Tra Vinh
(DOSTE) stated that a significant number of watighie province are polluted with
organic matter and chemical fertilizers, and 50%hef wells have and iron content
higher than the recommended level by the Vietnamstmedards (DOSTE as cited in
Renaud et al. 2008a). This demonstrates that therwgaality threat is still persistent

after 5 years.



Furthermore, several studies have highlighted tiesgmce of high arsenic levels in
groundwater of the MD that is used for drinking gpases (Dun et al. 2010,
Buschmann et al. 2008, Bang et al. 2008, Stagnet. 2005). Buschmann et al.
(2008) state that
‘Since the daily use of groundwater as drinking evdtas become popular in the
Mekong Delta only during the last 10-15 years,sitekpected that in the near
future victims suffering from chronic arsenic paisw will also be identified in
Southern Vietham(Buschmann 2008, p.757)

When individuals are exposed for a long period iofetto arsenic-rich water for
consumption, they might suffer from arsenicosis,iclhis the effect of arsenic
poisoning over a long period of time (5 to 20 ygaBome of the negative effects of
this condition are skin problems; cancers of thm,skladder, kidney and/or lung;
diabetes, reproductive disorders and high bloodsure (WHO 2010). In addition to
arsenic, Buschmann et al. (2008) also mentionrtfaatganese is another groundwater
contaminant in the MD. This one is particularly itoxor newborns, children, and
could have a negative effect on the intellectualetpment of the child if the
pregnant mother ingests it.

In terms of groundwater management in Tra Vinhieghe a lack of basic information,
along with a lack of human skills and of experiiseggroundwater issues (Dun et al.
2010). Together with complicated decrees at a akmdéwel, this results in poor
management of groundwater at the local sphere. Wdogrglucting a visit to Tra
Vinh’'s DONRE, the specialists from UNU-EHS disca@ithat the Division of Water
Resources Planning in Southern Vietnam (DWRPIS)dwsh reporting data from the
province (amount of wells, hydrogeological monibgristatistics) to the DONRE, but
they did not use it or claim that they did not haceess to it (Dun et al. 2010, p.18).
As they observed, the information of DWRPIS is mgigtent with the one presented
by DONRE, and even insufficient for further assessitof the state of groundwater.
This inaccuracy makes it even more difficult foesjalists to identify the real impact

of salinity intrusion on aquifers in Tra Vinh.

From this section, it can be highlighted that gidwater overexploitation, along with

salinity intrusion and pollution from different s@es are the major threats for water



security in Tra Vinh. In the long run, the rechaggicapacity of groundwater might
not be enough to recover from increasing water dvétvals, leading to the total
depletion of the resource. Unfortunately, water iwimg and studies on
groundwater quality and use are still lacking ira Minh, as in other parts of the
country.
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This section contains an overview of the econortécdture relevant to the research.
It aims to support the framework that will be usedhe next sections for the data
analysis. A conceptualization of terms consideradidfor the research —such as
drought and vulnerability— will be developed. Sulpsently, different methods for
vulnerability assessment will be reviewed. Finalthe Sustainable Livelihoods
Approach (SLA) will be detailed since it is the maelected approach for the study
analysis.

5.1 Current situation

Over the past years many studies have taken plac¥igtnam to address the
consequences of climate change for the country. Trternational Centre for
Environmental Management (ICEM) indicates in onetsfreports for the Mekong
River Commission that Vietnam is amongst the coestexpected to be most
severely affected by climate change (MRC 2009). oAgithe main climate change
predictions derived from the study for the soutlVmtnam are the following:

- Temperature increase of 1.1°C by 2050, with negatiffects on agriculture,
extension of drought periods and increase in thedé@mce of epidemic
diseases.

- Seasonal rainfall predicted to decrease in July Angust and increase in
September, October and November. The shortagerofluaing the dry season
will then result in extended droughts periods.

Taking into account these predictions and the oars&ate of drought in Tra Vinh, it
is crucial to study the socioeconomic conditionshef area in order to develop coping
and adaptation measures for this natural phenomeasrthe frequency of it is
expected to rise in the future (Pandey & Bandh@fi9). The focus of the analysis
presented in this section covers vulnerability toughts at a household level through
the study of livelihood assets, properly embodiathiw the sustainable livelihood
(SLA) framework.



5.2 Conceptualization of drought and vulnerability

Drought is defined as meteorological failure causga@ shortfall of precipitation in a
given period of time of more than a certain peragatfor the area (Gupta 2002).
However, this definition tends to present only tiaural and physical description of
the phenomenon. Pandey & Bandhari (2009) acknowl¢lat the impact of droughts
also depends significantly on social and economitext of the area being studied.
Analyzing droughts is generally difficult becausénas a more complex nature than
other natural phenomena, and is, as Wilhite staties,least understood’ of all of
them (Wilhite 1993 cited in Wilhelmi & White 200Zfhere are three main aspects in
which drought differs from the rest of natural pberena: 1) the difficulty to
determine its precise onset and end, 2) the absd#receommon, universal definition
of drought and 3) the lack of attention given to bicause it involves less
infrastructure damage than other natural hazardsagbquakes and floods (Wilhite
2000 cited in Pandey & Bandhari 2009).
Also, drought management and preparedness diftsvgelen countries. For instance,
while industrialized countries invest about 2.6%tadir agricultural GDP in research,
the expenditure of developing countries in rese@astimated to be only of 0.62%
of their agricultural GDP (Pal and Byerlee 2002diin Pandey & Bandhari 2009).
Consequently, improvements in technologies for dnbumitigation are harder to
achieve in developing countries. The authors stete

“Considering its complex nature and wide variatianross time and space, it is

somewhat impractical to develop a universally amgiie definition of drought.”
(Pandey & Bandhari 2009, p.14)

Droughts tend to have significant socioeconomicaatp in terms of food security,
livelihood sustainability, poverty levels and vulakility, and distress in
environmental conditions. Since this research d@mmf®cus on drought vulnerability
at household level in Tra Vinh, some key terms baldefined.

First, the concept of vulnerability should be siate the economic literature one can
find many definitions for vulnerability. For thissearch, the definition stated by
Wisner et al. (2003) has been chosen given that tihe most suitable one for the
analysis. The authors define vulnerability as

“(...)the characteristics of a person or group aneitsituation that influence their

capacity to anticipate, cope with, resist and remofrom the impact of a natural



hazard (an extreme natural event or process).Mbives a combination of factors
that determine the degree to which someone’sliifelihood, property and other
assets are put at risk by a discrete and identifisgvent (or series or ‘cascade’ of

such events) in nature and in societfWisner et al. 2003, p.11)

Wilhelmi & Wilhite (2002) agree that even if therae many definitions of
vulnerability, most of them share the idea thatneuhbility shows the degree of
susceptibility of society to a hazard. Such susb#jpy varies according to the level
of exposure to the hazard as well as to the passiyhing abilities. This description
goes in line with the two dimensions of vulnerdbilisensitivity and resilience
(Brooks et al. 2005, Moser 1998, Turner et al. 200®ser (1998) defines sensitivity
as the magnitude of a system’s response to annextevent. As for resilience, it is
defined as the ease and rapidity of a system’sveggdrom stress.

In some literature, the term vulnerability is ditgdinked and often equated with
poverty (Christiaensen & Boisvert 2000, Moser 199dlhelmi & Wilhite 2002).
Nevertheless, there is a difference between thectwaepts in terms of time horizon:
poverty is generally defined through different istaindicators representing an
economic state at a defined moment, whereas vilitigydhas a dynamic connotation
that considers ex ante behavior and responses deteamined shock. This time
dimension gives place for social responses andsadgnts to be included under the
approach of vulnerability.

Some definitions conceive vulnerability as an irgtegent dimension of the present
state of poverty; instead, they emphasize the fibtyatoday of being poor at some
point in the future —also known as ‘expected poyvert(Christiaensen & Subbarao
2005, Coudouel et al. 2002). Nonetheless, sinceibieability of falling into poverty
in the future is impossible to determine, Coudaiedl. (2002) propose that, in order
to analyze vulnerability, one can use the variaiohincome and/or consumption as
proxies. Such analysis could also be extendedpfeciic nonmonetary variables that
also tend to fluctuate and are related to vulnétapbsuch as health status and weight
asset ownership among others. Vulnerability asseistamof this kind are further
described in subsection 5.3.

Finally, Pandey & Bandhari (2009) combine both bk tconcepts previously
studied—drought and vulnerability—in one singleidligbn, which was chosen as the

core concept for the purpose of the research amalykhey definedrought



vulnerability as the degree to which households are susceptiltlee adverse effects
of drought. The following subsection addresses somthe methods employed to

assess vulnerability under quantitative and qualéaneasurements.

5.3 Vulnerability assessments

It must be emphasized that vulnerability is notyeaisher to define or to measure.
Furthermore, the selection of variables to be ibetl in a vulnerability analysis
depends on the focus given to the research. Somables related to vulnerability
such as technological, economical and demograpbited are easier to measure and
therefore straightforward analyses can be done.edewy other societal variables are
more difficult to conceptualize and assess, addmmplexity to the definition of a
measure of vulnerability (Wilhelmi & Wilhite 2002).
For example, Wisner et al. (2003) advise in ordefutly understand the impact of
risky events for the development of vulnerabilitydies to include variables such as
individuals’ class, occupation, caste, ethnicitgnder, health status, nature and extent
of social networks. These variables are in linehviite ones defined by Pandey &
Bandhari (2009) in their definition of vulnerabylit but they also take into
consideration the income variable.
Turner et al. (2003) developed a model to examuleerability considering some
elements as essential factors for a proper analgsgosure beyond the presence of a
perturbation (including the way in which the systerperiences hazard), sensitivity
of the system, its capacity to respond or copeitsnebstructuring after the responses.
Also, Coudouel et al. (2002) mention in their reshasome important qualitative
aspects that help to complement the important éspévulnerability, which are:

- households’ participation in informal networks

- variation patterns in household income and consiamp(i.e. seasonal

variations)
- people’s perceptions of their vulnerability anddeterminants
- various strategies households put in place to edhbeir vulnerability (i.e.

selling assets, reducing consumption, changing labpply)

5.3.1 Quantitative measures
Different opinions have been expressed with resgecthe act of measuring
vulnerability. Luers et al. (2003) state that itcemplicated to do so because of the



lack of consensus on the exact meaning of the tdrencomplexity of the system
being analyzed, and the fact that vulnerability riet a directly observable
phenomenon. Moreover, a universal concept of valmbty that aggregates various
outcomes might not be possible because of the shvereasures of the different
outcomes (Alwang et al. 2001).

Even under these circumstances, different quaingtand semi-quantitative metrics
have been proposed. For example, Luers et al. 2fl88uss some of the main ones
like the use of indices to measure vulnerabilityféod insecurity and to climate
change, which include variables of different thdmadreas (i.e. environment,
economy, society, human capital). Also, Makoka @O08nalyzes in his study the
impact of drought on household’s vulnerability inaldwi by using panel data. His
model defines vulnerability as expected poverty ages consumption as a measure
of household welfare. Coudouel et al. (2002) mentialinerability profiles and
regression analysis of changes in consumption towerand of movements in and out
of poverty as an analytical tool to assess vulnk@hbin their study it is stated that
regressions can be used to assess the determeofactianges in income or poverty
over time, defined according to various charadiedgssuch as demographics and
place of residence.

Finally, Adepetu & Berthe (2007) developed a moafehousehold vulnerability to
drought and applied it to rural sahelian househoidglali and Nigeria. Their model
starts off by stating that vulnerability is a fuioct of the household’s exposure to
droughts and the livelihoods assets available ® Hbusehold that provide the
capacity to cope with, recover from and adapt twugdht and its impacts. Then, by
means of household surveys, the respondents pateci in a vulnerability ranking
exercise in which they categorized themselves lieetltlasses of vulnerability: very
vulnerable, vulnerable and least vulnerable. Comsetly, the authors performed a
multivariate analysis to identify how the selectactors influenced the probability of
a household being classified in one of the threeel$e of vulnerability (more
information about this model is presented in Appehd

All these methods are considered valuable in givimgight on the situation of
vulnerability in different geographic regions owene. However, their quantitative
aspect presents limitations as well. In many case®nded panel data is necessary,
and such information has the disadvantage of bexpgnsive to retrieve and difficult

to compare (i.e. it is hard to interview exactlg #ame households after several years).
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Also, there is subjectivity involved in the selectiof variables and their relative
weights, and it is complicated to test or validdte different metrics (Luers et al.
2003). Finally, the chosen variables might not egprtheir meaning thoroughly. For
example, costs of drought in agriculture are gdlyeraeasured according to the
production losses, but this only represents pathefoverall economic cost. In rural
areas agricultural production is considered a rsaurce of income and employment,
and a decrease in production could set off indieftéécts through forward and
backward linkages of agriculture with other sec{®andey 2007).

5.3.2 Qualitative approaches

With the increasing interest in trying to quantifylnerability as a tool of planning
and policy making, a debate has arisen on the cob@ance between guantitative
and qualitative data when studying vulnerabilityigWér et al. 2003). Dercon (2002)
states that qualitative studies tend to provide endetailed understanding for a
vulnerability analysis. Instead of just focusing @mmerical data, qualitative
assessments on focus on households’ responsesdapthtton measures toward a
specific shock. Nevertheless, the results of thigd kof studies tend to be more
difficult to aggregate and to compare across arAdditionally, these studies have
also the limitation of subjectivity in the selecticof data. However, given the
broadness and complexity of the concept of vulnknghresearchers tend to choose
the indicators for studying vulnerability —even #ubjectively— based on
assumptions about the factors and processes le&alinglnerability, informed by
literature review and intuitive understandings oirtan interactions (Brooks et al.
2005). Instead of focusing only on specific determnits inherent to a particular
circumstance, Brooks et al. (2005) recommend toufo®n more ‘generic
determinants’ which are most likely to influencelnarability to a wide variety of
hazards in different spatial and social contexts. (poverty level, elements of
governance, health).

The different approaches in which vulnerabilityassessed depend on the discipline
in which the study is being carried out. Alwangakt(2002) state that under the view
of the branch of economics some of the frequentagmbhes that are used are poverty
dynamics, asset-based and sustainable livelihdedss.this research, a qualitative

analysis of vulnerability was performed by studyihg livelihood assets within the

%



framework of the SLA. This approach is explaineddetailed in the following

subsection.

5.4 The Sustainable Livelihoods Approach (SLA)

The Department for International Development of th€ Government (DFID 1999)
considers the livelihoods framework as a tool tgrove the understanding of
livelihoods, especially those of the poor. It wasginally developed by the
Sustainable Rural Livelihoods Advisory Committead @uilt on early work by the
Institute of Development Studies (IDS). Carney let(H99) compiled the different
SLA’s implemented by development agencies such BEDDCARE, Oxfam and
UNDP. All of the agencies based their approachesCbambers and Conway’s
definition of livelihood:

“A livelihood comprises the capabilities, assetsdactivities required for a means

of living. A livelihood is sustainable when it caope with and recover from

stresses and shocks and maintain or enhance itsbdées and assets both now

and in the future, while not undermining the natuesource base.(Chambers &

Conway 1992 cited in Carney et al. 1999, p.8)

Ellis (2000) first states that the notion of ‘suisédle rural livelihoods’ is derived
partly from ecological definitions of sustainalyl&nd partly from economic and social
development preoccupations with poverty, vulnergbénd food security. Also, he
stresses the dynamic component of livelihoods: teepond to changing pressures and
opportunities and they adapt accordingly.

DFID considers the SLA as an approach to achievenpelimination instead than a
goal in its own right. Furthermore, it emphasizhee tmportant of capital assets.
Figure 4 shows the SLA’s basic structure. Withins tframework, there is a
Vulnerability Context that encloses the environmianivhich people exist. People’s
livelihoods and their availability of assets aréeefed by shocks and seasonality.
Although not all shocks have negative impacts, tédren of Vulnerability Context
focuses on the set of influences that affects tirec indirectly the livelihoods of the
poorest people. The livelihoods of poor peoplestiressed under this context because
they are in general unable to cope with stresgemjanipulate their environment to
reduce them, or even to benefit from them when iplessbecause they lack assets



and strong institutions to help them; therefore db@iag increasingly vulnerable
(DFID 1999).

Figure 4. DFID Sustainable Livelihoods Framework
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DFID promotes the SLA by encouraging direct supporassets and more effective
functioning of the structures and processes thiiieince access to assets and to
livelihood strategies for poor people. The mairaidé¢ such empowerment is that, by
enabling access to assets, poor people will havierbepportunities to influence
structures and processes (Carney 1999).

The Livelihood Guidance Sheets (DFID 1999) mentihat when studying
livelihoods, the focus can be done on any parhefftamework, as long as the wider
picture of the general framework is kept in mindr Fexample, rather than fully
understanding all the dimensions involved under Yhénerability Context, the
objective should be to identify the trends, shamhkd aspects of seasonality that are of
particular importance to livelihoods. For the résulf this research, the focus will be

done on the role of assets in the SLA and theatig with vulnerability.

5.4.1 Asset-based approaches
Various asset-based approaches have been suggestadentify vulnerable
households (Alwang et al. 2001, Brooks et al. 2@jstiaensen and Subbarao 2005,



Thornton et al. 2006). Generally, these approachesbased on the description of
poverty as caused by inadequate access to taragitilentangible assets (Alwang et al.
2001). The availability, access and affordabiliy different assets can define the
vulnerability of a household (Pandey & Bandhari 200n this way, household assets
could work as a tool for risk management.

Moser (1998) considers that the notion of vulnditgbis closely linked to asset
ownership. In her research the author identifies ¢haracteristics of urban poor
households in terms of an asset vulnerability fnaor&. However, not only does she
describes the obstacles and opportunities of assetmulation; she also shows the
importance of asset management in household vdiiiéyato transform them into
income, food, risk coping tools or other needs. ifitngortance of Moser’s study relies
in the fact that it deepens beyond the static nreasdi income-poverty when
households are affected by an external shock. ddstby implementing an asset
framework it manages to capture complex exterr@bfa that affect the poor, as well
as their response toward such events.

The notion of asset accumulation has also been fgeduantitative studies. For
instance, Elbers & Gunning (2003) concluded in rthepiantitative study that the
inclusion of asset measures in regression-basaterability measures significantly

improved the accuracy of their model.

5.4.2 Livelihood assets under the SLA

The livelihoods approach aims to get an accuratentstanding of people’s strengths
(assets or capital endowments) and how they cortlierh into positive livelihood
outcomes (DFID 1999). The approach is based ord#eethat people require a range
of assets to obtain positive livelihood outcomes] that no single category of assets
by itself is sufficient to yield all the livelihoodutcomes that people look for. The
combination of assets is what allows them to ensurproper livelihood. This
formulation goes in line with Moser’s view of assas factors that comprise valuable
insight regarding vulnerability proneness.

This livelihood framework identifies five core atse&ategories or types of capital:
human, physical, social, financial and natural @dpiAlthough the term capital is
used, not all the assets qualify as capital stotkise strict economic sense. However,

the term is used because it is the common desmnathong similar literature.



The SLA from DFID organizes the five assets in atpgon that lies within the
vulnerability context of the framework. This geonel shape was developed to
enable descriptive information about people’s assetbe presented visually and to

represent the links between the various assets.

Figure 5. The asset pentagon from the Sustainablauelihoods Framework
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As observed in Figure 5, all assets are linkedvendenter of the pentagon. This point
represents zero access to assets while the outeneper represents the maximum
access to assets. Based on this figure, differeapexd pentagons can be sketched
according to the availability of assets in diffdresocial groups. If an internal
pentagon is drawn symbolizing the situation of gipalar group, it gives a relative
view of its asset endowment.

Livelihood asset categories can be strongly linkethin each other. For instance,
high levels of natural capital (i.e. land ownerghgould suggest a high level of
financial capital. DFID states that in order to arsland the complex relationships
between assets, one must look beyond them andxtoaliee them into the structures
and processes that transform these assets intindiwed outcomes (DFID 1999). The
five assets or capital endowments included in tbgetapentagon are described in
detail in the Sustainable Livelihood Guidance Sh¢B-ID 1999) and presented as

follows:



Human capital: refers to the skills, knowledge, ability to workdagood
health that altogether enable people to pursuerdiit livelihood strategies.
At a household level, it is a factor of the amoahtuality of labor available
(varies according to household size, skill levhkalth status). Human capital
is considered very important because it is requicethake use of any of the
four other types of assets. For example, thered®se relationship between
the way that knowledge is generated and transmatteldsocial capital.
Physical capital: comprises the basic infrastructure and produceddgo
needed to support livelihoods. Examples of physiegital that maintain a SL
are transport, shelter, water supply and sanitaterergy, and access to
information. For example, infrastructure such as adso and
telecommunications are key factors to the integnatof the remote areas
where many of the poor live. It allows them to mdetween rural and urban
areas and also to have better information aboutlad@ opportunities in
diverse areas (possible migrations).

Social capital: refers to the social resources upon which peopsavdn
pursuit of their livelihoods objectives. It is obtad through networks and
connectedness, membership of formal groups andiams$hips of trust,
reciprocity and exchanges that may provide thesbfasiinformal safety nets
amongst the poor. Social capital can enhance tbesacand management of
other types of capital. For instance, it can imprtive efficiency of economic
relations and facilitate dissemination of knowledge

Financial capital: refers to the financial resources of householdactueve
their livelihood objectives. It includes flows arstiocks and contributes to
production as well as consumption. It refers to #wvailability of cash or
equivalent. The two main sources are availablekstdice. savings, livestock,
and jewelry) and regular inflows of money (i.e. pens, remittances,
transfers).

Natural capital: refers to the natural resource stocks from whicouece
flows and services useful for livelihoods are dedvThere is a wide variation,
from intangible public goods (i.e. biodiversity) thvisible assets used for
production (i.e. land). This type of capital is yemportant for those who

derive their livelihoods from resource-based atigsi (farming, fishing,



mining, etc). However, it goes beyond this aspgcbéing a determinant of

overall well being (health, survival, etc).

As with other approaches, the study of liveliho@dsets within the SLA has its
drawbacks. Although SLA can be conceptually strand very descriptive, there are
not many empirical applications available in thteriture. Furthermore, there is not

much discussion either on a ‘minimum level of liiebd’ (Alwang et al. 2001, 2002).

5.4.3 Incorporation of vulnerability benchmark irttee SLA
In general, the poor and near-poor people (witlpeesto a poverty line measure)
tend to be the most vulnerable because of theitddraccess to assets and abilities to
respond to external shocks (Alwang et al. 2002)sdme cases, the fact that richer
people accumulate more goods means that they are fjo lose a higher share of
their wealth to natural disasters than poor peapte However, in general wealthier
households deal with income shocks relatively wd#nce, they are better-off than
poor households in the overall context of natursdsters.
Alwang et al. (2001) support the idea that the merthe most vulnerable with some
statements:
- They are often more exposed to risky events suctatasal disasters because
of their location
- They have less access to assets that can be useth&ge risk
- They are less likely to be able to call on socagital claims
- They are less likely to receive social servicebfuing a disaster because they
tend to be politically neglected
- When vulnerability is defined with respect to ancmume (to increased poverty,
for instance), then the poor are more vulnerabtmibse they are closer to or
already below the threshold
- They are more likely to bear the burden of humasiscassociated with risks

In order for the term of vulnerability to be useéuld measurable, it has to be defined
as vulnerability to a measurable loss below a mimmbenchmark. Without this, the
concept becomes too imprecise for practical use& €uld generalize that the most

vulnerable people are the poor ones, but as Moaess



“Although poor people are usually among the mosherable, not all vulnerable
people are poor.(Moser 1998, p. 3)

In their simple approach, Pandey & Bandhari (20@@ntify vulnerable households
using an income cut-off level. To link it with patg they set the threshold arbitrarily
at 20% above the poverty line. Nevertheless, in éhds this only represents an
upward shift of the poverty line. Households whise®mes are below this level were
defined as vulnerable. This approach concurs Mitiser’s idea that there is a group
of vulnerable people that does not necessarilyrgeto the poor.

For the development of the case study of Tra Valvulnerability assessment was
developed using the livelihoods assets approachthef SLA, together with a
vulnerability benchmark based on the one implentehiePandey & Bandhari (2009).
Also, a regression analysis to study the possibterchinants of damage costs caused
by droughts was carried out using the model of Atiegand Berthe (2007) as an
example to select the explanatory variables forrdsearch model. The outcome of
the analysis is extensively detailed in upcomingieas.
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This section will explain the methodology that wesed in this research. As it was
mentioned in Section 4, the UNU-EHS has been wgrlon projects related to
groundwater management in countries that are vaiherto droughts. For the case of
Vietnam, they worked in joint collaboration withetiMiDI in Can Tho University.

In September 2009 staff from the MDI carried outcasehold survey questionnaire
related to the vulnerability to groundwater use amhagement in the communes of
My Long Bac and Long Son in Tra Vinh province. Aaoof 241 households were
interviewed, of which 120 were located in My Long@dand 121 in Long Son.
However, two observations from Long Son were lait com the study since
information was incomplete for both households.

The questionnaires included different kinds of infation related to the family
profile, the household income, access to drougleictsts and institutional provisions,
coping and adaptation measures, use of groundwattre area, and households’
perceptions of droughts. This questionnaire cariobhad in Appendix 2. With this
information, the asset pentagon of the SLA was @ased descriptive tool to show the
weighting of each of the core assets for variolscsed groups. As mentioned in the
previous section, the criteria that was used tonde& vulnerability threshold was
based on Pandey & Bandhari's study (2009), in wiiehbenchmark was set at 20%
above the poverty line. The latest update maddéyGiovernment to the poverty line
of Vietham was done in 2006, and transformed to82pfices it was defined as
3.480.000 VND/capita/year for the rural areas (&B08), which is the equivalent of

182 USD. Hence, the benchmark considered for vulnerabimigasure for the asset
pentagon analysis is of 4.176.000 VND/capita/year29 USD). If the income level
per capita is higher than this value, then the &balsl is considered as non-
vulnerable, whereas if it is equal or below thiduea it is considered a vulnerable
household.

As for the model that was used as a referencehmrstlection of variables for the
Heckman test in Section 9, it was based on AdepstliBerthe’s model (2007) on
household vulnerability. However, data obtainedrfrthe surveys performed in Tra
Vinh do not provide information on categories ofnarability in which households
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are grouped, as they are aggregated in their mddetefore, aggregated damage cost
due to droughts over the past 5 years was usedhasintlicator of drought
vulnerability. By developing a regression and cctirgy for sample selection bias
through the Heckman model, Section 9 explainsdbkalts of the regression of similar
variables as the ones in Adepetu and Berthe’s miodigle overall damage costs of

the period 2004-2009.
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The results of the survey conducted in Long SonMpd.ong Bac are organized in 6
subsections: general information and charactesistichouseholds; composition of
households’ income; impacts of droughts on inconmel activities; access to
information and assistance during drought periodping and adaptation mechanisms;
and local perceptions of drought occurrence andemwatcess. In general, the
information is assessed by comparing the datatsesfithe two main categories that
were established —vulnerable and non vulnerablesélmlds— as a way to
determine if there are specific traits and desicmst inherent to each of the groups.
However, part of the information is also analyzeder an aggregated approach of all
the responses from the sample.

7.1 General household information and characteristis

To start the analysis, households were classifietdvden vulnerable and non
vulnerable ones according to the benchmark baseBamuey & Bandhari’'s study
(2009), as it was previously stated in the methoghpl Table 3 shows this division
among households per commune. In My Long Bac, A%éioolds are vulnerable,
which represent 24% of the households that weeni@wed in this commune. For
the case of Long Son there are 34 vulnerable holdghrepresenting 29% of the
total surveyed households of the commune. Conséguanound one fourth of the
total sample is composed of vulnerable househ@%j. With respect to the gender
of the family head, male figures predominate amthregsample: in both communes

around 82% of the households’ heads are men.

Table 3. Number of households according to vulnerality
level, gender of household head and commune
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Some of the general characteristics of the houdgshby vulnerability group are
presented in Table 4. Both types of households baveverage between 4-5 members
in their family. The average age of the househaddhin both groups is near to 50
years (53 for vulnerable and 50 for non vulnerdigaseholds). As for the education
level of the household head, the average year<lubating in the two groups is
significantly low, implying that most of them didon —or barely— finished
elementary school. Despite this low level, the ageryears of schooling for the head
of non vulnerable households is indeed higher (6/28rs) than the one of the

vulnerable ones (4.38 years).

Table 4. General characteristics of households in
Cau Ngang district by vulnerability group
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Table 4 also presents information about the incofmthe households. The average
net income per household for the vulnerable greugf .80 USD, representing only a
6% of the average net income perceived by non valte households. In terms of
income per capita, vulnerable people live on averagh 43 USD per year, whereas
non vulnerable people perceive the significant @rglimount of 2818 USD per year
on average. It is worth mentioning that, with redge the category of land ownership,
there is no significant difference between the ager size of land owned by
vulnerable and non vulnerable households. This estgghat natural assets such as
land might not be useful for the determination afnerability of households in Cau
Ngang, given the hardly noticeable difference amibiegwo groups.

Under vulnerable contexts, memberships play a wepprtant role for the household

members. Besides the fact that they create a sdEnselonging for the inhabitants,
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they act as critical safety nets in difficult timéise. as formal/ informal credit
mechanisms). Moser (1998) even states that thextetdevhich a community can be
considered itself as an asset to reduce vulnemaliépends on its stock of social
capital. Although information of social networks ositd be considered when
developing programs to target vulnerability, onewt not take for granted that the
membership to a network is a direct proof of amiaace mechanism (Dercon 2002).
By studying the memberships of the household heddss observed that non
vulnerable households have a slightly higher aweragmber of memberships
compared to vulnerable households.

Another key asset to assess household vulneratsilitye proximity of the house to a
commune center or to a main road. With better acteg€ommune centers, families
have more opportunities to engage in markets wtierg can trade their goods and
services incurring in lower transport costs. Algmximity to other households helps
them to develop and reinforce social networks sascfarmer associations and women
unions, which could act as useful resources dutmagsh times. Furthermore,
proximity of the household to a road facilitates\psional migrations of individuals

as a way of diversifying their income sources.

Figure 6. Household proximity to a road or

commune center by vulnerability group
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Figure 6 illustrates the distribution of househoidsCau Ngang according to their
vulnerability level and to their proximity to a mbaor commune center. It can be
observed that for both groups, most of the housedazated close to a local road

(39% of non vulnerable households and 37% of valolerones).



According to the SLA, the lack of certain typesimffastructure is linked to poverty
levels and thus to vulnerability. If households i have adequate access to water
and energy, human quality decreases (DFID 1999ur€i7 illustrates the ownership
of physical assets by vulnerability group. For amste, 37% of vulnerable households
own at least one pig cage, against 33% of non valhe ones. This is the only
category in which the share of non vulnerable hbokks with access to the asset was
lower than the share of the vulnerable group; fer test of them, non vulnerable
households have a higher percentage of accessety agset. More than half of the

households have access to a motorcycle, a TV aeteatric pump.

Figure 7. Share of asset ownership according
to household vulnerability level

Assets for water supply and storage are presesfatately from the rest of the assets
given the importance of this natural resource endase study. Figure 8 shows that the
two most selected assets as important mechanismsater supply and storage are
deep wells (chosen by 52% of all households) anallswater containers (chosen by
49% of all households. According to Sanh (2010tewatorage is a major activity of
local people in Cau Ngang to cope with drought endeneral with the dry season.
This fact might explain the high percentage of betlinerable (76%) and non
vulnerable (72%) households that own at least amallswater container. An
interesting result is that only 8% of the total péerhas access to tap water, therefore

it is not considered a priority supply source as ih urban areas of the country.



Figure 8. Ownership of water-related assets accondg
to household vulnerability level
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In Long Son and My Long Bac communes, groundwaeéheé main source of water
for diverse purposes (i.e. irrigation and domesbasumption). From the surveyed
households, 85% owned at least one deep well, septed by 29 vulnerable
households and 78 non vulnerable ones (Table Sh,Alhe maximum number of deep
wells owned by a vulnerable household was of 3,red®in the non vulnerable group
there were households with up to 5 deep wells.ohshe financial means to purchase
or construct the deep wells, a total of 88% of tbgpondents reported to use their
savings, followed by public loans as the secondnnimancial source (7%), and

money from relatives (2%).

Table 5. Number of households who own a deep wefisr
vulnerability group and amount of wells
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In Table 6 it can be seen that as households iseriir deep well ownership from 1
to 3 wells per household, the average land forcalitire and aquaculture for those
groups also increases. This suggests that housetaid to augment their number of

wells when they have bigger properties to irrigate.

Table 6. Average area for agriculture and aguacultee purposes
according to the number of available deep wells pdrousehold
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7.2 Composition of households’ income

In the survey, household respondents were asksthte their sources of income by
type of activity. The shares of income derived frime different activities for both

groups can be seen in Figure 9.

Figure 9. Share of gross income according to
type of activity and vulnerability level
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From the total gross income derived from the 6e&tdble households, 70% comes
from on farm activities. The second main sourcencbme for this group corresponds
to non-farm activities. For non vulnerable housdlalhe share of income derived



from on-farm activities is also the strongest obet is lower than the first group
(65%). However, non-farm activities do have a biggeare of total gross income of
non vulnerable households (31%) than they do onwheerable group (23%).

Pensions, relief and money from relatives repreaergdry small share for both groups
(between 1-2%).

Figure 10. Structure of on-farm gross income per tge
of household according to farming activity
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Figure 10 shows the share of each of the 5 poskhnteing activities carried out by

the households from the survey. In can be obseahatdn-farm income of vulnerable
households is mainly attributed to rice crops (45%hile for the non vulnerable

group the activity with the highest share of grossome is the production of fruits

and vegetables. Poultry has the smallest sharenadme for both groups, and
aquaculture activity creates a higher share ofnmedor non vulnerable households
(11%) than it does for vulnerable ones (6%).

When the households were asked to state what veashidwe of importance of on-
farm income ten years ago (1999), 67% of themedplat on-farm activities created
80% or more of their total gross income. Nowadaysdy 54% attribute 80% or more

of their income as a result of this type of acyiviThis suggests that income
diversification has taken place over the past &ars; by farmers gradually switching
from on-farm activities to aquaculture and off-faaetivities.



7.3 Impacts of drought on income and activities

When asked about drought occurrence, 75% of thedimlds from the sample stated
to have undergone at least one. As for directs atspgaom drought perceived by local
people, they ranked as first the negative effectdadught on rice yields and
production. The second most frequent outcome perdeafter drought are the direct
damages of other crops (19%), followed by the desmein productivity of crops
(10%). Figure 11 exemplifies the main impacts adicwy to ranking of importance

given by the local people.

Figure 11. Main impacts of drought occurrence among
surveyed households in Cau Ngang district
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When quantifying the total economic damages duedwnal and severe droughts
within the past five years (2004-2009), the repbeggregated estimate was of nearly
70 000 USD (1.3 billion VND). These costs includegrdamage, livestock casualties
and human health problems. From this number, al®@% were damages reported
by non vulnerable households. Out of the 239 haaldsh only 181 reported their
damage costs (76% of the people). Using this in&bion, the average loss per
vulnerable household that responded is of 216 U&PBreas the average loss per non
vulnerable household is of 439 USD, almost twicethas vulnerable average loss.
The relative impact of drought damage is notoripukigher for vulnerable
households: considering that the annual incomevphkrerable household is of 216
USD, the economic damages caused by droughts esppras119% of their yearly



income. For the case of non vulnerable househtiiésaverage damage of 439 USD
represents a 15% of their average annual income.

Over the past years, some households have shifted 6ne on-farm activity to
another one thanks to infrastructure and technolagprovements. From all
households, 35% mention that they shifted fromnalsirice crop to a double rice
crop per year, mainly because of the constructibdylie systems and due to the
improvement of canal systems. Therefore, accefi®sb water is better and salinity
intrusion is avoided, enhancing rice production.

Also, 31% of the sample reported to have switclmechfsingle rice crops to vegetable
crops. The main reason for this variation was thestruction of deep wells in the
households. Finally, the third most common shiftfrem traditional rice to high
yielding rice, performed by 31% of the househol8switch to rice-shrimp systems
occurred for 17% of households, but changes to morstirimp culture or fish raising

were not that frequent.

7.4 Access to information and assistance during dught periods

When local people were asked if they had acces$rdaght forecast information,
96% of the households replied positively, with 26#4hese responses corresponding
to vulnerable households. The main sources for saoog the information are

presented in Figure 12.

Figure 12. Sources of drought forecast information
according to vulnerability group
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Most households have access to drought forecasisgi televisions (85% of the
sample). The second most frequent source for feteicdormation are neighbors
(27% of all households). This type of social cdpgt&resses the importance of
networking and connectedness among householdg idistrict. The dissemination of
information through informal conversations shows&a much stronger asset than
other mechanisms such broadcasting systems araf tesdios.

After receiving drought information, families redwy implementing ex-ante coping
mechanisms. The most frequent mechanisms are ustatle seasonal calendar (47%
of the households chose this option), prepare tiemequipments (30%) and change
their type of crops or livestock (17%). The optihnmigration for diversification of
activities was only selected by 2% of the househwolidh access to information. It can
be inferred that households in both communes exweri with other coping
mechanisms before deciding to migrate to a neadwedor income diversification.
According to the interviewees, the most frequentigntioned source to obtain
information about previous drought and related eepees is the television (52%).
Also, information given by the office of the Cent@2ommittee for Flood and Storm
Control (CFSC) of the commune and conversations \iends are considered
important sources when learning about droughtedlagvents (31% and 18%
respectively).

Informational sources are not the only ones acdelggeople in Long Son and My
Long Bac. When asked if they accessed financiatcesuduring the drought season,
96% of them responded affirmatively. Both vulneeadhd non vulnerable households
turn to banks as their main source of financial (@und 45%), to relatives (around
12%), and to sources such as moneylenders andooeggh

7.5 Coping and adaptation mechanisms

In order to diminish the negative impacts of drasglocal people tend to adjust their
consumption and production patters as a way to weghepossible damage. Migration
is also a common response of farmers when they teedversify their incomes due
to losses in agricultural production. However, siaenple results show that migration
during times of drought is not a common coping na@im among the inhabitants of
Cau Ngang: only 10 out of 239 household respondkats temporarily left their

houses because of droughts.



With respect to other methods that local peopletaseope with droughts, 61% of
them consider saving water for times of droughtttzes most frequently applied

mechanism. Other coping methods are presenteduie Ta

Table 7. Implementation of coping mechanisms
5

Adaptation measures are also implemented in bottmoames. Gordon et al. (2001)
state that household coping strategies address sdrar objective, while adaptive
livelihood strategies focus more on long-term ofiyes. The most common adaptive
resource among surveyed households is the construaftdeep wells as new sources
for groundwater extraction (82%). Also, construgtor buying water containers is a
common mechanism of adaptation among householdheofsample (41%). The
construction of concrete wells and the use of tapewwork, to a lesser extent, as
adaptive mechanisms to drought occurrence.

One of the limitations of the survey is that by iggy alternatives of coping and
adaptation measures for household respondents doseh they do not include
information with respect to coping strategies fongsumption smoothing such as asset
liquidation and consumption loans. Moreover, nooiinfation is available on the

change in patterns of food consumption, mortgadaraf and permanent migrations.

7.6 Local perceptions and expectations of droughtcourrence and water access

The survey included a section of questions reggrtiie perception of local people
towards the current state of drought with respeqtrevious years. Also, they asked
the interviewees about their expectations of drbugbcurrence in the future.
Groundwater availability and quality was also assdsaccording to the opinion of
respondents.

As for current state of droughts with respect tevpus years, 28% of the households
consider that droughts are now starting earlier lasting longer. Alternatively, 18%
of households consider that they are starting latebut indeed are lasting longer. In

%



total, almost half of the households consider thatight periods have extended with
respect to previous years. In relation with thaitufe expectations on drought
behavior, 44% of the respondents expect droughtstad earlier, and 43% expect
droughts to be longer.

Drought incidence has an impact in agriculture agdaculture activities performed
by local people. For both vulnerability groupserend vegetables were the two main
crops that interviewees considered the most affielbiedroughts. More than half of
the vulnerable households consider rice as the aféstted crop (53%). This could
be an indicator of the actual vulnerability levéltioe first group: their main on-farm
income source comes from rice crops, and the mamage from droughts is also
perceived in this activity by more than half of ti@useholds.

Lastly, when individuals were asked the kind opsse they would have if droughts
get more serious in the future; the options thatireed the biggest support were that
they still would not consider migration (44%), ahat they would switch to different
crops (31%).

7.6.1 Groundwater characteristics

With respect to groundwater in the two communesskbold members were asked to
respond some questions related to access to graewchanges in quality and
guantity perceived over the past years, and theicgption of the future of
groundwater use in the province.

Figure 13 illustrates the perception of inhabitasfttong Son and My Long Bac with
respect to groundwater availability now and 5 yeag®. In total, 42% of the
households consider that there has been a dearégseundwater in the past years.
Interestingly enough, the same share of househwss not perceived any kind of
change in groundwater quantity. Only 7% of the rwiavees consider that
groundwater has suffered from a very serious (0no0sg) decrease.

The fact that almost two fifths of the sample dows perceive any change in
groundwater supply gives space for different ideaarise. First, if households do not
perceive a decrease in groundwater levels —evtert is one— it is more difficult
to raise awareness on the importance of limitirgy éktraction of groundwater. By
using groundwater as a non-depletable resourcecidly for irrigation purposes, the
rate of depletion will increase and the inhabitaft€au Ngang district might have to

face a very serious problem of water scarcity.



Figure 13. Perception of current groundwater
availability with respect to year 2004
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Second, according to the available information mugdwater in Tra Vinh, there are
no precise studies on the actual levels of groutelwsurces that are still available in
the province. Up to this moment there is no proottactually depletion of
groundwater is occurring at a higher rate thanahe of the resource renewability.
Therefore, not perceiving a change could suggexdt dgroundwater depletion might
not be a serious concern in the province at leasthie near future. To address this
concern, further studies on groundwater levelf©i@égrovince should be developed to
have accurate information of the actual supply @ftew underground. Still, the
argument of groundwater depletion as a concerhamtedium run is challenged by
the idea that there is still a 42% of the househaltht do perceive a decrease in
groundwater supply nowadays.

With respect to water quality, 75% of the populati@as not perceived any change in
groundwater quality against a 17% that consideeg the resource quality has
worsened. Regardless of the current perceptionsenwhsked about future
expectations of groundwater supply, 49% of non etdble households consider that
it is going to decrease at a rapid pace, in linthwil% of vulnerable households
expecting the same result (Figure 14). A total eiémh of groundwater is the
perception of 10% of vulnerable households, and evkigher part of non vulnerable

ones share this expectation (15%).



Figure 14. Perception of expected changes on
groundwater quantity in the future
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If groundwater would reach a point where it seripukecreases, 48% of households
would then dig even more deep wells to fulfill theiater supply needs, 32% would
use stored rainwater for various purposes, and @64d probably appeal to public
water suppliers.

As for the behavior of water quality in the futui®% of the households think that
there will not be a significant change, 17% thihkttquality levels of groundwater
will be lower than now and 5% actually considerttiater quality will improve. If
there comes a point when water quality seriouslyeteses, 31% of the households
state that they would use rain water as an altem&@3% would decrease the use of it,
and 18% would totally stop using it.

By the end of the survey, individuals were askedchoose and state what they
considered the main activities for protection & groundwater resource. In Figure 15
the different suggested mechanisms are organizemfding to the ranking order by
amount of households that selected them.

The activity that ranked as the first is the apglmn of water saving measures.
Secondly, local people suggested the increase ageu®f other water sources
(probably rain water and tap water). Finally, thoggions had the support of 21% of
the households, these being: increasing water adbesugh groundwater suppliers,
limiting the construction of deep wells, and filyalhifting to crops that have low

water requirements for their development.
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Figure 15. Mechanisms to protect the groundwater reource
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From these results it can be derived that housshinlthe samples do not consider as
a priority alternative to decrease the constructibdeep wells. Therefore, the results
suggest that the current trend of building deepswial a disproportionate way as a
main source for groundwater access will continuédppen unless the government

reinforces groundwater regulation.
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This section will present the outcome of the redeaanalysis that was developed
based on the methodology explained in Section és&Mmesults, along with Sections 7
and 9 try to answer the research question and sabtiqQns that were defined in the
beginning of the research.

8.1 Asset pentagons of the SLA

In total, the five categories of assets (humaniagophysical, financial and natural)
enclose 13 variables. The full description of th&gories and variables is organized
in a matrix presented in Table 8.

Table 8. SLA matrix: variables included in the assepentagon analysis
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The “control group” is defined as the group thas parfect access to all assets: this
means that it represents a household that achedl/dte maximum possible values of
each variable. Under the SLA, it is represented byequal-sided pentagon. The sides
of the pentagon are defined according to eacheot/#itues of the 13 variables at stake
as well as the weight that is given to every ontheim.

For the purpose of this analysis, each of the ahp#tegories (i.e. physical, human)
was assigned a maximum of 10 units of value. Theegfthe group with perfect
access to all assets has a perimeter of 50 unlitsserl units are merely used for
comparative purposes and have no economic or mgnathue. Figure 16 shows the

image of the pentagon for the control group:

Figure 16. Asset pentagon for the Control
Group under the SLA
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Within each category of assets, all the variabtesgaven the same weight, except for
the case of physical capital. For this one, actesdrought and relief information
were given the same weight (1.18); house locatiaier related assets and transport,
energy and information assets were given a weiglit % (50% more than the first
ones) and finally the number of deep wells for giwater use was given the highest
weight: 2.35 (doubling the importance of the infatran variables). These weights
were subjectively chosen under the basis that Tind 6 a groundwater-dependent
province. Specifically, in Long Son and My Long Bagcoundwater is the main water
source for agricultural production and domestic (&&nh 2010). Consequently, one

might suggest that the more deep wells per houdehe! better their possibility of

$



achieving a more sustainable livelihood by direettgessing water; despite the fact
of being more distant to a road or commune centatespite not having access to
drought information. Ultimately, using the pentagapproach in this way is
necessarily representative, as the DFID sugge889j1There is no real suggestion of
a way to quantify assets or to develop a commorenay to directly compare all the
variables, especially because of the uniquenesadi of them. Nonetheless, in this
study access to water, for instance, is set aboeesa to relief information in the
sense that, under sufficient water supply, relddrimation would not be necessarily
needed.

As mentioned before, the control group represehitsnaximum possible that the

variables can have. The description of the growgefsied as follows in Table 9:

Table 9. Description of variables for the Control Goup
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8.2 Comparative analysis between groups

The control group was used as a base to develoastet pentagons. However, given
that the value of its perimeter is significantlygar than the results from the selected
groups, it was removed from their graphs to faad#itthe visualization of them.
Ultimately, the comparison is domethin groups of analysis, and since all of them are
based on the control group, it is implicitly presehherefore, the perimeter of the
pentagons to be presented is not the one of thérotogroup, but a smaller

proportionate version of it.

8.2.1 Kinh vs. Khmer ethnicity

A priori there is not information that might suggadifference between the results of
the two major ethnic groups of Tra Vinh. Howeverjsi known that the Kinh are
usually farmers that live along the main canalsiwers of the commune, while the
Khmer tend to occupy the sandy banks and isolated areas (Sanh 2010).

The results show that the pentagon of the Khmeumis inside the one of the Kinh,
indicating that in all aspects the group conforrbgdouseholds of Kinh ethnicity are
relatively better off than the Khmer. Only the valfor natural capital is equal for
both groups, as observed in Figure 17. The mosictidile difference is the one in
human capital, with the Kinh ethnic group beingaity better ranked than the Khmer.

Figure 17. Asset pentagon for groups

defined according to ethnicity
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Furthermore, the Khmer ethnic group ranks lowethi@ physical capital category.

This result goes in line with the notion that Khnpaople tend to live in remote,

isolated areas (the variable of house locationniduded in the physical capital

category). Besides, also access to roads and titercef the commune might be

difficult. Therefore, infrastructure to facilitatine access from rural areas to main
roads might increase not only their physical capbat also the social capital by

being better connected to the community, and tireancial one by accessing a new
market for their agricultural production, in cakey have any.

8.2.2 Male household head vs. female household head

Figure 18 depicts the obtained pentagons when ringpgof households with a male
family head is compared with the households thaetmwoman as a family head. In
general, women and children tend to be consideseth@e vulnerable beings than
men. Nevertheless, this statement is not backedyupe results obtained under the
SLA asset pentagon. The access of both groupsetdiih categories of assets is
similar, but in terms of financial assets, housdhokith a female head seem to be
better off.

Figure 18. Asset pentagon for groups defined

according to gender of household head
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Also, once again like in the other groups that hlagen analyzed, a slightly bigger
difference is perceived in the human capital types probable that the difference is
explained by the fact that in general women tentidwee a lower average years of
study than men. As for the rest of the variables,differences are negligible or even
zero. It can be concluded that in terms of theysttite fact that a woman is the head
of the household does not reveal a noteworthy rdiffee in the access to assets, and

consequently in the possibility of achieving a msustainable livelihood.

8.2.3 Occupation of household head

The last groups that are assessed are classifteddaing to the occupation of the head
of the family. The idea of using this arrangementa determine if being a farmer
implies better results than the aggregate of thergbossible occupations (these being:
officer, retailer, worker, resource exploiter, amage labor). Retired people as well as
the category of other were not included.

The limitation of analyzing each of the occupati@ssa different group instead of
farmers vs. the rest of occupations relies in #u that proper weight is not given to
each of them. For instance, in the database ordyhmusehold head declared to be
retailer, and the same is the case for the resoexpéoiter. Therefore, Figure 19
compares farmers with the aggregate of the resh@foccupations for household
heads. The farmers group was chosen as an individigapation because it is the
most common one among household heads in the s(8%&%). As for the remaining
occupations, all of them are represented by a sifdess than 10%.

In Figure 19 the results show that the pentagoth@ffarmers group is surrounding
the pentagon of the other activities of the houkkhead in all assets. Although this
second pentagon does not indicate a precise odonpbtt more an aggregated
average of the measurements of all of them, itallthe reader to compare the main
occupation among household heads in the survensighie aggregate information of
the occupations of the other household heads.

$U



Figure 19. Asset pentagon for farmers and aggregate

value for other occupations of head of household

13 0#

=h=)=*=CCC / —=—$3C = 23003DCCC /

On average, the other occupations have a consigidaater value on social, human
and natural capital than the farmers by themséhae®. The higher natural capital is
easily explained by the fact that generally farntersd to have more land for their
agricultural purposes, which is reflected in higinetural assets. Wage laborers or
retailers for instance, could have only land fosidential purposes, giving them a
higher value in this category. As for physical dmncial capital, no exceptional

difference is observed.

8.3 Pitfalls of the analysis

One of the main constraints about the asset asalygler the SLA is that the survey
carried out by the staff of MDI does not have el data of health status of the
household members. This represents a limitatioausx none of the variables chosen
for the human capital category deal with healthidatbrs. Quality of health of an
individual has a direct impact on his/her laborigkjlls, capacity to learn and
leadership potential; hence, it is an aspect thanhet be left aside when studying
sustainable livelihoods and vulnerability levels.

Another restriction in the study is that it is difflt to determine the direction of the
impact of some variables that are part of the gzsetagon framework. For instance,
in the study it has been suggested that the mardeuof memberships a household

has, the closer it is to achieve a more sustaini@&hood. However, as stated in
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DFID (1999), groups with overlapping memberships ba particularly problematic
when one person with a particular social profileeicluded from another group.
Measuring social capital by counting the numbem@mberships is probably not
going to result in an accurate measure of socipltala Instead, further research
should be done in the group nature, quality an@ #&tilities. The same limitation
occurs with education indicators, among many otbees used in livelihood
assessments. It is easy to determine the amouimhefa person has spent in school,

but assessing the quality of those years requetsldd observation.



A regression analysis was implemented in ordern@yae some of the key factors
that might have an incidence on the damage costdaldroughts. Respondents from
the household survey were asked to state the agjgegamage costs of normal and
severe droughts of the last five years (period 220@9). However, some of them did
not report any damage. By estimating the coeffisi¢hrough the OLS method using
a non-random sample of population (in this casey ¢hé respondents to damage
costs), one might incur in sample selection bidseré&fore, the Heckman selection
model was implemented to test for evidence of samsplection and, if existent, to

correct it.

9.1 Sample selection test

When a sample is selected in a non-random waypaaticipants of the population are
not equally balanced or objectively representethestatistical analysis. As a result,
sample selection bias can emerge. The analysiarple selection bias allows in
some occasions to estimate the variables thatttetite specification error when they
are not taken into account in the regression amsalyi$ie estimated values of these
omitted variables can be used as regressors iaritp@al model in order to estimate
the functions of interest.

For the case study of Tra Vinh, out of 239 only 18®&rviewees reported damage
costs due to droughts. In view of the fact thatpbedhat did report damage might
represent a non-random selection from the totalptanestimating the determinants
of damage costs from this subpopulation could tesidelection bias.

The reason why some interviewees did not report @ayage is unknown. It is
hypothesized that people with less education leratgt have a more difficult time
in quantifying the perceived damage. At the sametithere are households that
carry out activities such as crop production anddiock breeding only as a way of
self-subsistence. As a result, they may ignorentib@etary value of the assets they

have lost simply because they do not use the maskattrading place for their goods.
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9.2 Model description

For the research the linear model to describe #mage costs due to droughts is

stated as follows:

i =xbte (1)

wherey denotes person i's aggregated damage costs direughts over the past 5
years (in USD)x denotes a vector of exogenous characteristicsepa@notes the

error term. The vectox; in equation(1) is composed of 18 explanatory variables

which are presented afterwards in Table 5.
To determine if there is sample bias, a modeltliergrobability of reporting a damage
cost should be formulated. It is stated that

yi=y,h=1if K20

y. not observedh = 0if h <0

wherey  denotes person i's damage costs which cannot senadd for people who
did not report it (hence the *, denotes person i's actual damage cost andhand
indicates the report{ = ;1or not (h = O, of damage costs of droughts. To describe
whether a person reported damage costs of drowghtet, the proposed model is a
probit regression of the binary choice type:

N=x0,+& (2)
The vectorx, is composed of the same explanatory variables oftémn (1), but

includes 2 more variables also mentioned in Table 5

9.2.1 Selection of variables for the model

The explanatory variables from equati(l) were selected by using the model of
drought vulnerability of Adepetu & Berthe (2007)aseference. Almost all variables
are either the same as the ones used in their nuwdebmparable but with some
variations (e.g. “ratio of farming land area/tokahd area per household” instead of
“size of house landholdings”).
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For instance, Adepetu & Berthe (2007) include ‘tdtausehold income” as one of
the explanatory variables to assess the effectot#ll income in the degree of
vulnerability to droughts. Yet, for the specificrdage costs reported in the this study
(mainly monetary costs perceived on agriculturad aguaculture activities), it was
more suitable to use the variable “ratio of incdnoen on farm activities with respect
to the total income from the household”. “Total kebold income” might not be the
most accurate explanatory variable of damage ocostsidering that the specific
damages being studied are related to farming &esviOne would expect that the
higher the dependence of the household income nwoirfig activities, the more
damage the household would perceive during timedradight. Therefore, the “ratio
of on income of on-farm activities with respectatal income” was preferred.

In addition to these set of variables, some otlagiables related to water sources and
availability were included in the model. Given thhae surveys developed by MDI
staff dealt with this information, it was consideéneseful to study the incidence of this
data in the explanation of damage costs of droughts

The two variables that were chosen for the seleatiguation arechoolresporand
agerespondsee Table 10 for description).They were selectedxplanatory ones for
the (lack of) response of aggregated damage coser the following criteria. First, it
is assumed that the more academic years the respioatithe survey has followed,
the easier it would be for the individual to quntand state the perceived damage
costs due to droughts. The second assumption tightbalder the respondent is, the
more experience he/she might have had with redpedtought occurrence and its
consequences. In this way, it would be simpler dar older person to recognize
damages from droughts as well as to quantify them.

Table 10 below shows the summary statistics fovdr@ables used in both equations

of the Heckman model.

Table 10. Summary statistic$"”
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As Table 10 illustrates, the average aggregatechdamost of the respondents was of
380 USD. Only two households reported that they hadlamage at all (min = 0)
whereas the maximum perceived damage cost was/8f 8SD.

The average size of the household is of 4.5 persaoms 80 % the households are
above the poverty linee€onomgy established by the Vietnamese government. Also,
more than three quarters of the interviewees reddtiat their house is located close
to a road or commune centéo(selocaimean= 0.76).

From the three available financial sources to acahsing droughts, households
report on average access to one of themarjsourcmean=1.10). Similar is the case
for reachable institutions in times of drought: @itseven accessible institutions,
households approach less than two of thantéssinstnean=1.92). As for drought
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and relief information, almost all households haeoeess to them (96% and 93%,
respectively).

The variableratiofarminc has a mean of 0.68. This implies that on aver#ge,
respondents obtain 68 percent of their total incdrom farming activities. At the
same time, the variablatiofarmlanindicates that on average, the respondents devote
around 86 percent of their lands to agriculture agaaculture.

With respect to the water-related variables, theraye number of deep wells per
household is of 1.4 out of a maximum of 5. Onlyeégent of the households have
access to tap water and 75 percent of householis &taleast one water storage
facility.

Finally, the two variables chosen for the selectioodel are described. With respect
to the age of the respondent of the survewhich in 94 percent of the cases is the
head of the household) the mean is around 50 years, with the minimumevalu27
years and a maximum of 92. In terms of years obslihg of the respondent, the
mean ranks lower than half of the maximum yearssdiooling which are 16
(schoolrespormean= 5.77). This value shows that the averageadicly corresponds

to a primary school level.

9.3 Implementation of the Heckman selection model

The method used to test for sample selection bias the Heckman test via full
information maximum likelihood. Unlike the two-stéfeckman selection model, this
method estimates both equatig¢hyand(2) at the same time.

To start, when equatior{4) and(2) are considered, the conditional expected damage

cost given that the interviewee reported a damsige |

E(y|h =1) = x, b, + E{g;|h =1}

and assuming that the error terms are jointly ngrtha result is

: f(xy b,)
E(y|h =) =x,6,+5,,—2-2- (3
(y|| i ) i M1 lZF(XZibz) ( )
where /, =M is the inverse Mill's ratio. This ratio is also dwn as
F (X 0,)

Heckman’s lambda or hazard rate in reliability ttyed’he termg and represent

the density and the distribution for a standardwadrvariable, respectively. As for
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S.,, It represents the covariance of the unobserverteg; and e, of equationg1)
and(2), respectively.
The new model is then described as

Yi :Xiib1+512/i +h; (4)

Although /, is not observed in equatig@), it can be estimated —as well &#s—
from the probit regression model stated above. &tbeg, in the regression of
equation(3) /, is replaced witifi and OLS can be applied obtaining consistent
estimators off, ands,,. When this is done by STATA using the Heckman test
maximum likelihood estimator, both equations ar@rested at once. In case there is
selection bias, the inclusion of the inverse Mitkdio /, as an additional explanatory

variable would correct for it.

From the 239 observations of the model, STATA ombed 230 for the Heckman

model with sample selection because some valugiseovariablegatiofarmlan and

schoolresponvere missing. The results of the model are shawrable 11 below:

Table 11. Heckman selection model with sample setem
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To start, the p-value for the LR test of the madeProb>chi2 = 1.000. It cannot be
shown that the model as a whole is statisticaliypificant —one cannot state that at
least one of the regression coefficients is notaédqa zero at a 95% level of
confidence.

In spite of the result of the overall model, fodrtloe 20 variables from the selection
equation (probit model) showed to be statisticalbynificant at least at a 10% level.
The constant from this equation also showed toifpaifeant at a 5% level with a
negative sign.

The number of groups to which at least one of teenfvers of the household belongs
(membershipwas found to be significant at a 10% level andifpeely related to the
report of damage costs. This implies that the ngooeips a household is member of,
the higher the probability of the household of mpg damage costs due to drought.
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There is no well-known reason to explain this bébravHowever, it is a fact that
members of these groups (farmer associations, weno@ions, veteran associations,
among others) tend to discuss community issues eaedyday activities such as
drought occurrence during their reunions. It isgiae that they might even comment
about perceived damages, and if such was the tadepractice would facilitate the
report of this kind of information when requested.

The coefficient of the variabldroughtinforesulted positive and significant at a 5%
level. This demonstrates that access to drouglgcé&st information has a positive
incidence in the report of damage costs by interees. The information regarding
drought forecasts might facilitate the processagbanting and stating losses because
individuals have more knowledge about the occueaidhe phenomenon. Similarly,
the variablereliefinfo has a positive coefficient, also significant a5% level. The
access to relief information during and after diusgalso seems to be a determinant
among interviewees in the decision of reporting dges caused by droughts.

Finally, the ratio of land for farming with respetd the total land area of the
household ratiofarmlan) was positively related to the report of damagstzat a
significance level of 10%. This result suggests Hmuseholds with a high percentage
of land for farming activities might be more usedronitor the damage they perceive
from droughts than households with a small shadaral devoted to farming or with
those that not carry any farming activity at alhi§idea is reasonable considering that
farming is an economic activity and households rkesp accounting records of their
production, whereas it is for personal consumptotior market trade. Therefore, it
might be easier for them to report damage costspaoed to households with a
smaller share of land devoted to this activity.

In addition to this, the results of the Heckman elad Table 11 show that there is
only one statistically significant variable thatpéains damage costs due to droughts:
the amount of financial sources available for asee<ase of droughfifansourg. It
was found to be positively related to damage castssignificant at a 10% level. The
result is different than the expected: the initigpothesis is that the more access to
financial institutions, the less damage costs &bakls will perceive as a result of
droughts. However, results show that the more Girmdnsources households can
access, the higher is the damage cost that thegiger

The variablerho of the output indicates the correlation coeffitibetween the two

error terms. Results show that these errors arativety related (rho=-0.0715).
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However, according to the results of the likelihgatio test it cannot be stated that
the correlation coefficient is significant. Givamat the p-value of the LR test is Prob
> chi2 = 0.8576, the null hypothesis of rho=0 canpe rejected at a 95% level of
confidence.

Sample selection bias arises onlysif, = r,, * 0.Since this is not the case for the
model results, there is no evidence of sample gsefebias and the use of a probit
model is not necessary to obtain the results flogrekisting sample. The damage cost
equation can be estimated consistently by OLS withacluding the inverse Mill's
ratio as an explanatory variable because it is sighificant. The results of this

regression are shown in Table 12.

Table 12. OLS regression
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9.3.1 Regression results

The output of the OLS regression shows that theffthe model is very low (R6.4),
which means that the model only explains a 6% efhriations in damage costs.
Consequently, more than 90% of the variation in agencosts must be explained by
other variables not included in the regression.sTdutcome goes in line with the
resulting statistical significance of the explamgteariables of the model. Out of the
18 explanatory variables that were included in final regression, none of them
turned out to be statistically significant at a dewf 5%. The only significant
coefficient at p<0.10 was the one of the variabf@nsour¢ or the number of
accessible financial sources during droughts (8@ sten in Table 11). Furthermore,
the positive sign of the coefficient is contrartihe expected results.

In general, the overall results from the model &gy different from the ones that
were initially expected: the share of the variantelamage costs explained by the
variables is very low, and only one variable isnffigant and acts in the opposite
direction that it was forecasted.

One possible reason that might explain the unerpeesults could be that household
respondents were not informed in detailed of thecerefinition of damage costs that
they were being asked to report. In spite of b&rpglained the kinds of damage that
interviewers wanted to have access to (crop damlagsstock casualties, loss in
aquaculture activities, costs in human health)hdamsehold respondent might have
his own personal notion of what qualifies in edod lamage concepts. Therefore, the
overall results would reflect incomparable and wmewata between households
because of the diverse perceptions of damage costs.

In relation to the other variables, a causalitybbeon might be the reason why some
of the explanatory variables might not present eateuresults in a regression model.
If one considers that the aggregated damage ceasts variable that contains
information over the past five years, and thatekplanatory variables are reported as
the actual values in 2009, one might not be surthefrelation of causality of such
variables towards the damage costs. For exampls, bt possible to tell if, as a
consequence of droughts in year 2004, the houseleuided to purchase more water
storage facilities as a coping mechanism for dro(igipresented as the water storage
reported in 2009). On the contrary, it could alsppen that water storage facilities
owned in 2004 might have prevented households fpemteiving higher damage

costs due to droughts in former years. The unkndingction of causality could be a
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problem for the explanatory variables; mainly ftie tsocial, physical and water-
related ones.

Finally, the variables used in the model of Adep&tBerthe (2007) explain drought

vulnerability and not precisely damage costs. Tioeeg it is also possible that the use
of the same variables as this model might have basleading in the attainment of

significant explanatory variables to explain thendge caused by droughts.

9.4 Limitations of sample selection test

Despite the fact that there was no need in corrgdtie model considering the results
of the Heckman test, it is important to mentionttttee Heckman correction for
sample selection bias can present some limitatidmen used. First, the explanatory
variables for the two equations of the test (iguations(l) and (2)) should not be

identical. If they were, the model would only bemtified through the fact that; is

a non-linear function. The two-step approach wawdtibe very useful if there is little

variation in/, and/, is close to being linear t®, . The inclusion of variables i,

besides the one that are presented,ins important for identification in the second

step, although selection of these variables is conynsubjective and easily critized
(Verbeek 2008).

Besides, the inclusion of as a correction term that eliminates all probleons
selection bias is not generally true. The presearigeon-random selection implies an
identification problem, and consequently the va#§idif any obtained solution depends
on the validity of the assumptions that are presipmade.

In addition to this, even when is possible to Mglitest the null hypothesis of no
sample selection bias, standard errors from condp@éS have to be adjusted
because the error termfi(in equation(3) ) is heteroskedastic and becauseis
estimated.

Finally, if the assumption of jointly normal errofails in the conditional expected
damage cost, the estimator is generally incongisted could provide misleading

inference in small samples.
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10.1 Conclusions and results

Groundwater is a very valuable resource in Vietrgiaen its higher resilience to
droughts than surface water, among its many otaeoréble characteristics. It is
necessary for domestic consumption and mainlyn @isis case study, for agricultural
irrigation due to its high economic productivity.

However, in some areas of Vietnam, such as in Tiné,\the overuse of the resource
has caused damages to the inhabitants reflectedater scarcity, crop damage,
pollution of the resource and economic instabilithe Vietnamese regulation on
water resources states that households that egtraehdwater at small scales do not
have to apply for a permit for exploitation, extran, and use. Still, they should
register in the People’s Committee as groundwasersuwhen they use the resource
in areas when the total water extraction volumesdoet exceed the assessed dry
season average groundwater. Yet, in reality theptiamce with this mandate is not
easily achieved. In addition to the deficiency obger knowledge on groundwater
management use and protection, the low credibditythe government sanctions
towards water use have led to a “colossal anarq®yiah 2005), a well-known
concept in groundwater literature that describesaverexploitation and depletion of
the groundwater resource. Together with complicaictees at a central level, these
factors result in poor management of groundwaténeatocal level.

Throughout the literature revision of water managetmand use in Vietnam, it has
been noticed that different strategies, laws amdads highlight the weak condition of
information regarding water sources availabilitydacharacteristics. The National
Water Resources Strategy towards the year 202thasi$s that only 15% of the
country’s area has been studied for the surveymd) exploration of underground
aquifers. It is predicted that around the MekongltdeRiver there are large
groundwater reserves, but the lack of monitoringenes the strict accuracy of such
projections. Also, for the particular case of Tranh/ it was discovered that
groundwater information from the Division of Watesources Planning in Southern
Vietnam (DWRPIS) was first, inconsistent with theeoused by the DONRE in Tra
Vinh and second, insufficient for extended assessroéthe state of the resource.



This leads to the miscoordination and overlap ijecves of water projects in the
province and throughout the whole country.

It is important to highlight that, although agrituke is the main economic activity of
the province and groundwater is the main sourcesrfop irrigation, the low average
of rainy days per year and also salinity intrusamt as constraints for agricultural
production. Because of this, aquaculture activitiage been empowered over the past
years as an alternative and profitable activityp@-oriented output such as shrimp
and crabs have increased given the availabilityratkish water in the province.

After studying the results of the household survegsducted in Tra Vinh, several
interesting facts arise. For instance, 96% of #spondents have access to drought
forecast information, with the television being tfavorite choice and information
obtained through neighbors being the second one [&tter one reflects the
importance of social capital by means of networlangpng households in the district.
With respect to the access to financial sources@ping mechanism during droughts,
also 96% of the respondents answered that theynt@ess to at least one source.
Since groundwater becomes very scarce during thieselason, inhabitants of the
district have to face several problems. The negatiwact of drought on rice yields
and production is a major concern, followed by tlzenage of other crops and the
decrease in their productivity. On average, theatgercosts of droughts are relatively
higher for vulnerable households —when comparet wan vulnerable ones— and
represent a considerable share of their yearlynaco

When asked about their perception of the state rourgdwater, 40% of the
respondents stated that they had not observed lzanyge in groundwater quantity
over the past 5 years. This could mean that, ifethectually is a decrease in
groundwater levels, it is more difficult to raisevareness on water rationing in a
population that does not perceive overexploitabbthe resource as a main concern.
Even less of a concern is groundwater quality: @%he sample responded that there
has not been any change in the resource qualitytbeepast 5 years. Both outcomes
are indirectly reflected in the fact that when aklabout a possible increase in
groundwater depletion, respondents state that thain coping mechanism consists
of digging more deep wells to fulfill their wateupply (85% of the households in the
sample own at least one).

The comparative analysis of asset pentagons catstrwnder the framework of the

Sustainable Livelihoods Approach (SLA) was donehwilte purpose to depict the
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access to different kind of assets according tecsetl categories of groups. For
instance, when comparing ethnic groups in Cau Ng#mg asset pentagon results
demonstrated that the group conformed by houselafl#snh ethnicity is relatively
better off than the Khmer in terms of accessingkadtl of assets. It is only for the
natural assets when both ethnic groups presentqaal e/alue. The fact that the
Khmer group ranks lower in the physical asset acategight be explained by the
trend of Khmer people deciding to live in isolate@as to develop their activities.

An interesting fact is that, for the comparisoraotess to assets between households
with male and female family heads, the group witmale household head ranked
better in all kind of assets except one: the fir@none. Besides, the group with a
woman as household head obtained a lower valueadasa to human assets. This
latter result might be explained by the fact thatven tend to have lower average of
years of schooling than men.

For the regression analysis of damage costs ofgtiteuthe Heckman model showed
that there was no evidence for selection biasensdmple and that the inverse Mill’'s
ratio was not significant. Therefore, OLS were uge@stimate the coefficients. The
overall results from this regression turned oub¢overy different from the ones that
were initially expected: first, the share of theiaace of damage costs explained by
the variables was very low {R=6.4) suggesting that the model cannot explain the
variations of damage costs. Also, only one of tBevariables included in the model
turned out to be significanffinansourc) but ended up behaving in the opposite
direction that it was forecasted.

There are three main reasons that could explaintivayesults of the model were not
significant. One is the uncertainty in the caugaiations between the dependent and
explanatory variables considering that they enctberent time periods (the former
is an aggregated of 5 years whereas the latteegmonds to year 2009). Secondly,
the lack of a common definition of damage costs ragnihe household respondents
could make data more uneven and difficult to cormp&inally, there is always the
possibility that the explanatory variables includéd the model were not
representative of possible causes of damage dbstsuld be that these variables are
useful to analyze drought vulnerability, as in Adepand Berthe (2007) but they
might not succeed at explaining the damage cosisoofghts.



10.2 Discussion and recommendations

Llamas and Martinez-Santos state that eradicatfopowerty is a key factor for
sustainable groundwater development. As long asbitdnts of the Tra Vinh
continue to have agriculture as their main soufdaamme and they perceive no strict
regulation on the use of groundwater for irrigatfmurposes, the overexploitation of
the resource will continue to happen. Furthermdréhey have no knowledge on
efficient mechanisms for water use and crop devetoq, the inefficiency in its use
will prevail.

For starters, each provincial committee should gawoize the objectives and
implementation methods for groundwater control andnitoring. The provincial
People’s Committee is the responsible sub entityhfusehold extraction quantities
and they must ensure that households report akarmation about water status in
terms of exploration, extraction, exploitation anse. As long as there is no real
sanction for not reporting complete informationamting water use, users will have
no incentive to reduce the water extraction. Alsother collaboration should be
enforced between specialists of the DONRE and otiséitutions such as DWRPIS in
a way that extended studies on groundwater carabyeed out. Therefore, adequate
policies and appropriate measures can be taken waipect to groundwater
management in the province.

In addition to this, the People’s Committee mushfogce and monitor the proper
closure or reparation of all poor quality drilledeNg to avoid pollution of the
groundwater resource. Evidence suggests that desitquality problems of wells in
terms of iron content, salinity and bad odor, fatpfans from people in the province
still rely on the increase of groundwater extractiSBuch being the case, a sanction or
monetary punishment should be stated for each drwater user that does not
complies with the established regulation. For theect treatment of the water source
as well as for the implementation of proper inities to protect and maximize its use,
further effort and resources should used for tesearch of the current state of water
in the country.

In communications with experts in the area of gowater in Vietham during the
development of the study, it has been mentioned otlaer provinces from the
Mekong Delta are more vulnerable to droughts amdigwater depletion than Tra

Vinh. In fact, the present research was based®mtbrmation of this province given



that it was the selected one for the study of UNMBHInder the criteria that the site
has vast experience with droughts and intensive afsgroundwater resources.
However, evidence shows that aquaculture activitaasied out in the province rely
on brackish water instead of groundwater, and tregsethe ones currently being
empowered. Other areas of the delta could be ev®e mteresting to study because
of their higher dependence of groundwater. Theegf@n alternative for further
studies of groundwater in Vietnam could be an esitan or replication of this
research in an area that has a higher dependenagrooimdwater for everyday
activities and economic development.

With respect to the results from the asset penwgmaer the SLA framework, the
government could invest in infrastructure to fdatle the access of Khmer people to
the commune center and roads. In this way, thisi@tminority could also benefit
from the creation of social networks and marketaspmities, enhancing other types
of assets and not only the physical ones.

Furthermore, for future SLA analysis, informatioagarding health status of the
household members must be used when developindwuhean capital indicator.
Quality of health of an individual has a direct imap on his/her laboring skills,
capacity to learn and leadership potential; hericis, an aspect that cannot be left
aside when studying sustainable livelihoods. Addaily, the ambiguity created by
not knowing the direction of impact of some so@atl human variables —such as
education and memberships— could be targeted bhggymore detail to their nature,
benefits and quality.

Finally, when assessing the damage costs due t@kit® in households, researchers
should be sure that all participants of the suivaye a clear and identical concept of
the damages they are being asked for. This wowddrerthat the reported information
is consistent and comparable. At the same timeis irecommended that all
information from the survey should be represengativa common period of time. For
instance, all the information that is intended ® dnalyzed through comparisons
should belong either to a specific year or to agregate of years, but not to both.

This would facilitate the development of a moradepth analysis.
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Appendix |
Model of household vulnerability to drought appliedrural sahelian households

Adepetu and Berthe (2007) stated a model that dersivulnerability as a function of
household’s exposure to droughts and the livelisoedsets available to each
household, providing the capacity to cope withpxee from and adapt to drought and
its impacts. The selection of the assets as fadt@s influence vulnerability was
based on the sustainable livelihoods frameworkughothey focused only on four
classes of assets: natural, economic (financialjpan and social. The model they
used was an ordinal logistic regression modes firoposed as follows:

y= Z+
where y* is the given state of vulnerability, Ztie set of explanatory variables,is
the vector of coefficients to be determined ansla random error with zero mean and

unit variance. Considering that y* is unobservetatcan actually be observed is:

y=1,ify* 2
y=2,if 2<y* 3
y=3,if 3 y*

The explanatory variables are grouped as exposateyal assets, economic assets
(financial and non financial), human assets andabassets. The variables that were
grouped among these categories are the followieg:on
Exposure

- Number of drought episodes previously experiengethé household

- Receipt of drought information

- Use of drought resistant practices

- Existence of a household drought contingency plan

Natural assets
- Self assessed fertility of the soil
- Size of the house landholdings
- Proportion of household landholdings under irrigati

Economic assets

- Main occupation of household

&$



Number of income sources

Level of cash income per capita

Access to credit

Existence of a saving account

Percentage of income spent on household upkeep

Per capital livestock ownership

Per capital cereal harvest

Number of years in last 10 years that the housesetsufficient in food
Use of modern farm equipment

Distance of the household to the nearest motoralle

Distance of the village to the nearest market

Human assets

Age of household head

Gender of household head

Highest level of education attained by any memib¢he household
Ratio of household labor units to consumer units

Household size

Social assets

Membership in community organizations
Assistance received from community organizations

Assistance received by family members

&Y



Appendix Il

UN-EHS questionnaire on groundwater management

HOUSEHOLD SURVEY QUESTIONNAIRE
VULNERABILITY TO GROUNDWATER USE AND MANAGEMENT
IN THE MEKONG DELTA, VIETNAM
Date of investigation:
Name of interviewer:
Name of interviewee:

Ethnic group: Religion: Group: _
Commune name: Hamlet name:
Gender of family head: Male Female

FAMILY PROFILE
1. Family members

No Members’ Relationship Age Sex Education Level Memberships
names
1
2
3
4
5
6
7
8
Relationship: 1 = head, 2 = wife/husband, 3 = son, 4 = son-in-law,
5 = daughter, 6 = daughter-in-law 7 = father, 8 = mother,
9 = grandson, 10 = granddaughter, 11= others (specifically) ( )
Sex: 0 =malel = female
Membership: 1 = farmer association, 2 = womens union, 3 = youth union,
4 = veteran association, 5 = credit group, 6 = extension club
7 = hamlet/commune officers 8 = others (specifically) ( )

2.  Where is your house located?

STT Place for living
1 Close to a national road
2 Close to a provincial road
3 Close to local roads
4 Near the commune center
5 Far from the main roads ( m)
6 Other
3. How long have your family been settled in the commune? ( years)
4. From where did your family come? ( )
5. Household assets
Names of asset Year Type/ Main financial sources
Amount
House
Pig cage

Fuel machine

Electric pumps

Motor cycles

TV

Radio

Deep-well (Gieng khoan)

Concrete wells (Gieng Hoc)

Soil-well (Gieng Dat)

Tap-water

Big concrete water containers

&&



Small water containers

Others

Type of house: 1 = Permanent house

2 = Semi-permanent house

3 = Temporary house

Financial sources: 1 = savings, 2 = public loans, 3 = private loans,
4 = relatives 5 = Subsidy 6 = others
6. Land ownership
6.1 Land size
Kinds of land Bought (1), Area (m2) Year Reasons
inherited (2)
- Paddy
- Vegetables
- Homestead
- Others
6.2 Land sold and given to your relatives
Kinds of land Sold (1), Area (m2) Year Reasons
given (2)
- Paddy
- Vegetables
- Orchards
- Homestead
- Others
Reasons: 1 = sickness of family members, 2 =failure in agriculture (specifically)

3 =failure in trading or services,
5 = house building,
7 = high cost of private loans,

HOUSEHOLD INCOME

7. Income from on-farm activities

4 = |losses due to drought
6 = family ceremonies
8 = other

Activities Area or Times

heads

Income
(VND)

Price
(VND)

Production
(k9)

Estimated
cost
(VND)

(1) Crop cultivation

- WS paddy

- SA paddy

- AW paddy

- Vegetables

- Fruits

(2) Animal husbandry

- Cows

- Pigs

- Others

(3) Poultry

- Chicken

- Ducks

- Others

(3) Fishery

- Tiger shrimp

- Fish

- Natural fish

- Natural shrimp

8. Occupation of family members

No Members’ names Main occupation

Year Where?

1
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Occupation: (1) farmers, (2) wage labor  (3) workers (4) officers
(5) business/services (6) petty trading (7) resource exploitation
(8) pupil (9) young (10) old (11) others
Where: (1) home commune (2) home province (3) other provinces

9. Income from off-farm income activities

No Names of Kind of Place | Working time | Total income Total cost
members Activities (VND) (VND)
Places: (1) home commune (2) home province (3) other provinces
10. Income from non-farm income activities
No Names of Kind of Place Total income Total cost
members Activities (VND) (VND)
Places: (1) home commune (2) home province (3) other provinces
11. Other income sources
No Other income sources Total Reasons
1 Pension
2 Relief
3 Relatives
4
12. Structure of income sources
No Income sources Importance Importance Reasons
(10 years ago) (now)
1 On-farm income
2 Fishing
3 Off-farm activities
4 Non-farm at home
5 Non-farm far home
6 Others

CHANGES OF INCOME AND ADAPTATION TO DROUGHTS OR INTERVENTIONS

13. Main changes after natural hazard events

No Main hazard events Main impacts

Chan

ges of household

1 Drought ( )

2 Typhoon 5 (1997)

3 Other

14. Main changes after man-made hazard events including drought coping interventions

No Main hazard events Main impacts Changes of household
1 Dam construction

2 Canal construction

3 Over use of groundwater




4 Others

15. Changes in infrastructure

Main changes Year Reasons

Relocation

Built deep-well

Built concrete well

Built water containers
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Access to tap-water
introduced

6 Others

16. Changes of on-farm activities

Main changes Year Reasons

Traditional rice to high yielding rice,

Single rice to double rice,

Switch from rice to vegetables

Switch to rice-shrimp system

Switch to raising mono-shrimp

Switch to raising fish
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Others

Reasons:
(1) Canal system improvement,
(2) Dyke system building,
(3) Deep-well building,
(4) Access to new varieties
(5) Access to new techniques through TV, radio, extension, neighbors (select)

(6) Others
17. Changes in off-farm activities
No Main changes year Reasons
1 Seasonally migrate for off-farm
activities
2 Change to other activities at home
3
Reasons:
(1) Decrease of off-farm jobs,
(2) Decrease of natural resources
(3) Land affected by acidity
(4) Land affected by salinity
(5) Introduced to non-farm activities by friends or relatives
(6) Other
18. Changes in non-farm activities
No Main changes Year Reasons
1 Seasonally migrate for non-farm
activities
2 Change to other activities at home
3 Others
Reasons:

(1) Decrease of off-farm jobs,
(2) Decrease of natural resources
(3) Land affected by acidity
(4) Land affected by salinity
(5) Introduced to non-farm activities by friends or relatives
(6) Other
19. Why do you only work here?
(1) have young children;
(2) have old parents;
(3) find enough income here (off-farm);
(4) don't know jobs in other places;
(5) others
20. What are your plans about income earning activities in the future?
(1) Maintain the current situation
(2) Increase of on-farm activities ( )
(3) Increase of animal raising ( )




(4) Increase of aquaculture ( )
(5) Migrate for non-farm activity

(6) Migrate for off-farm activities

(7) Others

ACCESS ASSETS AND DROUGHT-RELATED INSTITUTIONS
21. How and which drought forecast information do you access?

No Information sources Frequency

Relevance

Television

Radio

Broadcast systems

Local cadres

Neighbors

Others

No information
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How do you decide after accessing the information?
(1) Adjust seasonal calendar
(2) Change kinds of crops or animals
(3) Prepare to migrate for income activities
(4) Prepare equip for water
(5) Others
23. How do you learn about drought-related experience?
(1) Informal stories in the hamlet
(2) Discussion in parties
(3) Learn from advance farmers
(4) Learn from family members
(5) Learn on radio
(6) Learnon TV
(7) Commune CFSC
(8) Others
24. Which financial sources do you access in the drought season?
(1) Relatives
(2) Neighbors
(3) Banks
(4) Moneylenders
(5) Local financial funds
(6) Others
25. How do you access relief information?
(1) Hamlet leaders
(2) Neighbors
(3) Local broadcasting
(4) Prepare house

26. Do you give financial support to relatives who are not living in your household?

No
Yes

Relation of
person

Place of living of person
(district, province)

Amount spent in
highest month

Amount spent per year
(average)

27. Do you receive financial support from relatives who are not living in your household?

No
Yes

Amount received in
highest month

Relation of
person

Place of living of person
(district, province)

Amount received per year
(average)




28. Did you ever ask for external support after a serious drought? (MG)
No => because this was never necessary
I would feel strange about this
Nobody would help me anyway

Yes
Type of Year Institution / people Support received | Amount/goods Had to pay
event asked for support (1-9) (yes/no) received back (yes,
no, share)
Institutions
1 =local PC 4 = Red Cross/Crescent 7 = relatives living in same place
2 =local VN Fatherland Front 5 = other aid institutions 8 = relatives living in other
place
3 = unions 6 = neighbours 9 = other (please type in)
Kinds of supports
1 = boat 4 =rice 7 = seed subsidy
2 = hooks and nets 5 = instant noodle
3 = filtered water container 6 = medicine
29. After the drought of or the Typhoon No.5 or any other natural hazard event,
did you have to give any financial support to any relatives living outside your household? (MG)
Event Year Location (district, province) | Type of Relatives | Amount/Type of Support
30. Which are main difficulties when you access information and institutions?
No Main difficulties Rank Notes
1 Livelihood disruption
2 Help problems on children, elderly
3 Crops damaged
4 Shrimp damaged
5 Others
31. Do you get information about groundwater quality?
COPING AND ADAPTATION
32. Did you ever have to leave your house during a drought? (MG)
No
Yes
Type of Year Duration you had to Where did you | Which institution, housing did you
event leave the home (days) | got to (location) live in (relatives, emergency

tents, pagoda etc.)

33. How do you cope with drought?

No Activities Rank Notes
1 Save water

2 Get water from neighbors’ wells

3 Change animals

4 Change crops

5 Others

34. How do you adapt to drought?

0 Activities Rank Notes

Buy/build water containers

Build concrete well (Gieng Hoc)

Build deep-well

Access to tab-water
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35. Which institutions do you access when your household is affected by drought?

No

Activities

Rank Notes

Neighbors

Hamlet leaders

Commune bodies

Relatives

Kind people in commune

Kind people far commune

N[OOI AW IN|F-

Others

36. Economic damages due to drought in the normal drought (within past 5 years)

No

Kinds of socio-economic damages

Cost Reasons

Animal damaged

Shrimp damaged

Crops damaged

Human health problems

QB WIN(F

Others

37. Economic damages due to droughts in the

severe drought (within past 5 years)

No Kinds socio-economic of damages Cost Reasons
1 Animal damaged
2 Shrimp damaged
3 Crops damaged
4 Human health problems
5 Others
LOCAL PEOPLE’'S PERCEPTIONS
38. So far how are droughts changing? Why?
No Main changes of droughts Reasons
1 Earlier
2 Later
3 Short duration
4 Long duration
5 Other
39. How are droughts changing in the future? Why?
No Main changes of droughts Reasons
1 Earlier
2 Later
3 Short duration
4 Long duration
5 Other
40. What are main impacts due to droughts?
No Main impacts due to droughts Reasons
1
2
3
4
41. Advantages of dyke system
No Advantages Reasons
1 Protect fresh water
2 Prevent saline water
3 Other
42. Disadvantages of dyke system
No Disadvantages Reasons
1 Keep acidity
2 Keep polluted water
3 Other
43. How are changes of groundwater quantity so far?

(1) Very serious decrease
(2) Serious decrease




44,

45.

46.
47.

48.

49.

50.

51.

(3) Decrease

(4) Same level

(5) 1don't know

Which do you think are the main reasons for changes of groundwater quantity?
(1) Natural process

(2) Over use for vegetables

(3) Use for rice production

(4) Use for shrimp production

(5) Household use

(6) Others

How do you think groundwater quantity will change in the future?
(1) Out of groundwater

(2) Quickly decrease

(3) Others

How are changes of groundwater quality so far?

Which do you think are the main reasons for changes in groundwater quality?
(1) Due to natural process

(2) Over use of agro-chemicals

(3) Over use for diverse purpose

(4) Uncorrected treatment of malfunction deep-wells

(5) Others

What would you do if a drought is more serious than the drought ?
(1) Stay at home

(2) Migrate to other provinces for off-farm activities;

(3) Migrate to cities for non-farm activities;

(4) Change kinds of crops;

(5) Change kinds of animals;

(6) Change household infrastructure

(7) 1don't know

What would you do if groundwater quantity seriously decreases?
(1) Drill deeper wells

(2) Access to public water suppliers

(3) Recover or build concrete wells

(4) Conserve rain water

(5) Use soil-well water

(6) Other, please specify

What would you do if groundwater quality serious decrease?

(1) Continue to use groundwater

(2) Decrease use of groundwater

(3) Stop using groundwater

(4) Use rain water

(5) Use concrete well water

(6) Use soil-well water

(7) Other, please specify

According to you, what can we do in order to protect or sustainably use groundwater?
(1) Increase use of other water sources (rain water, concrete well water, river water)
(2) Increase access to public groundwater suppliers

(3) Limitat deep-well building

(4) Application of groundwater use fee

(5) Changes to crops which need little water

(6) Application of water-saving measures

(7) Other, please specify

52. Which interventions to cope with droughts are appropriate?
No Appropriate interventions Reasons
1
2
3
4
53. Which interventions to cope with droughts are inappropriate?
No Inappropriate interventions Reasons
1
2
3
4

54. Other ideas
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