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The images from the cover show 1) workers planting maize seeds in farms irrigated by groundwater in 
Tra Vinh province and 2) a groundwater pump supplying water via pie to crop fields. These images 
were taken from Dun et al. 2010, “Groundwater and Human Security- Case studies: Report of the 4th 
Workshop”.   
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In Vietnam, water access and management represents a major challenge for the 

inhabitants of the country. Public water supply is not common for rural households, 

water sources are unevenly distributed and the quality of the resource is very variable. 

Consequently, the Ministry of Agriculture and Rural Development of Vietnam, along 

with the Ministry of Construction, set the “National Rural Clean Water Supply and 

Sanitation Strategy up to year 2020”. This plan intends to give priority to the urgent 

needs of domestic quality water and to protect the resource against exhaustion and 

pollution. The present study aims to describe the particular case of groundwater use in 

Tra Vinh Province as well as the vulnerability of its inhabitants toward droughts. By 

this means, the purpose is to determine the compliance of current groundwater 

measures and drought-coping mechanisms with the objectives of the Strategy. The 

study makes use of a database compiled by the Mekong Delta Development Research 

Institute (MDI) along with the UNU-EHS (Institute for Environment and Human 

Security, United Nations University). The sustainable livelihood framework (SLA) is 

implemented as a methodological approach, in addition to a regression analysis on the 

damage costs of droughts. 
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1.1 Background  

Vietnam is a country rich in water resources. Its three main sources for water use and 

consumption are rain water, surface water (rivers, streams, canals) and groundwater.  

However, water access and management represents a major challenge for the 

inhabitants of the country.  

First, public piped water supply is not common for rural households in Vietnam; 

usually they use individual water supplies such as dug wells, rain water jars or rain 

water tanks. As a result, only around 30% of the households have water supply 

systems that meet their basic domestic quality requirements, and among them only 

10% are considered to meet the national standards of clean water (MARD & MoC, 

2000).  

Also, water sources are unevenly distributed across the country. Hence, whether some 

areas have access to water throughout the whole year, some others face water scarcity, 

especially during the dry season. Furthermore, the quality of water in Vietnam can be 

very variable. Water pollution from salinity intrusion, livestock waste, trade village 

waste, and chemicals used in agriculture is worsening in many places causing risks to 

people’s livelihoods. High levels of arsenic, manganese, iron and nitrates have been 

found in samples taken from rivers in Vietnam, in particular in the Mekong Delta. 

Therefore, significant amounts of such chemicals are the cause of severe diseases in 

the users of polluted water.  

Consequently, the Ministry of Agriculture and Rural Development (MARD), along 

with the Ministry of Construction (MoC) of Vietnam, have set the “National Rural 

Clean Water Supply and Sanitation Strategy up to year 2020”. One of the main 

objectives of the Strategy to be achieve by 2020 is that 

 

“(…)all rural people will use clean water of national quality standards with at least 

60 liters/capita/day” (MARD & MoC, 2000, p.11).  

 

Furthermore, there are two of the main strategies from the initiative that should be 

emphasized, especially since they intended to target the immediate years following 

the approval of the strategy back in 2000. These are:  
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“Giving priority to the urgent needs of domestic quality water for those areas 

lacking of water, such as drought-stricken areas, border areas, islands, high 

mountainous areas, remote areas, saline areas and those areas suffering from 

polluted water resources such as flooding areas and areas affected by industrial 

waste water discharge” 

 

and also the  

 

“(…)protection against water resource exhaustion and pollution, protection of 

quality of groundwater and surface water in lakes, ponds, springs, streams and 

rivers.” (MARD & MoC, 2000, p.12) 

 

In line with this strategy, this research aims to study the case of groundwater 

management in Tra Vinh Province, Vietnam. Tra Vinh is located in the central east of 

the Mekong Delta, in the South of Vietnam. Because of its geographic position, this 

province —as the rest of the delta— only experiences two seasons per year: the rainy 

and the dry season. Besides, Tra Vinh is located in the coastal area and therefore 

suffers from salinity intrusion during the dry season.   

There are several reasons why Tra Vinh is an interesting place to study in Vietnam in 

terms of water shortage issues and groundwater measures. First, this province has a 

high level of dependence on groundwater resources for both domestic and agricultural 

purposes. There is a high competition between water users, with 80% of its population 

relying on groundwater for their daily activities like irrigation of crops, shrimp 

farming and processing, livestock production and industrial development (Dun et al. 

2010, p.6).  

In addition to this, the physical resource is less rechargeable in the dry season, and 

because of common droughts during this season, groundwater is vulnerable to salinity 

intrusion. Also, there is a concern in the way on how farmers are using pumped 

groundwater. The construction of individual wells is very common since a permit is 

not required to extract groundwater at the household level. Therefore, there is an 

overuse of the resource that might endanger in the future the livelihoods of the 

inhabitants of the province.  
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1.2 Problem definition 

People from Tra Vinh province mainly focus on agricultural activities as their income 

source. Groundwater is their main resource both for domestic consumption as for crop 

irrigation. However, its overuse and lack of control from authorities is threatening the 

livelihoods of the inhabitants, especially during the dry season when water shortage in 

the province is evident. Therefore, the underlying hypothesis considered for this study 

is that the objectives proposed by the strategy developed by the MARD and MoC in 

terms of water access and safety are not being fulfilled for the case of Tra Vinh.  

1.3 Research objective   

According to the problem definition and the context’s description, the main objective 

of the research is “to describe and analyze the current state of groundwater use and 

management in Tra Vinh province and the vulnerability of its inhabitants towards 

droughts”.  

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

have to be answered. The proposed research question is:   

 

“Are the current groundwater measures and drought-coping mechanisms 

used in Tra Vinh aligned with the objectives from the Vietnamese’s Clean 

Water Supply and Sanitation Strategy”? 

 

In order to give a structured answer to the main research question, the following 

research sub-questions were formulated:  

 

1) What is the current Vietnamese legislation regarding groundwater 

management and extraction?  

2) In times of drought, what are the main sources of forecast information, relief 

and aid in Tra Vinh? 

3) What are the main problems that households experience when accessing/using 

groundwater in Tra Vinh? 

4) Which is the perception on groundwater variation (quantity and quality) over  

the years in Tra Vinh?  
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5) What is the role of asset ownership in the impact of droughts on the 

livelihoods of local people in Tra Vinh?  

6) Which factors have an incidence on the aggregated damage costs of droughts 

perceived by household members in Tra Vinh?   

 

The study consists of ten sections including this introduction. Section 2 presents basic 

concepts and theories regarding groundwater management. Section 3 describes the 

study site of the research and Section 4 specifies the use and management of 

groundwater in Tra Vinh province. Then, Section 5 compresses the theoretical 

framework that acts as the structure of the whole study and Section 6 describes the 

methodology that is implemented in the research. The results are presented from 

Section 7 through 9: first, descriptive results of the household survey, consequently 

the analysis of the asset pentagons under the SLA; and thirdly, a regression analysis 

on the determinants of damage costs due to droughts. To finalize, Section 10 presents 

the more relevant conclusions and recommendations of the study.  
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This section will address some of the main notions of groundwater management, 

governance, and law. Subsequently, a brief description of the Vietnamese regulations 

and strategies related to water management and in particular to groundwater will also 

be presented. The purpose of this is to review some basic concepts of groundwater in 

order to introduce and contextualize the case study of individual 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 the development of societies around the 

world. It is estimated that groundwater provides about 50% of the world’s drinking 

water supplies (United Nations 2003 as cited in Llamas & Martínez-Santos 2005), and 

it has also contributed significantly to increase food security and eradicate poverty 

through irrigation (Fornés et al.  2005). In fact, estimations show that groundwater for 

irrigation accounts for 40 to 90% of total groundwater use (Mukherji & Shah 2005).  

Groundwater use at a large scale has been responsible for the growth in global 

irrigated areas for almost four decades. Shah distinguishes three “waves of growth” in 

groundwater use: the first one concerns the 1970s when South Asia and North China 

started to use groundwater at an exponential rate; the second one deals with countries 

like the United States, Spain, Mexico and Morocco that developed their groundwater 

extraction technologies in the 1980s; and the last wave is the one currently taking 

place, where Vietnam and other south-east Asian countries participate (Shah 2005).  

Furthermore, Shah et al. (2007) recognize four main types of global groundwater-in-

agriculture systems according to some factors as demographic conditions, land-use 

patterns, agricultural activity and relevance of irrigated farming. The four systems are: 

1) arid agricultural, 2) industrial agricultural, 3) smallholder farming and 4) 

groundwater-supportive extensive pastoralism. Using this classification system for the 

case study, Tra Vinh province would classify in the category of smallholder farming 

groundwater system. Shah describes this latter structure as populations that cultivate 

large proportions of their geographic area, irrigate more of their cultivated area, and 

use groundwater in more areas for intensive agriculture than they do in arid and 

industrial agricultural systems.  
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2.1.1 Favorable characteristics of groundwater use 

Different driving forces encourage farmers to use groundwater as their main source of 

irrigation. In their study, Shah et al. (2007) mention several favorable characteristics 

of groundwater over surface water use for irrigation:  

-  Ubiquitousness: it is available almost everywhere, even if in different degrees 

-  Easy development of groundwater irrigation: unlike surface irrigation 

structures that usually need large scale governmental initiatives, groundwater 

use can be easily developed by individual farmers 

-  Lower capital costs: capital costs of groundwater structures are lower per 

hectare of irrigation than those of surface water projects  

-  Drought-resilience: groundwater aquifers can keep reserves during dry times 

even when all surface bodies dry up 

-  Irrigation on demand: farmers have the freedom to apply water whenever they 

consider that their crops need it the most 

-  Lower transmission and storage losses: leakage and evaporation of 

groundwater is lower for groundwater than it is for surface water 

 

Another advantage of groundwater for irrigation over surface water is its efficiency. 

In general, farmers assume all the extraction costs to produce high value crops 

because they have a greater security in their investment, considering that groundwater 

is not as affected as surface water availability when droughts occur. Despite observed 

low returns from groundwater use in crop and livestock farming, smallholders that use 

groundwater as a livelihood support system have high expectations on this irrigation 

method as it has contributed dramatically to poverty-reduction programs (Shah 2005). 

As a matter of fact, evidence has shown that groundwater irrigation has an economic 

productivity five times greater than surface water for the same purpose, meaning 

“more crops and jobs per drop” (Hernández-Mora et al.  2001 as cited in Fornés et al.  

2005).  

Benefits of groundwater use for irrigation can be perceived through increased 

productivity, food security, job creation, livelihood diversification and general 

economic and social improvement. However, when misused, groundwater extraction 

can have negative outcomes as the lowering of the water table, deterioration of water 

quality, and saline intrusion. Mukherij & Shah (2005) state that social and economic 

impacts of intensive groundwater use  
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‘may be either positive or negative depending on the factors, such as the nature of 

the aquifer, pressure on the aquifer, recharge rates, type of use, climate and so on.’ 

(Mukherij & Shah 2005, p.329) 

 

2.1.2 Risks associated to intensive use of groundwater 

Although –as it was previously mentioned– almost half of the world’s population 

depends on groundwater for domestic consumption, irrigated agriculture is still the 

main use given to groundwater. The often high quality of this resource increases the 

competition among individual farmers in rural communities for livelihoods and food 

security (Shah et al. 2007). The growth obtained from the intensive use of 

groundwater for agricultural irrigation comes at the expense of aquifer pollution and 

groundwater depletion. Therefore, it threatens water security and results in a “colossal 

anarchy”, a term used by Shah (2005) to refer to the situation of some African and 

Asian countries that have applied groundwater irrigation in a way to sustain billions of 

livelihoods but threaten the resource itself. Shah et al. (2007) also state that  

‘(…) existing trends cannot be sustained unless accompanied by far more intensive 

regimes of resource management than are currently deployed.’ (Shah et al. 2007, 

p.395) 

 

By “existing trends” he refers to existing mechanisms that encourage high levels of 

water extraction, such as government subsidies (i.e. equipment, energy for pumping) 

and easy access to inexpensive pumps and drilling technologies. Besides, ignorance, 

vested interests, and even low credibility of the water officials warning about the 

potential overexploitation threats are other reasons that keep farmers from decreasing 

groundwater extraction (Fornés et al. 2005).  

Groundwater depletion not only has environmental consequences, but also severe 

economic ones, especially for the poor farmers who directly benefit from its use 

(Mukherij & Shah 2005). The mismanagement of groundwater is not a recent concern: 

high population pressure and intensive use of groundwater for irrigation purposes is 

directly related to poverty. Consequently, if the use of groundwater is one of the main 

income sources (indirectly through irrigated agriculture/aquaculture), they do focus on 

the short-term benefits of groundwater use. Hence, farmers tend to overuse their 

resources as a means to increase their income up to the point when they are not 
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functional anymore. This is often known as the “Silent Revolution” of intensive 

groundwater use.  

 

2.1.3 The Silent Revolution 

Llamas & Martínez-Santos (2005) define the concept of “Silent Revolution” as the 

phenomenon that has been taking place over the last half-century in arid and semiarid 

countries, in which millions of modest farmers aim to obtain the significant short-term 

benefits of groundwater for irrigation. This pursuit is usually carried out with no 

planning or control on the part of governmental authorities. According to the authors, 

science and technology are key factors of the revolution because the advances in well-

drilling techniques and hydrogeology have reduced the abstraction costs over time.  

As a result, the Silent Revolution is a product of a market driven force in which the 

abstraction costs represent in most cases only a small fraction of the economic value 

of the crop. This has become an important source of benefits, including the transition 

of modest farmers in developed and developing countries: as farmers benefit from 

agriculture revenues, they become richer and more educated, so they change from 

producing low-value crops to cash crops (Llamas & Martínez-Santos 2005). They 

authors consider that the main reason for this to happen is  

‘(…) the intrinsic reliability of groundwater, encouraged by the expectation of 

enhanced revenues.’ (Llamas & Martínez-Santos 2005, p.337) 

 

Despite its strength, Fornés et al. (2005) argue that the silent revolution is still largely 

ignored by decision makers, water engineers and the media. This ignorance is thought 

to be partially intentional, since in many cases decision makers are involved in large 

water projects (mainly linked to surface water) that tend to be more expensive and 

have even more serious social and economical damage.  

Llamas and Martínez-Santos (2005) highlight the notion that although intensive 

groundwater use should not be ignored and countries should keep in mind their 

potential negative effects, the main step towards achieving a sustainable groundwater 

development in developing countries is the eradication of poverty. They suggest that 

the problem is not only the intensive pumping of groundwater, but the poor 

management of the activity. In line with this opinion, Shah says that  

‘(…) groundwater depletion and deterioration, rising energy use and pumping 

costs, well failures, weakening drought-protection suggest that the groundwater 
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boom, which has done more to sustain the poor than all poverty eradication 

programs, will burst, sooner or later.’ (Shah 2005, p.31) 

 

By analyzing groundwater institutions and laws in countries such as Spain, Mexico, 

China and others in South Asia, Mukherij & Shah (2005) concluded that different 

aspects play a relevant role in the determination of groundwater management in a 

country: the scale of and dependence on groundwater, the economic status of the 

country, and the farmers’ power when lobbing for their rights. Also, the political 

structure in a country is said to influence its ability to govern groundwater. For the 

case of Vietnam –as it would be discussed in part 2.2 of this section– its socialist 

government has develop an explicit regulation on the management of the groundwater 

resources; however, its enforcement appears to be weak and the officials from the 

provincial Peoples’ Committees are not able to control individual management of 

groundwater.  

2.2 Groundwater management: regulations in Vietnam  

The regulation on water extraction and licensing in Vietnam is enclosed in the “Law 

on Water Resources” (LWR), approved in 1998 by the Vietnamese government and 

implemented in January 1999. This law establishes the Vietnamese government as the 

responsible entity for the management of water resources through the MARD. 

However, at the present time that responsibility is in hands of the Ministry of Natural 

Resources and Environment (MONRE), while the service function of irrigation and 

rural water supply is still under the tasks of the MARD (WEPA 2010). Since the 

moment this law was promulgated, the normative on water resource management was 

only partially implemented.  Therefore, to complement the LWR, the Vietnamese 

government released in 2004 the “Government decree on regulation on licensing of 

water resources exploitation, extraction and utilization and waste water discharge in 

water sources” (DRWR). Both of these statements will be further discussed in this 

subsection.  � 

�

�
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2.2.1 Law on Water Resources (LWR) 

This law deals with the water resources in terms of surface water, rain water, 

underground water, and sea water in the territory of Vietnam. For the purpose of this 

study the focus will be taken for underground water only. 

Regarding underground water protection, Article 12 of the LWR states that: 

‘Organizations and individuals that exploit underground water must comply with 

the order and norms on technical safety and prevention against depression and 

sinking, on the protection of water- storing layers and the related environment, on 

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

 

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

resources, the LWR mentions in its Article 22 that:  

‘They have the right to exploit and use water resource for purposes of living, 

agricultural, forestry and industrial production, mining, electricity generating, 

water transport, aquaculture, sea fishery, salt making, sport, recreation, tourism, 

medicine, health rehabilitation, scientific research and other purposes as 

prescribed by this Law and other provisions of law.’ (National Assembly of 

Vietnam 1998, p.7) 

 

According to the LWR, a permit from the Government is needed for the exploitation 

and use of water resource. Organizations and individuals conducting probing drills, 

geological surveys and prospection and construction of underground water works 

require permits from a State agency. The exceptions in which a permit is not required 

for groundwater use and exploitation are:  

- To exploit and use sources of surface water and underground water of small 

scale for family use in living; 

- To exploit and use sources of surface water and underground water of small 

scale for the family in agricultural, forestry production, aquaculture, small 

industry and handicraft production, hydropower generation and other 

purposes. 

The decision of issuing permits for exploiting underground water must be based on 

the result of prospection and monitoring of groundwater and its potential and reserve. 

As for the use of water resource for agricultural production, the LWR states in Article 

26 that: 
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‘Organizations and individuals exploiting and using water resource for 

agricultural production must take measures to save water, prevent and combat 

acidity and salinity of water, slushiness and erosion without polluting the water 

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

 

In case organizations and individuals do not comply with the LWR by causing 

deterioration or depletion of the resource, or by violating any other principle of the 

law, they can be subjected to administrative fines or examined for penal liability to 

compensate for their damage. The LWR states that the sanction should be established 

according to the law; yet, there is no reference to any kind of punishment in the 

document. On the other hand, the DRWR does include certain sanctions that could be 

applied in case the law is infringed.  

 

2.2.2 Decree on regulation on licensing of water resources exploitation, extraction 

and utilization and waste water discharge in water source (DRWR) 

This decree was established in conformity with the LWR. It exclusively considers the 

regulation of issue, extension, amendment, termination and revoking of permits on 

exploration, extraction, exploitation and utilization of water resources and waste water 

discharge into water sources/bodies.  

When referring to licensing principles for groundwater, Article 4 of the DRWR 

mentions that it should be ensured for groundwater extractions in a specific area to not 

exceed its potential exploitation limit and that, in an area where groundwater 

extraction is approaching its potential exploitation limit, the extraction shall not be 

expanded until groundwater resources in that area are supplemented artificially 

(National Assembly of Vietnam 2004).   

The decree includes a licensing exemption for groundwater use and exploitation for 

the case of:  

- Extraction, exploitation and utilization of groundwater from reconstructed 

facilities within licensed exploitation areas with pumping rate and water level 

draw-down not greater than limits as identified and approved in the permits.  

A very important clarification that the DRWR does on its Article 6 is that, although 

households that extract groundwater at small scales do not have to apply for permits, 

they need to be registered when: 
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‘(a) groundwater extracted is used for irrigation, aquaculture and small-scaled 

crafting in such areas when the total water extraction volume does not exceed the 

assessed dry season average groundwater availability (emphasis added, Alvarado 

Quesada) 

(b) depth of drilled boreholes exceeds the authorized limit’ (National Assembly of 

Vietnam 2004 p.3) 

 

Unfortunately, compliance with this article is not easily achieved. Each Provincial 

People’s Committee is responsible for the specification of household extraction 

quantities and limits for extraction and utilization of surface and groundwater 

resources. Still, depletion of groundwater resources and water scarcity are already 

perceived in coastal areas of the Mekong Delta (MD) in Vietnam because households 

overuse their resources for personal consumption and irrigation and they do not 

register as groundwater users at a larger scale. Therefore, the Government cannot 

control the water extraction in households without licenses.  

 

2.2.2.1 Permits 

Permits for groundwater exploration are issued for a period of up to 3 years, and for 

extraction, exploitation and utilization it can be extended up to 15 years. Both kinds of 

permits can be renewed or extended, with the exception of the following 

circumstances:  

For exploration 

- If the project is impeded by unfavorable land conditions 

- If the current hydro geological conditions differ significantly from those 

considered at the issuing of the permit 

- If the depth of the groundwater facility exceeds the designed quantities by 

more than 10% 

For extraction, exploitation and utilization 

- If water extraction has caused land subsidence, deformation of structures, 

salinity intrusion, degradation and severe pollution of water sources  

When obtaining a permit, its holder has both rights and obligations. He/she can be 

compensated by the state for losses and damages in case that the permit should be 

revoked for unexpected circumstances such as defense or national and community 

security. At the same time, Article 18 of the DRWR mentions that he/she is obliged 
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‘(4) to protect water sources in the areas of exploration, extraction, exploitation 

and utilization of water resources and discharge of water into water sources 

(5) to provide sufficient and transparent information about water status in the 

areas of exploration, extraction, exploitation and utilization of water resources and 

discharge of water into water sources when requested by authorized agencies’ 

(National Assembly of Vietnam 2004, p.8) (emphasis added, Alvarado Quesada) 

 

The sanction for violating the law goes from the suspension of the permit to its 

revocation, depending on the magnitude of the law’s infringement. In reality, 

however, these permit suspensions or removals do not occur as strictly as it should 

according to the regulations.  

Nowadays, water management and sanitation is one of the main topics in the global 

agenda. The relevance of proper water supply and sanitation is evidenced directly in 

one of the Millennium Development Goals1, and indirectly in most of the rest. Besides 

the LWR and the DRWR, the Vietnamese Government has put into practice other 

strategies and initiatives that target the proper use and access to clean water for its 

country’s inhabitants. Some of these initiatives are related to the case study in terms 

of groundwater administration. Hence, they will be mentioned in the following 

subsection.  

 

2.2.3 The National Rural Clean Water Supply and Sanitation Strategy up to Year 

2020 (RWSS) 

In 2000, the Vietnamese Government implemented this strategy as one of their most 

important national targets for the period 2000-2005. Rural areas in Vietnam contain 

75% of the country’s population and it is where most agricultural activity takes place. 

Therefore, the strategy was based upon one of the main principles of the 

Government’s policy that states that 

‘(…) rural living conditions shall be improved, and in particular for RWSS: most 

people should have access to clean water; there should be improved rural 

environmental sanitation, this including stopping the use of fresh excreta as 

fertiliser, and achieving a "Clean, Green and Beautiful" rural environment.’ 

(MARD & MoC 2000, p.9) 

 

���������������������������������������� ��������
1 “Goal 7: Ensure environmental sustainability”. UNDP 2009. �
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The main focus of the strategy is to ensure the provision of clean water for drinking 

purposes and health improvement by constructing appropriate infrastructure (hand 

pumps, wells and latrines). However, the development of this infrastructure has a 

secondary end product for households by also providing them the access to water for 

irrigation purposes.  

The Government and some international donors as UNICEF have invested on several 

projects to contribute to the development of water supply facilities. Still, these 

projects have not been able to cover the high demand of missing water supply systems 

countrywide; therefore, the coverage of the strategy is low (MARD & MoC 2000). In 

addition to this, they state that there is a weak legal environment since there are no 

proper regulations and guidelines for the good management of RWSS.  

For the years 2006-2010, the focus of the National Target Program for Rural Water 

Supply and Sanitation (NTP-RWSS) was for users to decide on types of RWSS 

facilities suitable for their activities and financial capabilities. The Government’s role 

was to provide support and training to the rural population for the proper management 

of such facilities.  

As for the use of drilled wells for groundwater extraction, the NTP-RWSS mentions 

that:  

‘The development of household drilled wells should be minimized, especially in the 

Red and Cuu Long river deltas. All poor quality drilled wells should be filled 

quickly to avoid pollution of the ground water.’ (National Assembly of Vietnam 

2005, p.28) 

Furthermore,  

‘The program will contribute to solving the problem of environment pollution and 

protect the quality of water sources, and especially prevent major unplanned 

extraction of groundwater causing exhaustion and contamination’ (National 

Assembly of Vietnam 2005, p.35) 

 

2.2.4 National Water Resources Strategy towards the Year 2020  

This strategy, signed by the Prime Minister in 2006, aims  

‘(…)to strengthen the protection, exploitation, use and development of water 

resources, as well as the prevention and mitigation of adverse impacts caused by 

water.’ (MONRE 2006, p.2)  
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Moreover, the Strategy mentions some major challenges that Vietnam has to face in 

terms of water management. It is expected that climate change will lead to a decline in 

water resources, at the same time that the population is expected to grow, leading to 

even a more serious problem in terms of inefficient water supply. Besides, economic 

growth also represents a threat for water resources because pollution of surface water 

increases in scale and scope, and there is a larger demand for exploitation and use of 

water for agricultural and industrial activities.   

Particularly for underground aquifers (from where groundwater is extracted), it is 

highlighted that the surveying and exploration of groundwater has not been widely 

conducted in the country, with only a 15% of its area been studied. Although they 

have forecasted big groundwater reserves around the MD, the country still lacks a 

proper monitoring network. This is essential for the identification of water sources 

and for the estimation of natural dynamic reserves in the country.  

Also, it is observed that signs of degradation and the exhaustion of groundwater have 

become obvious and widespread in some regions (MONRE 2006). The drop in water 

levels has negative consequences such as land subsidence, contamination and saline 

intrusion.  

Finally, the Strategy emphasizes “the incomplete legal system for water resources 

management and the inadequate organization and management in water resources” 

(MONRE 2006). It is mentioned that the LWR has not been fully followed and that 

water management activities are poorly coordinated. Besides, there is an overlap and 

lack of coordination and in water projects, a lack of economic and financial policies in 

water resources, and finally there is incomplete data on water resources that is non- 

reliable and comprehensive.  

 

 

Basic concepts and opinions of specialists in groundwater management have been 

mentioned in this section in order to present a general understanding of what are the 

main governance aspects of this valuable resource. In this way, these definitions can 

be related and applied to the case study that takes place in the province of Tra Vinh, 

given its specific conditions (see Section 3). 

As for legal aspects, groundwater regulation in Vietnam was mentioned through the 

guidelines of the LWR and the DWRW. Other governmental strategies related to 

water management in the country that also relate to groundwater use were taken into 



� �$ �
�

account. Still, it is recognized that the compliance with the law is weak in the MD and 

in particular in Tra Vinh. The lack of requirement for permits to extract groundwater 

at a small scale has caused farmers to dig wells not only for domestic consumption, 

but for irrigation of their crops, exceeding the amount of water they are initially 

allowed to extract. Households overuse the resource without reporting it to the local 

authorities. As a result, the inhabitants of the whole province have to face water 

scarcity during the dry season, and other problems such as water pollution and land 

subsidence all throughout the year. Finally, exploration and analysis of groundwater 

availability and quality has not been carried out extensively in Vietnam. There is still 

much to do in that area in order to implement accurate regulations and policy towards 

sustainable groundwater use.  
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The following section deals with the general description of Tra Vinh province, 

Vietnam. The overview will include the province’s topographic and geographic 

characteristics, the economic activities carried out in the region, and its weather 

conditions. Also, drought occurrence in Tra Vinh and � as a consequence of it�  the 

presence of salinity intrusion will be described in detail.         

3.1 Description of the site 

Tra Vinh is one of the 13 provinces located in the MD of Vietnam. Its population is of 

1.1 million people (6% of the MD’s population), of which 85% live in rural areas. The 

province has an area of 2295 km2, representing around 6% of the total area of the 

delta (GSO 2010). It has one town (Tra Vinh town), eight districts and 102 communes. 

In particular, Cau Ngang district has an area of 319 km2 and a population of 138 000 

inhabitants (Sanh 2010). This district is composed of 15 communes, including My 

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

 

Figure 1. Map of Tra Vinh Province in the Mekong Delta, Vietnam 
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Tra Vinh is bordered by Ving Long, Ben Tre and Soc Trang provinces and has a 

coastal line towards the south-east, where the East Sea borders it for more than 65 km 

(Figure 1). It is located about 200 km away from Ho Chi Minh City, one of the 2 most 
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important cities in Vietnam. It is surrounded by two branches of the Mekong River, 

the Hau River and the Tien River. Therefore, the waterway transportation and the 

aquaculture activities of the province are strongly developed (Tra Vinh Portal 2010). 

The province is influenced by the East Sea tidal regime through the two branches of 

the Mekong River and their intertwining canal system.  

Almost 70% of the inhabitants of the province are Vietnamese or ‘Kinh’, as they are 

called to distinguish themselves from other ethnic groups within the country. The 

other 30% are part of the ethnic ‘Khmer’ minority in Vietnam, an indigenous group 

that has remained from the former Khmer Empire. The presence of the ‘Hoa’ minority, 

a group consisting of ethnic Chinese people, is also acknowledged 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 MD and its territory does not reach 

more than 5 meters of height (more than half of its land is between 0.4 – 1.0 m of 

height). Higher terrains are mainly represented by sand mounds, whereas lower 

terrains are several depression fields located around the province. Geological 

characteristics indicate that the province was formed from sediments from river and 

sea alluvium.  

The diversity of its land form allows different kind of crops to be grown in the 

province. For instance, fruit crops usually take place on sand mounds, rice plantations 

predominate in lower areas and riverside depressions are appropriate for natural 

shrimp farming (Tra Vinh Portal 2010). The most suitable terrain for agricultural 

production is considered to be the one located between 0.6 – 1.0 m of height. This 

ground level drains easily, preventing droughts or floods from occurring.  

The variety of land composition and the weather conditions allows the region to have 

different kinds of farms. According to the General Statistics Office of Vietnam (GSO 

2010), in 2008 there were approximately 2290 farms located in the province, of which 

1753 were fishing farms, 426 were livestock farms, and the rest were annual or 

perennial crop farms. 

 

3.1.2 Economic activities 

Some of the main activities that promote the economic growth of the province are the 

following: 
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-  Trade: Tra Vinh exports seafood (in particular catfish and shrimp), fruits and 

vegetables, quality chemicals and medicines to over 34 countries among Asia, 

the European Union, America and Australia. 

-  Tourism: In comparison with the rest of the provinces in Vietnam, Tra Vinh is 

not one of the most attractive sites for international tourism. However, it has 

cultural and historical monuments, as well as ancient villages with French 

architecture. There are 141 Cambodian architecture pagodas of Khmer people, 

along with their specific traditional festivals, that act as main attractions for 

members of this ethnic group all around the country. Furthermore, it is a beach 

destination due to its coastal location.  

-  Industry: Currently, the province is aiming to increase the annual average 

industrial growth rate. As a result, 13 industrial groups and centers are planned 

to be built in the township and surrounding districts. Also, the provincial 

government is promoting the linkage with other provinces in terms of 

education, such as collaborations with other universities, science research 

institutes, and investment in academic facilities. In particular, they are 

encouraging training plans for economic and business managers, and skilled 

technical workers to reinforce the human resource for the empowerment of 

socioeconomic development.    

-  Agriculture: as most of the rest of the provinces in the delta, agricultural 

production is the economic strength of Tra Vinh (DONRE 2005). It has an area 

of cultivation of 274 000 ha, of which 83% is devoted to rice production and 

7% to fruit trees. Other fruits and vegetable varieties from the province include 

coconut, sugarcane, corn, manioc, peanuts, and cassava (Table 1). Also, it has 

the largest flock of cows in the MD (145 400 cows), with other livestock 

activity including cattle and poultry breeding. Agriculture is also considered a 

basis for the development of the Industry sector as it provides abundant 

resources for the processing and export industry. 

-  Aquaculture: there are around 59 400 ha for aquaculture activities in Tra Vinh. 

The approximate output of aquaculture is estimated to be of 150 000 tons/year, 

of which 63% correspond to shrimp farming. Other products include black 

tiger, scallops, crabs and catfish. Currently, the working capacity of seafood 

processing factories can only handle the production of 30% of export-oriented 
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output. Therefore, investment projects are being carried out to develop the 

export seafood processing sector.  

 

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

Tra Vinh is located in the subequatorial monsoon tropical area of Vietnam. The 

province only experiences two seasons per year: the rainy and the dry season. For the 

whole MD, the North-East monsoon generates the rainy season, consisting of 90% of 

annual rainfall, and the South-West monsoon determines the dry season that covers 

10% of annual rainfall. The dry season lasts from November to April and the rainy 

season starts in May and lasts until the end of October (Ko & Lee 2000). 

The average temperature of the province during daytime is of 27ºC, reaching up to 

36ºC at its maximum level and having the lowest temperature around 19 ºC. As for 

humidity, the annual average moisture ratio varies from 80 to 85% even though an 

average of 90% or above can be observed in some months. During the rainy season it 

can reach up to 88% whereas during the dry season it is around 79%.  

Almost 90% of the rainfall in Tra Vinh occurs during the rainy season that goes from 

May to October. Rain levels decrease gradually from the North to the South of the 

province, with higher rainfall levels in Cang Long district and for a more extended 

period of time (around 118 days per year) and lower ones in Cau Ngang district 

(approximately 79 days of rain per year). During the period of 1995-2008, the average 

rainfall level during the dry season (November to April) in Tra Vinh was 53.6 mm, 

whereas in the rainy season the average value was 232.2 mm.  

Figure 2 reveals that year 2008 was atypical because rainfall levels reached a very 

high value in the month of November (345.9 mm). In 1995 the highest rainfall levels 

took place in the months of August and September; whereas in 2000 –an exceptional 
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year in terms of rainfall and floods– the highest rainfall 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 usually registered from August to November, 

May 2008 represents an outlier with respect to the same month in the other depicted 

years. Even though May belongs to the rainy season period, its rainfall level was 

almost as double as the values from the other years compared in the graph.   

Tra Vinh is also characterized for its high evaporating levels. During the dry season, 

the evaporating volume is higher, especially in areas close to the sea, causing severe 

droughts. Sometimes the evaporating volume is higher than the amount of water 

received by rainfall. This leads to capillarity of salty water concentrated in the land, 

and makes it harder to use it for crop development. In addition, salinity intrusion is 

another physical problem that occurs during the dry season. This phenomenon is 

caused by sea water flowing inland when not enough freshwater flows to the estuaries 

(Be et al.  2007). Droughts and salinity intrusion in Tra Vinh will be addressed with 

more detail in subsection 3.2.   

There are two types of wind currents that affect the province. The first one is the 

southwesterly monsoon wind that occurs between May and October, bringing steam 

blows from the sea in the west of the province that causes rain. The second one is the 

Northeast wind that takes place between November and March in a parallel direction 

with large estuaries from the region. This wind current causes sea level to rise and 
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therefore ends up pushing salty water into deep inland areas. Consequently, salinity 

intrusion occurs and the agricultural production is damaged by it during this period.  

Overall, the weather of Tra Vinh is stable throughout the year and the province is 

rarely affected by strong storms. However, its proximity to the sea increases the water 

level of the rivers, and combined with the rapid tidal amplitude, it causes floods for a 

period of 3-4 months in part of Cang Long district (north of Tra Vinh) and some 

central areas of the province, along the riversides and sunken areas in Cau Ngang, 

Duyen Hai and Tra Cu districts. Nevertheless, the drainage capacity is high due to its 

proximity to the sea.   

3.2 Drought vulnerability in Tra Vinh 

Along with floods and typhoons, droughts are one of the many natural hazards that 

threaten the economic and social stability of the inhabitants of the MD. Te (2007)  

mentions that, unlike floods, droughts develop more slowly over periods of several 

months; but when they do happen, their impact extends to economic, social and 

environmental levels, affecting all those who depend on secure water availability and 

supplies. According to Te (2007),  

‘The severity of a drought is dependent not only on its duration, intensity and 

special extent, but also on the specific environmental and the economic activities 

carried out within.’ (Te 2007, p.1) 

   

According to Be et al.  (2007), the short discharge of the Mekong River, together with 

the low groundwater table levels, leads to serious shortages of fresh water for rice 

cultivation and domestic drinking water during the dry season. These two factors, 

along with the tidal fluctuations from the Gulf of Thailand and the South China Sea 

(officially called “East Sea” by the Government of Vietnam) act as constraints for 

agricultural production in the delta, despite its favorable conditions for such economic 

activity (Truong & Anh 2002). Figure 3 shows the direction of these water currents in 

Tra Vinh.  
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Figure 3. Water flow constraints for agricultural  

production in Tra Vinh  
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Additionally, droughts are a major threat to the acid sulfate soils in Tra Vinh. The 

subsoil contains acids that, if perceived in the top layers, can cause severe damage to 

soil fertility. When such layers are moisturized, acidity is not a problem. However, in 

the dry season water is depleted from the layers through evaporation. During this 

procedure,  

‘(…) the water movement in the sub-soil changes upwards bringing along the acids, 

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

 

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

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

2010). Due to El Niño effect, the average temperature was 3ºC higher between 

January-March than the average temperatures of former years. Moreover, in October 

of 2009 rainfall levels were around 70-90% lower than other years, with some places 

not even having rain at all in that month and therefore resulting in water shortages. 

Such unexpected patterns of rainfall occurrence (the dry season starts until November) 

are one of the many characteristic of droughts (Te 2007). 

 

3.2.1 Salinity intrusion  

Tra Vinh is part of the 2.1 million hectares of the MD coastal area that is affected by 

salinity intrusion mainly during the dry season. 90% of its natural soil is encroached 

by salty water. Although officially the dry season takes place from November to April, 
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salinity intrusion begins in December and normally lasts until the end of June 

(depending on rainfall), achieving the highest levels of salinity in April. Around 18% 

of agricultural areas of the province suffer from salinity regularly during the whole 

year. In particular the districts of Cau Ngang and Duyen Hai experience long periods 

of salinity, limited access to freshwater and low levels of rainfall.  Hence, the harsh 

conditions of Cau Ngang district cause difficulties for agricultural production to 

develop efficiently, making aquaculture (shrimp farming systems in need of brackish 

water) and forestry two suitable activities for the area (Tra Vinh Portal 2010). In 

addition to this, by the end of the rainy season a combination of high moisture levels, 

low temperatures and the widespread of northeast winds can cause frosting that affect 

crops growth because of the significant levels of salt in the air.  

The National Hydro-meteorological Forecasting Center in Vietnam announced that in 

2010 the salinity intrusion began one month in advance than the previous year in 

several provinces, including Tra Vinh (VNS, 2010). This early onset of the dry season 

and the drought has caused saline water from the East Sea to enter as much as 40-50 

km inland through rivers in the MD. The upwelling of seawater has resulted in 

damage to agriculture, aquaculture, and problems in daily life of the population (Linh, 

2010).  

 

 

From this section it is possible to summarize some relevant points. Tra Vinh is a 

coastal province with an agricultural-based economy and a majority of rural 

population. Aquaculture has also been gaining strength in the area given the facilities 

to access brackish water. For these two economic activities, water availability is 

essential for their development. However, droughts, and in particular salinity intrusion 

and soil acidification are the main constraints for such activities. The next section will 

deal with water sources and availability in the MD, and in particular, in Tra Vinh.      

�
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Given the strong agricultural activity that takes place in Tra Vinh, water is one of the 

most important natural resources for the socioeconomic development of the province. 

Droughts and salinity intrusion are common threats to the economy of the province 

when there is not enough water for irrigation and consumption and when its quality is 

low. This section intends to describe the current state of water resources of the 

province. First, a brief explanation of water resources in the Mekong Delta will be 

presented; then, a specific focus will be done on groundwater, which is the main water 

source for the inhabitants of Tra Vinh province. Its availability, quality issues and 

overexploitation will then be described.   

4.1 Water sources in the Mekong Delta  

In 2008 the estimated amount of people living in the MD was of 17 695 inhabitants, 

accounting for 20.5% of the country’s population (GSO 2010). Aside from the high 

water demand for consumption of its population, the MD is mainly devoted to 

agriculture, and the water requirements are very high for irrigation, industry, and 

aquaculture.   

There are 3 main sources for water use and consumption in the MD: rainwater, 

surface water (river, streams, and canals) and groundwater. These water sources are 

unevenly distributed across the delta, and according to Tuan (2003), the people 

choose their preferred source depending on the periods of the year, their location and 

their living conditions. Table 2 presents the different water sources in the delta and 

their main characteristics.   

 

Table 2. Water sources in the Mekong Delta, Vietnam 
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In general, the MD has high annual levels of precipitation. However, irrigation is still 

necessary in the region because of the strong agricultural activity that is carried out. 

Therefore, due to the extensive amount of surface water resources, surface water is the 

main source of irrigation of the delta.  

Nevertheless, the situation of Tra Vinh is different because, as a coastal province, 

salinity intrusion and sulfate soils do not allow the use of surface water for irrigation 

and consumption. Huu-Thoi & Gupta (2001) mention that  

‘The salinity intrusion in the Mekong river system is found more severe compared 

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

in the Mekong and the Bassac are nearly equal while there are more branches in 

the Mekong river and consequently the flow in each branch is less comparable to 

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

 

Hence, the province uses groundwater as a main resource for water consumption and 

use, and its inhabitants have a high level of dependence on it for their daily activities. 

Particularly in the MD, groundwater is exploited and pumped from two different 

levels of depth: at 80-120 m for household wells and at 400-500 m for groundwater 

plants (Sanh 2010). The following subsection will focus 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 Human Security of the United Nations 

University (UNU-EHS) has been working on a project to develop case studies on 

groundwater management in different countries such as Vietnam, Egypt, and Iran. 

This has been made in joint collaboration with different international 

organizations/institutes, and in Vietnam the responsible one is the Mekong Delta 

Development Research Institute (MDI) of Can Tho University. The chosen province 

for the development of the study case in Vietnam was Tra Vinh province, mainly 

because of its regular experience with droughts and intensive use of its groundwater 
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resources (Renaud et al.  2008). In particular,  two communes were chosen: My Long 

Bac and Long Son. They were selected because they are considered representative of 

the province’s ecosystems (sandy bank land, fresh water and coastal land); they have 

residents of all the ethnicities that can be found in Tra Vinh (Khmer, Kinh and Hoa); 

and finally because they encompass the different economic statuses of the province. 

According to preliminary information compiled by the UNU-EHS project, 80% of the 

population of Tra Vinh relies on groundwater for daily activities, mainly for two 

specific functions: domestic consumption and agricultural purposes. Such an 

important resource is facing an ongoing problem in quantitative and qualitative terms 

(i.e. water scarcity, pollution and overexploitation) that directly affects the livelihoods 

of Tra Vinh’s inhabitants. These problems will be described below.   

 

4.2.1 Groundwater availability 

Huu-Thoi & Gupta (2001) mention that there are five hydrogeological units or aquifer 

layers in the Mekong Delta (following the sequence from the ground surface to the 

bedrock):  Holocene, Upper Pleistocene, Lower Pleistocene, Pliocene and Miocene. 

Each of them contains partly fresh water and partly saline water. According to the 

Department of Natural Resources and Environment of Tra Vinh (DONRE), the 

information on groundwater in the province is only available at a depth of less than 

400 m. For that depth, and through the area that comprehends the 5 layers of the 

aquifer, there is a total water flow of 1.08 million m3/day (Dun et al.  2010). 

The first aquifer layer, the Holocene (depth of 54-74 m), only presents groundwater 

during the rainy season. Even at that moment, water is insufficient to be extracted and 

furthermore, its high contents of NO3
- and NO2

- make it inadequate for consumption 

and irrigation. Nowadays, wells are constructed up to larger depths from 80-120 m 

below land surface, mostly extracting water from the Pleistocene aquifer which has a 

depth of 80-100 m. This layer has been used since 1993 when UNICEF implemented 

a project to supply drinking water through groundwater extraction. Currently, about 

85% of wells take their water from the upper part of the Pleistocene layer for farming 

activities. Other organizations such as the Asian Development Bank and the World 

Bank have also provided financial support to the province for water supply projects 

for household consumption (Trung 2005 as cited in Sanh 2010).  

As means to access groundwater, Tra Vinh has around 98 000-105 000 wells and 174 

stations that in total extract 200 000 m3/day. From these wells, over 12 000 are located 
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in Cau Ngang district, which is the site where the case study takes place. Since the 

majority of people exploiting groundwater in the province are poor, they do not have 

to pay for the water (Dun et al. 2010).  

Households have also started to build basic pumps in their own properties as a mean 

to cope with water scarcity during the dry season. Nevertheless, individual households 

do not need permission from the Vietnamese government to construct small wells. 

Therefore, there is no registered information neither of the precise number of private 

household wells nor of the amount of water withdrawn, as it was mentioned in Section 

2. 

 

4.2.2 Groundwater overexploitation 

Among the main activities in the province that rely on groundwater resources for their 

daily use are crop irrigation, shrimp farming and processing, livestock production and 

industrial development and services (Dun et al. 2010). In addition to this, there is an 

unrestricted access to the construction of private tube wells and water pumps for 

domestic consumption and irrigation since a permission from the Vietnamese 

government for their construction is not mandatory. This overexploitation of 

groundwater during the dry season reduces the sustainability of groundwater supply 

and increases the costs of water pumping (Danh 2008). The physical resource is less 

rechargeable in the dry season, in which most of the time there are droughts.  

Tra Vinh has also undergone rapid changes on its landscape in the past decades. In 

particular, agriculture has shifted from extensive cultivation process (1 crop per year) 

to an intensification of cropping systems (2-3 crops per year). Although this change 

has empowered the province’s economy, it also acts as a threat for water security 

during the dry season. Moreover, the rapid growth of shrimp farming demands large 

amounts of water that are obtained from underground sources. As a result, the UNU-

EHS states that this over-exploitation of groundwater in Tra Vinh for irrigation and 

shrimp cultivation has caused the groundwater level to drop by about 8 meters 

(Renaud et al. 2008a).  

It has also been noticed by specialists of UNU-EHS that the electricity supply in some 

areas of Tra Vinh is challenged by demand for electricity caused by groundwater 

pumps. If all farmers want to pump water at the same time, the electricity system 

collapses and automatically shuts off. The problem then extends not only to a lack 

water shortage, but to power shortage as well.  
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4.2.3 Groundwater quality  

Nowadays more people are switching from surface water to groundwater because 

surface water is becoming increasingly contaminated (Danh 2008). However, in Tra 

Vinh the quality of groundwater resources is now also facing pressure because of 

pollution levels, salinity intrusion and soil acidification. Around 2000 hand-pumps 

have been abandoned due to salinity intrusion, which means that they are not properly 

closed to avoid the salinity from leaking to any further groundwater streams. These 

are consequences of inadequate constructions of wells, low quality of the installed 

equipments or leakages from pipe systems. As for DONRE (2005), they state that the 

number of drilled wells and the distance among them are another concern due to the 

proximity among the wells. Even when a high number of wells have experienced 

quality problems in terms of iron content, salinity, bad odor or pH values, almost all 

plans for the future are still based on the increase of groundwater extraction (Sanh 

2010).  

Besides the problems that salinity intrusion carries (mentioned in Section 2), there are 

other kind of factors that alter the quality of groundwater in the province. The 

DONRE of Tra Vinh releases a “State of the Environment” report every five years, for 

which the department takes annual samples from groundwater sources in the province 

in order to develop qualitative analyses of the chemical components in the water. The 

latest document was released in 2005 and the results show that there are some 

parameters that are not within the proper levels established by the Groundwater 

Quality Standards in Vietnam (TCVN 5944-1995), such as iron content, coliforms, 

nitrates and pH levels. In particular, iron content ranked considerably high for both 

rainy and dry season, reaching from 1.3 up to 7.1 times the standard set values. As for 

microorganisms, the report states that all underground water samples were polluted 

with microorganisms, in some cases with coliform values significantly exceeding the 

standard levels. 

More recently, the Department of Science, Technology and Environment of Tra Vinh 

(DOSTE) stated that a significant number of wells in the province are polluted with 

organic matter and chemical fertilizers, and 50% of the wells have and iron content 

higher than the recommended level by the Vietnamese standards (DOSTE as cited in 

Renaud et al. 2008a). This demonstrates that the water quality threat is still persistent 

after 5 years.  
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Furthermore, several studies have highlighted the presence of high arsenic levels in 

groundwater of the MD that is used for drinking purposes (Dun et al. 2010, 

Buschmann et al. 2008, Bang et al. 2008, Stagner et al. 2005).  Buschmann et al. 

(2008)  state that 

‘Since the daily use of groundwater as drinking water has become popular in the 

Mekong Delta only during the last 10–15 years, it is expected that in the near 

future victims suffering from chronic arsenic poisoning will also be identified in 

Southern Vietnam.’ (Buschmann 2008, p.757)   

 

When individuals are exposed for a long period of time to arsenic-rich water for 

consumption, they might suffer from arsenicosis, which is the effect of arsenic 

poisoning over a long period of time (5 to 20 years). Some of the negative effects of 

this condition are skin problems; cancers of the skin, bladder, kidney and/or lung; 

diabetes, reproductive disorders and high blood pressure (WHO 2010). In addition to 

arsenic, Buschmann et al. (2008) also mention that manganese is another groundwater 

contaminant in the MD. This one is particularly toxic for newborns, children, and 

could have a negative effect on the intellectual development of the child if the 

pregnant mother ingests it.  

In terms of groundwater management in Tra Vinh, there is a lack of basic information, 

along with a lack of human skills and of expertise in groundwater issues (Dun et al. 

2010). Together with complicated decrees at a central level, this results in poor 

management of groundwater at the local sphere. When conducting a visit to Tra 

Vinh’s DONRE, the specialists from UNU-EHS discovered that the Division of Water 

Resources Planning in Southern Vietnam (DWRPIS) had been reporting data from the 

province (amount of wells, hydrogeological monitoring statistics) to the DONRE, but 

they did not use it or claim that they did not have access to it (Dun et al.  2010, p.18).  

As they observed, the information of DWRPIS is inconsistent with the one presented 

by DONRE, and even insufficient for further assessment of the state of groundwater. 

This inaccuracy makes it even more difficult for specialists to identify the real impact 

of salinity intrusion on aquifers in Tra Vinh. 

  

 

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

salinity intrusion and pollution from different sources are the major threats for water 
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security in Tra Vinh. In the long run, the recharging capacity of groundwater might 

not be enough to recover from increasing water withdrawals, leading to the total 

depletion of the resource. Unfortunately, water monitoring and studies on 

groundwater quality and use are still lacking in Tra Vinh, as in other parts of the 

country.  
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This section contains an overview of the economic literature relevant to the research. 

It aims to support the framework that will be used in the next sections for the data 

analysis. A conceptualization of terms considered basic for the research —such as 

drought and vulnerability— will be developed. Subsequently, different methods for 

vulnerability assessment will be reviewed. Finally, the Sustainable Livelihoods 

Approach (SLA) will be detailed since it is the main selected approach for the study 

analysis.  

5.1 Current situation  

Over the past years many studies have taken place in Vietnam to address the 

consequences of climate change for the country. The International Centre for 

Environmental Management (ICEM) indicates in one of its reports for the Mekong 

River Commission that Vietnam is amongst the countries expected to be most 

severely affected by climate change (MRC 2009).  Among the main climate change 

predictions derived from the study for the south of Vietnam are the following:  

-  Temperature increase of 1.1°C by 2050, with negative effects on agriculture, 

extension of drought periods and increase in the incidence of epidemic 

diseases. 

-  Seasonal rainfall predicted to decrease in July and August and increase in 

September, October and November. The shortage of rain during the dry season 

will then result in extended droughts periods.  

 

Taking into account these predictions and the current state of drought in Tra Vinh, it 

is crucial to study the socioeconomic conditions of the area in order to develop coping 

and adaptation measures for this natural phenomenon, as the frequency of it is 

expected to rise in the future (Pandey & Bandhari 2009). The focus of the analysis 

presented in this section covers vulnerability to droughts at a household level through 

the study of livelihood assets, properly embodied within the sustainable livelihood 

(SLA) framework.  
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5.2 Conceptualization of drought and vulnerability 

Drought is defined as meteorological failure caused by a shortfall of precipitation in a 

given period of time of more than a certain percentage for the area (Gupta 2002). 

However, this definition tends to present only the natural and physical description of 

the phenomenon. Pandey & Bandhari (2009) acknowledge that the impact of droughts 

also depends significantly on social and economic context of the area being studied.  

Analyzing droughts is generally difficult because it has a more complex nature than 

other natural phenomena, and is, as Wilhite states, ‘the least understood’ of all of 

them (Wilhite 1993 cited in Wilhelmi & White 2002). There are three main aspects in 

which drought differs from the rest of natural phenomena: 1) the difficulty to 

determine its precise onset and end, 2) the absence of a common, universal definition 

of drought and 3) the lack of attention given to it because it involves less 

infrastructure damage than other natural hazards as earthquakes and floods (Wilhite 

2000 cited in Pandey & Bandhari 2009).  

Also, drought management and preparedness differs between countries. For instance, 

while industrialized countries invest about 2.6% of their agricultural GDP in research, 

the expenditure of developing countries in research is estimated to be only of 0.62% 

of their agricultural GDP (Pal and Byerlee 2003 cited in Pandey & Bandhari 2009). 

Consequently, improvements in technologies for drought mitigation are harder to 

achieve in developing countries. The authors state that 

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

somewhat impractical to develop a universally applicable definition of drought.” 

(Pandey & Bandhari 2009, p.14) 
 

Droughts tend to have significant socioeconomic impacts in terms of food security, 

livelihood sustainability, poverty levels and vulnerability, and distress in 

environmental conditions. Since this research aims to focus on drought vulnerability 

at household level in Tra Vinh, some key terms will be defined.   

First, the concept of vulnerability should be stated. In the economic literature one can 

find many definitions for vulnerability. For this research, the definition stated by 

Wisner et al. (2003) has been chosen given that it is the most suitable one for the 

analysis. The authors define vulnerability as  

“(…)the characteristics of a person or group and their situation that influence their 

capacity to anticipate, cope with, resist and recover from the impact of a natural 
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hazard (an extreme natural event or process). It involves a combination of factors 

that determine the degree to which someone’s life, livelihood, property and other 

assets are put at risk by a discrete and identifiable event (or series or ‘cascade’ of 

such events) in nature and in society.” (Wisner et al. 2003, p.11)  
 

Wilhelmi & Wilhite (2002) agree that even if there are many definitions of 

vulnerability, most of them share the idea that vulnerability shows the degree of 

susceptibility of society to a hazard. Such susceptibility varies according to the level 

of exposure to the hazard as well as to the possible coping abilities. This description 

goes in line with the two dimensions of vulnerability: sensitivity and resilience 

(Brooks et al. 2005, Moser 1998, Turner et al. 2003). Moser (1998) defines sensitivity 

as the magnitude of a system’s response to an external event. As for resilience, it is 

defined as the ease and rapidity of a system’s recovery from stress. 

In some literature, the term vulnerability is directly linked and often equated with 

poverty (Christiaensen & Boisvert 2000, Moser 1998, Wilhelmi & Wilhite 2002). 

Nevertheless, there is a difference between the two concepts in terms of time horizon: 

poverty is generally defined through different static indicators representing an 

economic state at a defined moment, whereas vulnerability has a dynamic connotation 

that considers ex ante behavior and responses to a determined shock. This time 

dimension gives place for social responses and adjustments to be included under the 

approach of vulnerability.  

Some definitions conceive vulnerability as an independent dimension of the present 

state of poverty; instead, they emphasize the probability today of being poor at some 

point in the future —also known as ‘expected poverty’ —(Christiaensen & Subbarao 

2005, Coudouel et al. 2002). Nonetheless, since the probability of falling into poverty 

in the future is impossible to determine, Coudouel et al. (2002) propose that, in order 

to analyze vulnerability, one can use the variations of income and/or consumption as 

proxies. Such analysis could also be extended for specific nonmonetary variables that 

also tend to fluctuate and are related to vulnerability, such as health status and weight 

asset ownership among others. Vulnerability assessments of this kind are further 

described in subsection 5.3. 

Finally, Pandey & Bandhari (2009) combine both of the concepts previously 

studied—drought and vulnerability—in one single definition, which was chosen as the 

core concept for the purpose of the research analysis. They define drought 
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vulnerability as the degree to which households are susceptible to the adverse effects 

of drought. The following subsection addresses some of the methods employed to 

assess vulnerability under quantitative and qualitative measurements.  

5.3 Vulnerability assessments 

It must be emphasized that vulnerability is not easy either to define or to measure. 

Furthermore, the selection of variables to be included in a vulnerability analysis 

depends on the focus given to the research. Some variables related to vulnerability 

such as technological, economical and demographical ones are easier to measure and 

therefore straightforward analyses can be done. However, other societal variables are 

more difficult to conceptualize and assess, adding complexity to the definition of a 

measure of vulnerability (Wilhelmi & Wilhite 2002).  

For example, Wisner et al. (2003) advise in order to fully understand the impact of 

risky events for the development of vulnerability studies to include variables such as 

individuals’ class, occupation, caste, ethnicity, gender, health status, nature and extent 

of social networks. These variables are in line with the ones defined by Pandey & 

Bandhari (2009) in their definition of vulnerability, but they also take into 

consideration the income variable.  

Turner et al. (2003) developed a model to examine vulnerability considering some 

elements as essential factors for a proper analysis: exposure beyond the presence of a 

perturbation (including the way in which the system experiences hazard), sensitivity 

of the system, its capacity to respond or cope and its restructuring after the responses. 

Also, Coudouel et al. (2002) mention in their research some important qualitative 

aspects that help to complement the important aspects of vulnerability, which are: 

-  households’ participation in informal networks 

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

variations) 

-  people’s perceptions of their vulnerability and its determinants 

-  various strategies households put in place to reduce their vulnerability (i.e. 

selling assets, reducing consumption, changing labor supply)  

 

5.3.1 Quantitative measures 

Different opinions have been expressed with respect to the act of measuring 

vulnerability. Luers et al. (2003) state that it is complicated to do so because of the 
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lack of consensus on the exact meaning of the term, the complexity of the system 

being analyzed, and the fact that vulnerability is not a directly observable 

phenomenon. Moreover, a universal concept of vulnerability that aggregates various 

outcomes might not be possible because of the diverse measures of the different 

outcomes (Alwang et al. 2001).  

Even under these circumstances, different quantitative and semi-quantitative metrics 

have been proposed. For example, Luers et al. (2003) discuss some of the main ones 

like the use of indices to measure vulnerability to food insecurity and to climate 

change, which include variables of different thematic areas (i.e. environment, 

economy, society, human capital). Also, Makoka (2008) analyzes in his study the 

impact of drought on household’s vulnerability in Malawi by using panel data. His 

model defines vulnerability as expected poverty and uses consumption as a measure 

of household welfare. Coudouel et al. (2002) mention vulnerability profiles and 

regression analysis of changes in consumption over time and of movements in and out 

of poverty as an analytical tool to assess vulnerability. In their study it is stated that 

regressions can be used to assess the determinants of changes in income or poverty 

over time, defined according to various characteristics such as demographics and 

place of residence.  

Finally, Adepetu & Berthe (2007) developed a model of household vulnerability to 

drought and applied it to rural sahelian households in Mali and Nigeria. Their model 

starts off by stating that vulnerability is a function of the household’s exposure to 

droughts and the livelihoods assets available to the household that provide the 

capacity to cope with, recover from and adapt to drought and its impacts. Then, by 

means of household surveys, the respondents participated in a vulnerability ranking 

exercise in which they categorized themselves in three classes of vulnerability: very 

vulnerable, vulnerable and least vulnerable. Consequently, the authors performed a 

multivariate analysis to identify how the selected factors influenced the probability of 

a household being classified in one of the three levels of vulnerability (more 

information about this model is presented in Appendix I). 

All these methods are considered valuable in giving insight on the situation of 

vulnerability in different geographic regions over time. However, their quantitative 

aspect presents limitations as well. In many cases, extended panel data is necessary, 

and such information has the disadvantage of being expensive to retrieve and difficult 

to compare (i.e. it is hard to interview exactly the same households after several years). 



� �%�
�

Also, there is subjectivity involved in the selection of variables and their relative 

weights, and it is complicated to test or validate the different metrics (Luers et al.   

2003). Finally, the chosen variables might not express their meaning thoroughly. For 

example, costs of drought in agriculture are generally measured according to the 

production losses, but this only represents part of the overall economic cost. In rural 

areas agricultural production is considered a main source of income and employment, 

and a decrease in production could set off indirect effects through forward and 

backward linkages of agriculture with other sectors (Pandey 2007).  

 

5.3.2 Qualitative approaches  

With the increasing interest in trying to quantify vulnerability as a tool of planning 

and policy making, a debate has arisen on the correct balance between quantitative 

and qualitative data when studying vulnerability (Wisner et al. 2003). Dercon (2002) 

states that qualitative studies tend to provide more detailed understanding for a 

vulnerability analysis. Instead of just focusing on numerical data, qualitative 

assessments on focus on households’ responses and adaptation measures toward a 

specific shock. Nevertheless, the results of this kind of studies tend to be more 

difficult to aggregate and to compare across areas. Additionally, these studies have 

also the limitation of subjectivity in the selection of data. However, given the 

broadness and complexity of the concept of vulnerability, researchers tend to choose 

the indicators for studying vulnerability —even if subjectively— based on 

assumptions about the factors and processes leading to vulnerability, informed by 

literature review and intuitive understandings of human interactions (Brooks et al.   

2005). Instead of focusing only on specific determinants inherent to a particular 

circumstance, Brooks et al. (2005) recommend to focus on more ‘generic 

determinants’ which are most likely to influence vulnerability to a wide variety of 

hazards in different spatial and social contexts (i.e. poverty level, elements of 

governance, health). 

The different approaches in which vulnerability is assessed depend on the discipline 

in which the study is being carried out. Alwang et al. (2002) state that under the view 

of the branch of economics some of the frequent approaches that are used are poverty 

dynamics, asset-based and sustainable livelihoods. For this research, a qualitative 

analysis of vulnerability was performed by studying the livelihood assets within the 
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framework of the SLA. This approach is explained in detailed in the following 

subsection.   

5.4 The Sustainable Livelihoods Approach (SLA) 

The Department for International Development of the UK Government (DFID 1999) 

considers the livelihoods framework as a tool to improve the understanding of 

livelihoods, especially those of the poor. It was originally developed by the 

Sustainable Rural Livelihoods Advisory Committee, and built on early work by the 

Institute of Development Studies (IDS). Carney et al. (1999) compiled the different 

SLA’s implemented by development agencies such as DFID, CARE, Oxfam and 

UNDP. All of the agencies based their approaches on Chambers and Conway’s 

definition of livelihood:  

“A livelihood comprises the capabilities, assets, and activities required for a means 

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

stresses and shocks and maintain or enhance its capabilities and assets both now 

and in the future, while not undermining the natural resource base.” (Chambers & 

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

Ellis (2000) first states that the notion of ‘sustainable rural livelihoods’ is derived 

partly from ecological definitions of sustainability and partly from economic and social 

development preoccupations with poverty, vulnerability and food security. Also, he 

stresses the dynamic component of livelihoods: they respond to changing pressures and 

opportunities and they adapt accordingly.  

DFID considers the SLA as an approach to achieve poverty elimination instead than a 

goal in its own right. Furthermore, it emphasizes the important of capital assets. 

Figure 4 shows the SLA’s basic structure. Within this framework, there is a 

Vulnerability Context that encloses the environment in which people exist. People’s 

livelihoods and their availability of assets are affected by shocks and seasonality. 

Although not all shocks have negative impacts, the term of Vulnerability Context 

focuses on the set of influences that affects directly or indirectly the livelihoods of the 

poorest people. The livelihoods of poor people are stressed under this context because 

they are in general unable to cope with stresses, to manipulate their environment to 

reduce them, or even to benefit from them when possible, because they lack assets 
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and strong institutions to help them; therefore becoming increasingly vulnerable 

(DFID 1999).  

 

Figure 4. DFID Sustainable Livelihoods Framework 
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DFID promotes the SLA by encouraging direct support to assets and more effective 

functioning of the structures and processes that influence access to assets and to 

livelihood strategies for poor people. The main idea of such empowerment is that, by 

enabling access to assets, poor people will have better opportunities to influence 

structures and processes (Carney 1999).  

The Livelihood Guidance Sheets (DFID 1999) mention that when studying 

livelihoods, the focus can be done on any part of the framework, as long as the wider 

picture of the general framework is kept in mind. For example, rather than fully 

understanding all the dimensions involved under the Vulnerability Context, the 

objective should be to identify the trends, shocks and aspects of seasonality that are of 

particular importance to livelihoods. For the results of this research, the focus will be 

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

 

5.4.1 Asset-based approaches 

Various asset-based approaches have been suggested to identify vulnerable 

households (Alwang et al. 2001, Brooks et al. 2005, Christiaensen and Subbarao 2005, 
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Thornton et al. 2006). Generally, these approaches are based on the description of 

poverty as caused by inadequate access to tangible and intangible assets (Alwang et al.   

2001). The availability, access and affordability of different assets can define the 

vulnerability of a household (Pandey & Bandhari 2009). In this way, household assets 

could work as a tool for risk management.  

Moser (1998) considers that the notion of vulnerability is closely linked to asset 

ownership. In her research the author identifies the characteristics of urban poor 

households in terms of an asset vulnerability framework. However, not only does she 

describes the obstacles and opportunities of asset accumulation; she also shows the 

importance of asset management in household vulnerability to transform them into 

income, food, risk coping tools or other needs. The importance of Moser’s study relies 

in the fact that it deepens beyond the static measure of income-poverty when 

households are affected by an external shock. Instead, by implementing an asset 

framework it manages to capture complex external factors that affect the poor, as well 

as their response toward such events. 

The notion of asset accumulation has also been used for quantitative studies. For 

instance, Elbers & Gunning (2003) concluded in their quantitative study that the 

inclusion of asset measures in regression-based vulnerability measures significantly 

improved the accuracy of their model. 

 

5.4.2 Livelihood assets under the SLA  

The livelihoods approach aims to get an accurate understanding of people’s strengths 

(assets or capital endowments) and how they convert them into positive livelihood 

outcomes (DFID 1999). The approach is based on the idea that people require a range 

of assets to obtain positive livelihood outcomes, and that no single category of assets 

by itself is sufficient to yield all the livelihood outcomes that people look for. The 

combination of assets is what allows them to ensure a proper livelihood. This 

formulation goes in line with Moser’s view of assets as factors that comprise valuable 

insight regarding vulnerability proneness.   

This livelihood framework identifies five core assets categories or types of capital: 

human, physical, social, financial and natural capital. Although the term capital is 

used, not all the assets qualify as capital stocks in the strict economic sense. However, 

the term is used because it is the common designation among similar literature.  



� �� �
�

The SLA from DFID organizes the five assets in a pentagon that lies within the 

vulnerability context of the framework. This geometrical shape was developed to 

enable descriptive information about people’s assets to be presented visually and to 

represent the links between the various assets.  

 

Figure 5. The asset pentagon from the Sustainable Livelihoods Framework 
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As observed in Figure 5, all assets are linked in the center of the pentagon. This point 

represents zero access to assets while the outer perimeter represents the maximum 

access to assets. Based on this figure, different shaped pentagons can be sketched 

according to the availability of assets in different social groups. If an internal 

pentagon is drawn symbolizing the situation of a particular group, it gives a relative 

view of its asset endowment.  

Livelihood asset categories can be strongly linked within each other. For instance, 

high levels of natural capital (i.e. land ownership) could suggest a high level of 

financial capital. DFID states that in order to understand the complex relationships 

between assets, one must look beyond them and contextualize them into the structures 

and processes that transform these assets into livelihood outcomes (DFID 1999). The 

five assets or capital endowments included in the asset pentagon are described in 

detail in the Sustainable Livelihood Guidance Sheets (DFID 1999) and presented as 

follows: 
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i. Human capital: refers to the skills, knowledge, ability to work and good 

health that altogether enable people to pursue different livelihood strategies. 

At a household level, it is a factor of the amount of quality of labor available 

(varies according to household size, skill levels, health status). Human capital 

is considered very important because it is required to make use of any of the 

four other types of assets. For example, there is a close relationship between 

the way that knowledge is generated and transmitted and social capital.  

ii.  Physical capital: comprises the basic infrastructure and produced goods 

needed to support livelihoods. Examples of physical capital that maintain a SL 

are transport, shelter, water supply and sanitation, energy, and access to 

information. For example, infrastructure such as roads and 

telecommunications are key factors to the integration of the remote areas 

where many of the poor live. It allows them to move between rural and urban 

areas and also to have better information about available opportunities in 

diverse areas (possible migrations).  

iii.  Social capital: refers to the social resources upon which people draw in 

pursuit of their livelihoods objectives. It is obtained through networks and 

connectedness, membership of formal groups and relationships of trust, 

reciprocity and exchanges that may provide the basis for informal safety nets 

amongst the poor. Social capital can enhance the access and management of 

other types of capital. For instance, it can improve the efficiency of economic 

relations and facilitate dissemination of knowledge. 

iv. Financial capital: refers to the financial resources of households to achieve 

their livelihood objectives. It includes flows and stocks and contributes to 

production as well as consumption. It refers to the availability of cash or 

equivalent. The two main sources are available stocks (i.e. savings, livestock, 

and jewelry) and regular inflows of money (i.e. pensions, remittances, 

transfers). 

v. Natural capital: � refers to the natural resource stocks from which resource 

flows and services useful for livelihoods are derived. There is a wide variation, 

from intangible public goods (i.e. biodiversity) to divisible assets used for 

production (i.e. land). This type of capital is very important for those who 

derive their livelihoods from resource-based activities (farming, fishing, 
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mining, etc). However, it goes beyond this aspect by being a determinant of 

overall well being (health, survival, etc).� 

 

As with other approaches, the study of livelihoods assets within the SLA has its 

drawbacks. Although SLA can be conceptually strong and very descriptive, there are 

not many empirical applications available in the literature. Furthermore, there is not 

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

 

5.4.3 Incorporation of vulnerability benchmark into the SLA  

In general, the poor and near-poor people (with respect to a poverty line measure) 

tend to be the most vulnerable because of their limited access to assets and abilities to 

respond to external shocks (Alwang et al. 2002). In some cases, the fact that richer 

people accumulate more goods means that they are prone to lose a higher share of 

their wealth to natural disasters than poor people are. However, in general wealthier 

households deal with income shocks relatively well. Hence, they are better-off than 

poor households in the overall context of natural disasters.  

Alwang et al. (2001) support the idea that the poor are the most vulnerable with some 

statements: 

- They are often more exposed to risky events such as natural disasters because 

of their location 

- They have less access to assets that can be used to manage risk 

- They are less likely to be able to call on social capital claims  

- They are less likely to receive social services following a disaster because they 

tend to be politically neglected   

- When vulnerability is defined with respect to an outcome (to increased poverty, 

for instance), then the poor are more vulnerable because they are closer to or 

already below the threshold 

- They are more likely to bear the burden of human costs associated with risks  

 

In order for the term of vulnerability to be useful and measurable, it has to be defined 

as vulnerability to a measurable loss below a minimum benchmark. Without this, the 

concept becomes too imprecise for practical use. One could generalize that the most 

vulnerable people are the poor ones, but as Moser states,  
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“Although poor people are usually among the most vulnerable, not all vulnerable 

people are poor.” (Moser 1998, p. 3)  
 

In their simple approach, Pandey & Bandhari (2009) identify vulnerable households 

using an income cut-off level. To link it with poverty, they set the threshold arbitrarily 

at 20% above the poverty line. Nevertheless, in the ends this only represents an 

upward shift of the poverty line. Households whose incomes are below this level were 

defined as vulnerable.  This approach concurs with Moser’s idea that there is a group 

of vulnerable people that does not necessarily belong to the poor.  

 

For the development of the case study of Tra Vinh, a vulnerability assessment was 

developed using the livelihoods assets approach of the SLA, together with a 

vulnerability benchmark based on the one implemented by Pandey & Bandhari (2009). 

Also, a regression analysis to study the possible determinants of damage costs caused 

by droughts was carried out using the model of Adepetu and Berthe (2007) as an 

example to select the explanatory variables for the research model. The outcome of 

the analysis is extensively detailed in upcoming sections.  
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This section will explain the methodology that was used in this research. As it was 

mentioned in Section 4, the UNU-EHS has been working on projects related to 

groundwater management in countries that are vulnerable to droughts. For the case of 

Vietnam, they worked in joint collaboration with the MDI in Can Tho University.   

In September 2009 staff from the MDI carried out a household survey questionnaire 

related to the vulnerability to groundwater use and management in the communes of 

My Long Bac and Long Son in Tra Vinh province. A total of 241 households were 

interviewed, of which 120 were located in My Long Bac and 121 in Long Son. 

However, two observations from Long Son were left out from the study since 

information was incomplete for both households.   

The questionnaires included different kinds of information related to the family 

profile, the household income, access to drought forecasts and institutional provisions, 

coping and adaptation measures, use of groundwater in the area, and households’ 

perceptions of droughts. This questionnaire can be found in Appendix 2. With this 

information, the asset pentagon of the SLA was used as a descriptive tool to show the 

weighting of each of the core assets for various selected groups. As mentioned in the 

previous section, the criteria that was used to define a vulnerability threshold was 

based on Pandey & Bandhari’s study (2009), in which the benchmark was set at 20% 

above the poverty line. The latest update made by the Government to the poverty line 

of Vietnam was done in 2006, and transformed to 2008 prices it was defined as 

3.480.000 VND/capita/year for the rural areas (GSO 2008), which is the equivalent of 

182 USD2. Hence, the benchmark considered for vulnerability measure for the asset 

pentagon analysis is of 4.176.000 VND/capita/year (or 219 USD). If the income level 

per capita is higher than this value, then the household is considered as non-

vulnerable, whereas if it is equal or below this value, it is considered a vulnerable 

household.  

As for the model that was used as a reference for the selection of variables for the 

Heckman test in Section 9, it was based on Adepetu and Berthe’s model (2007) on 

household vulnerability. However, data obtained from the surveys performed in Tra 

Vinh do not provide information on categories of vulnerability in which households 
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are grouped, as they are aggregated in their model. Therefore, aggregated damage cost 

due to droughts over the past 5 years was used as the indicator of drought 

vulnerability. By developing a regression and correcting for sample selection bias 

through the Heckman model, Section 9 explains the results of the regression of similar 

variables as the ones in Adepetu and Berthe’s model in the overall damage costs of 

the period 2004-2009.  
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The results of the survey conducted in Long Son and My Long Bac are organized in 6 

subsections: general information and characteristics of households; composition of 

households’ income; impacts of droughts on income and activities; access to 

information and assistance during drought periods; coping and adaptation mechanisms; 

and local perceptions of drought occurrence and water access. In general, the 

information is assessed by comparing the data results of the two main categories that 

were established —vulnerable and non vulnerable households— as a way to 

determine if there are specific traits and descriptions inherent to each of the groups. 

However, part of the information is also analyzed under an aggregated approach of all 

the responses from the sample.   

7.1 General household information and characteristics 

To start the analysis, households were classified between vulnerable and non 

vulnerable ones according to the benchmark based on Pandey & Bandhari’s study 

(2009), as it was previously stated in the methodology.  Table 3 shows this division 

among households per commune. In My Long Bac, 29 households are vulnerable, 

which represent 24% of the households that were interviewed in this commune. For 

the case of Long Son there are 34 vulnerable households, representing 29% of the 

total surveyed households of the commune. Consequently, around one fourth of the 

total sample is composed of vulnerable households (26%). With respect to the gender 

of the family head, male figures predominate among the sample: in both communes 

around 82% of the households’ heads are men.  

 

Table 3. Number of households according to vulnerability  
level, gender of household head and commune 
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Some of the general characteristics of the households by vulnerability group are 

presented in Table 4. Both types of households have on average between 4-5 members 

in their family. The average age of the household head in both groups is near to 50 

years (53 for vulnerable and 50 for non vulnerable households). As for the education 

level of the household head, the average years of schooling in the two groups is 

significantly low, implying that most of them did not —or barely— finished 

elementary school. Despite this low level, the average years of schooling for the head 

of non vulnerable households is indeed higher (6.23 years) 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 income of the households. The average 

net income per household for the vulnerable group is of 180 USD, representing only a 

6% of the average net income perceived by non vulnerable households. In terms of 

income per capita, vulnerable people live on average with 43 USD per year, whereas 

non vulnerable people perceive the significant higher amount of 2818 USD per year 

on average. It is worth mentioning that, with respect to the category of land ownership, 

there is no significant difference between the average size of land owned by 

vulnerable and non vulnerable households. This suggests that natural assets such as 

land might not be useful for the determination of vulnerability of households in Cau 

Ngang, given the hardly noticeable difference among the two groups. 

Under vulnerable contexts, memberships play a very important role for the household 

members. Besides the fact that they create a sense of belonging for the inhabitants, 
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they act as critical safety nets in difficult times (i.e. as formal/ informal credit 

mechanisms). Moser (1998) even states that the extent to which a community can be 

considered itself as an asset to reduce vulnerability depends on its stock of social 

capital. Although information of social networks should be considered when 

developing programs to target vulnerability, one should not take for granted that the 

membership to a network is a direct proof of an insurance mechanism (Dercon 2002). 

By studying the memberships of the household heads, it is observed that non 

vulnerable households have a slightly higher average number of memberships 

compared to vulnerable households.   

Another key asset to assess household vulnerability is the proximity of the house to a 

commune center or to a main road. With better access to commune centers, families 

have more opportunities to engage in markets where they can trade their goods and 

services incurring in lower transport costs. Also, proximity to other households helps 

them to develop and reinforce social networks such as farmer associations and women 

unions, which could act as useful resources during harsh times. Furthermore, 

proximity of the household to a road facilitates provisional 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 households in Cau Ngang according to their 

vulnerability level and to their proximity to a road or commune center. It can be 

observed that for both groups, most of the houses are located close to a local road 

(39% of non vulnerable households and 37% of vulnerable ones).  
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According to the SLA, the lack of certain types of infrastructure is linked to poverty 

levels and thus to vulnerability. If households do not have adequate access to water 

and energy, human quality decreases (DFID 1999). Figure 7 illustrates the ownership 

of physical assets by vulnerability group. For instance, 37% of vulnerable households 

own at least one pig cage, against 33% of non vulnerable ones. This is the only 

category in which the share of non vulnerable households with access to the asset was 

lower than the share of the vulnerable group; for the rest of them, non vulnerable 

households have a higher percentage of access to every asset. More than half of the 

households have access to a motorcycle, a TV and an electric pump.  

�

Figure 7.  Share of asset ownership according  
to household vulnerability level 
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Assets for water supply and storage are presented separately from the rest of the assets 

given the importance of this natural resource in the case study. Figure 8 shows that the 

two most selected assets as important mechanisms for water supply and storage are 

deep wells (chosen by 52% of all households) and small water containers (chosen by 

49% of all households. According to Sanh (2010), water storage is a major activity of 

local people in Cau Ngang to cope with drought and in general with the dry season. 

This fact might explain the high percentage of both vulnerable (76%) and non 

vulnerable (72%) households that own at least one small water container. An 

interesting result is that only 8% of the total sample has access to tap water, therefore 

it is not considered a priority supply source as it is in urban areas of the country.  
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Figure 8. Ownership of water-related assets according  
to household vulnerability level 
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In Long Son and My Long Bac communes, groundwater is the main source of water 

for diverse purposes (i.e. irrigation and domestic consumption). From the surveyed 

households, 85% owned at least one deep well, represented by 29 vulnerable 

households and 78 non vulnerable ones (Table 5). Also, the maximum number of deep 

wells owned by a vulnerable household was of 3, whereas in the non vulnerable group 

there were households with up to 5 deep wells. As for the financial means to purchase 

or construct the deep wells, a total of 88% of the respondents reported to use their 

savings, followed by public loans as the second main financial source (7%), and 

money from relatives (2%). 

 

Table 5. Number of households who own a deep wells per  
vulnerability group and amount of wells 
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In Table 6 it can be seen that as households increase their deep well ownership from 1 

to 3 wells per household, the average land for agriculture and aquaculture for those 

groups also increases. This suggests that households tend to augment their number of 

wells when they have bigger properties to irrigate.  

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

In the survey, household respondents were asked to state their sources of income by 

type of activity. The shares of income derived from the 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 63 vulnerable households, 70% comes 

from on farm activities. The second main source of income for this group corresponds 

to non-farm activities. For non vulnerable households the share of income derived 
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from on-farm activities is also the strongest one, but is lower than the first group 

(65%). However, non-farm activities do have a bigger share of total gross income of 

non vulnerable households (31%) than they do on the vulnerable group (23%). 

Pensions, relief and money from relatives represent a very small share for both groups 

(between 1-2%).  

 
Figure 10. Structure of on-farm gross income per type  

of household according to farming activity 
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Figure 10 shows the share of each of the 5 possible farming activities carried out by 

the households from the survey. In can be observed that on-farm income of vulnerable 

households is mainly attributed to rice crops (45%), while for the non vulnerable 

group the activity with the highest share of gross income is the production of fruits 

and vegetables. Poultry has the smallest share of income for both groups, and 

aquaculture activity creates a higher share of income for non vulnerable households 

(11%) than it does for vulnerable ones (6%).  

When the households were asked to state what was the share of importance of on-

farm income ten years ago (1999), 67% of them replied that on-farm activities created 

80% or more of their total gross income. Nowadays, only 54% attribute 80% or more 

of their income as a result of this type of activity. This suggests that income 

diversification has taken place over the past ten years, by farmers gradually switching 

from on-farm activities to aquaculture and off-farm activities.  
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7.3 Impacts of drought on income and activities 

When asked about drought occurrence, 75% of the households from the sample stated 

to have undergone at least one. As for directs impacts from drought perceived by local 

people, they ranked as first the negative effect of drought on rice yields and 

production. The second most frequent outcome perceived after drought are the direct 

damages of other crops (19%), followed by the decrease in productivity of crops 

(10%). Figure 11 exemplifies the main impacts according 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 due to normal and severe droughts 

within the past five years (2004-2009), the reported aggregated estimate was of nearly 

70 000 USD (1.3 billion VND). These costs include crop damage, livestock casualties 

and human health problems.  From this number, almost 86% were damages reported 

by non vulnerable households. Out of the 239 households, only 181 reported their 

damage costs (76% of the people). Using this information, the average loss per 

vulnerable household that responded is of 216 USD whereas the average loss per non 

vulnerable household is of 439 USD, almost twice as the vulnerable average loss.  

The relative impact of drought damage is notoriously higher for vulnerable 

households: considering that the annual income per vulnerable household is of 216 

USD, the economic damages caused by droughts represent a 119% of their yearly 
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income. For the case of non vulnerable households, the average damage of 439 USD 

represents a 15% of their average annual income.  

Over the past years, some households have shifted from one on-farm activity to 

another one thanks to infrastructure and technology improvements. From all 

households, 35% mention that they shifted from a single rice crop to a double rice 

crop per year, mainly because of the construction of dyke systems and due to the 

improvement of canal systems. Therefore, access to fresh water is better and salinity 

intrusion is avoided, enhancing rice production.  

Also, 31% of the sample reported to have switched from single rice crops to vegetable 

crops. The main reason for this variation was the construction of deep wells in the 

households. Finally, the third most common shift is from traditional rice to high 

yielding rice, performed by 31% of the households. Switch to rice-shrimp systems 

occurred for 17% of households, but changes to a mono-shrimp culture or fish raising 

were not that frequent.   

7.4 Access to information and assistance during drought periods 

When local people were asked if they had access to drought forecast information, 

96% of the households replied positively, with 26% of these responses corresponding 

to vulnerable households. The main sources for accessing 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 forecasts through televisions (85% of the 

sample). The second most frequent source for forecast information are neighbors 

(27% of all households). This type of social capital stresses the importance of 

networking and connectedness among households in the district. The dissemination of 

information through informal conversations shows to be a much stronger asset than 

other mechanisms such broadcasting systems and use of radios.   

After receiving drought information, families react by implementing ex-ante coping 

mechanisms. The most frequent mechanisms are to adjust the seasonal calendar (47% 

of the households chose this option), prepare the water equipments (30%) and change 

their type of crops or livestock (17%). The option of migration for diversification of 

activities was only selected by 2% of the households with access to information. It can 

be inferred that households in both communes experiment with other coping 

mechanisms before deciding to migrate to a nearby place for income diversification.  

According to the interviewees, the most frequently mentioned source to obtain 

information about previous drought and related experiences is the television (52%). 

Also, information given by the office of the Central Committee for Flood and Storm 

Control (CFSC) of the commune and conversations with friends are considered 

important sources when learning about drought-related events (31% and 18% 

respectively).  

Informational sources are not the only ones accessed by people in Long Son and My 

Long Bac. When asked if they accessed financial sources during the drought season, 

96% of them responded affirmatively. Both vulnerable and non vulnerable households 

turn to banks as their main source of financial aid (around 45%), to relatives (around 

12%), and to sources such as moneylenders and neighbors.  

7.5 Coping and adaptation mechanisms 

In order to diminish the negative impacts of droughts, local people tend to adjust their 

consumption and production patters as a way to cope with possible damage. Migration 

is also a common response of farmers when they need to diversify their incomes due 

to losses in agricultural production. However, the sample results show that migration 

during times of drought is not a common coping mechanism among the inhabitants of 

Cau Ngang: only 10 out of 239 household respondents had temporarily left their 

houses because of droughts.  
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With respect to other methods that local people use to cope with droughts, 61% of 

them consider saving water for times of drought as the most frequently applied 

mechanism. Other coping methods are presented in Table 7. 

 
Table 7. Implementation of coping mechanisms 
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Adaptation measures are also implemented in both communes. Gordon et al. (2001) 

state that household coping strategies address short term objective, while adaptive 

livelihood strategies focus more on long-term objectives. The most common adaptive 

resource among surveyed households is the construction of deep wells as new sources 

for groundwater extraction (82%). Also, constructing or buying water containers is a 

common mechanism of adaptation among households of the sample (41%). The 

construction of concrete wells and the use of tap water work, to a lesser extent, as 

adaptive mechanisms to drought occurrence.   

One of the limitations of the survey is that by giving alternatives of coping and 

adaptation measures for household respondents to choose, they do not include 

information with respect to coping strategies for consumption smoothing such as asset 

liquidation and consumption loans. Moreover, no information is available on the 

change in patterns of food consumption, mortgage of land and permanent migrations.  

7.6 Local perceptions and expectations of drought occurrence and water access 

The survey included a section of questions regarding the perception of local people 

towards the current state of drought with respect to previous years. Also, they asked 

the interviewees about their expectations of drought occurrence in the future. 

Groundwater availability and quality was also assessed according to the opinion of 

respondents.  

As for current state of droughts with respect to previous years, 28% of the households 

consider that droughts are now starting earlier and lasting longer. Alternatively, 18% 

of households consider that they are starting later on but indeed are lasting longer. In 
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total, almost half of the households consider that drought periods have extended with 

respect to previous years. In relation with their future expectations on drought 

behavior, 44% of the respondents expect droughts to start earlier, and 43% expect 

droughts to be longer.  

Drought incidence has an impact in agriculture and aquaculture activities performed 

by local people. For both vulnerability groups, rice and vegetables were the two main 

crops that interviewees considered the most affected by droughts. More than half of 

the vulnerable households consider rice as the most affected crop (53%). This could 

be an indicator of the actual vulnerability level of the first group: their main on-farm 

income source comes from rice crops, and the main damage from droughts is also 

perceived in this activity by more than half of the households.    

Lastly, when individuals were asked the kind of response they would have if droughts 

get more serious in the future; the options that received the biggest support were that 

they still would not consider migration (44%), and that they would switch to different 

crops (31%).   

 

7.6.1 Groundwater characteristics 

With respect to groundwater in the two communes, household members were asked to 

respond some questions related to access to groundwater, changes in quality and 

quantity perceived over the past years, and their perception of the future of 

groundwater use in the province.  

Figure 13 illustrates the perception of inhabitants of Long Son and My Long Bac with 

respect to groundwater availability now and 5 years ago. In total, 42% of the 

households consider that there has been a decrease of groundwater in the past years. 

Interestingly enough, the same share of households have not perceived any kind of 

change in groundwater quantity. Only 7% of the interviewees consider that 

groundwater has suffered from a very serious (or serious) decrease.  

The fact that almost two fifths of the sample does not perceive any change in 

groundwater supply gives space for different ideas to arise. First, if households do not 

perceive a decrease in groundwater levels —even if there is one— it is more difficult 

to raise awareness on the importance of limiting the extraction of  groundwater. By 

using groundwater as a non-depletable resource, especially for irrigation purposes, the 

rate of depletion will increase and the inhabitants of Cau Ngang district might have to 

face a very serious problem of water scarcity. 
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Figure 13.  Perception of current groundwater  
availability with respect to year 2004 
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Second, according to the available information on groundwater in Tra Vinh, there are 

no precise studies on the actual levels of groundwater sources that are still available in 

the province. Up to this moment there is no proof that actually depletion of 

groundwater is occurring at a higher rate than the one of the resource renewability.  

Therefore, not perceiving a change could suggest that groundwater depletion might 

not be a serious concern in the province at least for the near future. To address this 

concern, further studies on groundwater levels in the province should be developed to 

have accurate information of the actual supply of water underground. Still, the 

argument of groundwater depletion as a concern in the medium run is challenged by 

the idea that there is still a 42% of the households that do perceive a decrease in 

groundwater supply nowadays.  

With respect to water quality, 75% of the population has not perceived any change in 

groundwater quality against a 17% that considers that the resource quality has 

worsened. Regardless of the current perceptions, when asked about future 

expectations of groundwater supply, 49% of non vulnerable households consider that 

it is going to decrease at a rapid pace, in line with 41% of vulnerable households 

expecting the same result (Figure 14). A total depletion of groundwater is the 

perception of 10% of vulnerable households, and even a higher part of non vulnerable 

ones share this expectation (15%).  
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Figure 14.  Perception of expected changes on 
groundwater quantity in the future 
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If groundwater would reach a point where it seriously decreases, 48% of households 

would then dig even more deep wells to fulfill their water supply needs, 32% would 

use stored rainwater for various purposes, and 26% would probably appeal to public 

water suppliers.  

As for the behavior of water quality in the future, 75% of the households think that 

there will not be a significant change, 17% think that quality levels of groundwater 

will be lower than now and 5% actually consider that water quality will improve. If 

there comes a point when water quality seriously decreases, 31% of the households 

state that they would use rain water as an alternative, 23% would decrease the use of it, 

and 18% would totally stop using it.  

 By the end of the survey, individuals were asked to choose and state what they 

considered the main activities for protection of the groundwater resource. In Figure 15 

the different suggested mechanisms are organized according to the ranking order by 

amount of households that selected them. 

The activity that ranked as the first is the application of water saving measures. 

Secondly, local people suggested the increase in usage of other water sources 

(probably rain water and tap water). Finally, three options had the support of 21% of 

the households, these being: increasing water access through groundwater suppliers, 

limiting the construction of deep wells, and finally shifting to crops that have low 

water requirements for their development. 
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Figure 15. Mechanisms to protect the groundwater resource 
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From these results it can be derived that households in the samples do not consider as 

a priority alternative to decrease the construction of deep wells. Therefore, the results 

suggest that the current trend of building deep wells in a disproportionate way as a 

main source for groundwater access will continue to happen unless the government 

reinforces groundwater regulation.  
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This section will present the outcome of the research analysis that was developed 

based on the methodology explained in Section 6. These results, along with Sections 7 

and 9 try to answer the research question and sub-questions that were defined in the 

beginning of the research.  

8.1 Asset pentagons of the SLA 

In total, the five categories of assets (human, social, physical, financial and natural) 

enclose 13 variables. The full description of the categories and variables is organized 

in a matrix presented in Table 8.    

 
Table 8. SLA matrix: variables included in the asset pentagon analysis 
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The “control group” is defined as the group that has perfect access to all assets: this 

means that it represents a household that achieved all the maximum possible values of 

each variable. Under the SLA, it is represented by a 5 equal-sided pentagon. The sides 

of the pentagon are defined according to each of the values of the 13 variables at stake 

as well as the weight that is given to every one of them.  

For the purpose of this analysis, each of the capital categories (i.e. physical, human) 

was assigned a maximum of 10 units of value. Therefore, the group with perfect 

access to all assets has a perimeter of 50 units. These units are merely used for 

comparative purposes and have no economic or monetary value. 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 variables are given the same weight, except for 

the case of physical capital. For this one, access to drought and relief information 

were given the same weight (1.18); house location, water related assets and transport, 

energy and information assets were given a weight of 1.76 (50% more than the first 

ones) and finally the number of deep wells for groundwater use was given the highest 

weight: 2.35 (doubling the importance of the information variables). These weights 

were subjectively chosen under the basis that Tra Vinh is a groundwater-dependent 

province. Specifically, in Long Son and My Long Bac, groundwater is the main water 

source for agricultural production and domestic use (Sanh 2010). Consequently, one 

might suggest that the more deep wells per household the better their possibility of 
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achieving a more sustainable livelihood by directly accessing water; despite the fact 

of being more distant to a road or commune center or despite not having access to 

drought information. Ultimately, using the pentagon approach in this way is 

necessarily representative, as the DFID suggests (1999). There is no real suggestion of 

a way to quantify assets or to develop a common currency to directly compare all the 

variables, especially because of the uniqueness of each of them. Nonetheless, in this 

study access to water, for instance, is set above access to relief information in the 

sense that, under sufficient water supply, relief information would not be necessarily 

needed.   

As mentioned before, the control group represents all maximum possible that the 

variables can have. The description of the group is defined as follows in Table 9:  

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

The control group was used as a base to develop the asset pentagons. However, given 

that the value of its perimeter is significantly larger than the results from the selected 

groups, it was removed from their graphs to facilitate the visualization of them. 

Ultimately, the comparison is done within groups of analysis, and since all of them are 

based on the control group, it is implicitly present. Therefore, the perimeter of the 

pentagons to be presented is not the one of the control group, but a smaller 

proportionate version of it. 

 

8.2.1 Kinh vs. Khmer ethnicity 

A priori there is not information that might suggest a difference between the results of 

the two major ethnic groups of Tra Vinh. However, it is known that the Kinh are 

usually farmers that live along the main canals or rivers of the commune, while the 

Khmer tend to occupy the sandy banks and isolated rural areas (Sanh 2010).  

The results show that the pentagon of the Khmer group is inside the one of the Kinh, 

indicating that in all aspects the group conformed by households of Kinh ethnicity are 

relatively better off than the Khmer. Only the value for natural capital is equal for 

both groups, as observed in Figure 17. The most detectable difference is the one in 

human capital, with the Kinh ethnic group being notably 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 lower in the physical capital category. 

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

isolated areas (the variable of house location is included in the physical capital 

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

difficult. Therefore, infrastructure to facilitate the access from rural areas to main 

roads might increase not only their physical capital, but also the social capital by 

being better connected to the community, and their financial one by accessing a new 

market for their agricultural production, in case they have any.  

 

8.2.2 Male household head vs. female household head 

Figure 18 depicts the obtained pentagons when the group of households with a male 

family head is compared with the households that have a woman as a family head. In 

general, women and children tend to be considered as more vulnerable beings than 

men. Nevertheless, this statement is not backed up by the results obtained under the 

SLA asset pentagon. The access of both groups to the five categories of assets is 

similar, but in terms of financial assets, households with 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 have been analyzed, a slightly bigger 

difference is perceived in the human capital type. It is probable that the difference is 

explained by the fact that in general women tend to have a lower average years of 

study than men. As for the rest of the variables, the differences are negligible or even 

zero. It can be concluded that in terms of the study, the fact that a woman is the head 

of the household does not reveal a noteworthy difference in the access to assets, and 

consequently in the possibility of achieving a more sustainable livelihood.  

 

8.2.3 Occupation of household head  

The last groups that are assessed are classified according to the occupation of the head 

of the family. The idea of using this arrangement is to determine if being a farmer 

implies better results than the aggregate of the other possible occupations (these being: 

officer, retailer, worker, resource exploiter, and wage labor). Retired people as well as 

the category of other were not included.  

The limitation of analyzing each of the occupations as a different group instead of 

farmers vs. the rest of occupations relies in the fact that proper weight is not given to 

each of them. For instance, in the database only one household head declared to be 

retailer, and the same is the case for the resource exploiter. Therefore, Figure 19 

compares farmers with the aggregate of the rest of the occupations for household 

heads. The farmers group was chosen as an individual occupation because it is the 

most common one among household heads in the survey (81%). As for the remaining 

occupations, all of them are represented by a share of less than 10%.   

In Figure 19 the results show that the pentagon of the farmers group is surrounding 

the pentagon of the other activities of the household head in all assets. Although this 

second pentagon does not indicate a precise occupation but more an aggregated 

average of the measurements of all of them, it allows the reader to compare the main 

occupation among household heads in the survey against the aggregate information of 

the occupations of the other household heads. 
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Figure 19. Asset pentagon for farmers and aggregate  

value for other occupations of head of household 
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On average, the other occupations have a considerably lower value on social, human 

and natural capital than the farmers by themselves have. The higher natural capital is 

easily explained by the fact that generally farmers tend to have more land for their 

agricultural purposes, which is reflected in higher natural assets. Wage laborers or 

retailers for instance, could have only land for residential purposes, giving them a 

higher value in this category. As for physical and financial capital, no exceptional 

difference is observed.  

8.3 Pitfalls of the analysis  

One of the main constraints about the asset analysis under the SLA is that the survey 

carried out by the staff of MDI does not have available data of health status of the 

household members. This represents a limitation because none of the variables chosen 

for the human capital category deal with health indicators. Quality of health of an 

individual has a direct impact on his/her laboring skills, capacity to learn and 

leadership potential; hence, it is an aspect that cannot be left aside when studying 

sustainable livelihoods and vulnerability levels.  

Another restriction in the study is that it is difficult to determine the direction of the 

impact of some variables that are part of the asset pentagon framework. For instance, 

in the study it has been suggested that the more number of memberships a household 

has, the closer it is to achieve a more sustainable livelihood. However, as stated in 
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DFID (1999), groups with overlapping memberships can be particularly problematic 

when one person with a particular social profile is excluded from another group. 

Measuring social capital by counting the number of memberships is probably not 

going to result in an accurate measure of social capital. Instead, further research 

should be done in the group nature, quality and aide facilities. The same limitation 

occurs with education indicators, among many other ones used in livelihood 

assessments. It is easy to determine the amount of time a person has spent in school, 

but assessing the quality of those years requires detailed observation.  
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A regression analysis was implemented in order to analyze some of the key factors 

that might have an incidence on the damage costs due to droughts. Respondents from 

the household survey were asked to state the aggregated damage costs of normal and 

severe droughts of the last five years (period 2004-2009). However, some of them did 

not report any damage. By estimating the coefficients through the OLS method using 

a non-random sample of population (in this case only the respondents to damage 

costs), one might incur in sample selection bias. Therefore, the Heckman selection 

model was implemented to test for evidence of sample selection and, if existent, to 

correct it.  

9.1 Sample selection test 

When a sample is selected in a non-random way, all participants of the population are 

not equally balanced or objectively represented in the statistical analysis. As a result, 

sample selection bias can emerge. The analysis of sample selection bias allows in 

some occasions to estimate the variables that lead to the specification error when they 

are not taken into account in the regression analysis. The estimated values of these 

omitted variables can be used as regressors in the original model in order to estimate 

the functions of interest.  

For the case study of Tra Vinh, out of 239 only 183 interviewees reported damage 

costs due to droughts. In view of the fact that people that did report damage might 

represent a non-random selection from the total sample, estimating the determinants 

of damage costs from this subpopulation could result in selection bias.  

The reason why some interviewees did not report any damage is unknown. It is 

hypothesized that people with less education levels might have a more difficult time 

in quantifying the perceived damage. At the same time, there are households that 

carry out activities such as crop production and livestock breeding only as a way of 

self-subsistence. As a result, they may ignore the monetary value of the assets they 

have lost simply because they do not use the market as a trading place for their goods.  
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9.2 Model description 

For the research the linear model to describe the damage costs due to droughts is 

stated as follows:  

iii xy 11
'
1

* eb +=     (1) 

 

where *
iy  denotes person i’s aggregated damage costs due to droughts over the past 5 

years (in USD), ix denotes a vector of exogenous characteristics and ie  denotes the 

error term. The vector '1ix  in equation (1) is composed of 18 explanatory variables 

which are presented afterwards in Table 5.  

To determine if there is sample bias, a model for the probability of reporting a damage 

cost should be formulated. It is stated that  

 

1,* == iii hyy   if   0* ³ih  

iy not observed, 0=ih   if  0* <ih  

 

where *
iy  denotes person i’s damage costs which cannot be observed for people who 

did not report it (hence the *);iy  denotes person i´s actual damage cost and and ih  

indicates the report ( 1=ih ;� or not ( 0=ih ;� of damage costs of droughts. To describe 

whether a person reported damage costs of droughts or not, the proposed model is a 

probit regression of the binary choice type:  

iii xh 22
'
2

* eb +=     (2) 

The vector '
2ix �is composed of the same explanatory variables of equation (1), but 

includes 2 more variables also mentioned in Table 5.  

 

9.2.1 Selection of variables for the model  

The explanatory variables from equation (1) were selected by using the model of 

drought vulnerability of Adepetu & Berthe (2007) as a reference. Almost all variables 

are either the same as the ones used in their model or comparable but with some 

variations (e.g. “ratio of farming land area/total land area per household” instead of 

“size of house landholdings”).  
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For instance, Adepetu & Berthe (2007) include “total household income” as one of 

the explanatory variables to assess the effect of total income in the degree of 

vulnerability to droughts. Yet, for the specific damage costs reported in the this study 

(mainly monetary costs perceived on agricultural and aquaculture activities), it was 

more suitable to use the variable  “ratio of income from on farm activities with respect 

to the total income from the household”. “Total household income” might not be the 

most accurate explanatory variable of damage costs considering that the specific 

damages being studied are related to farming activities. One would expect that the 

higher the dependence of the household income to farming activities, the more 

damage the household would perceive during times of drought. Therefore, the “ratio 

of on income of on-farm activities with respect to total income” was preferred.  

In addition to these set of variables, some other variables related to water sources and 

availability were included in the model. Given that the surveys developed by MDI 

staff dealt with this information, it was considered useful to study the incidence of this 

data in the explanation of damage costs of droughts.  

The two variables that were chosen for the selection equation are schoolrespon and 

agerespond (see Table 10 for description).They were selected as explanatory ones for 

the (lack of) response of aggregated damage costs under the following criteria. First, it 

is assumed that the more academic years the respondent of the survey has followed, 

the easier it would be for the individual to quantify and state the perceived damage 

costs due to droughts. The second assumption is that the older the respondent is, the 

more experience he/she might have had with respect to drought occurrence and its 

consequences. In this way, it would be simpler for an older person to recognize 

damages from droughts as well as to quantify them.  

Table 10 below shows the summary statistics for the variables used in both equations 

of the Heckman model.  
 

Table 10. Summary statistics a,b/ 
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As Table 10 illustrates, the average aggregated damage cost of the respondents was of 

380 USD. Only two households reported that they had no damage at all (min = 0) 

whereas the maximum perceived damage cost was of 8379 USD.  

The average size of the household is of 4.5 persons, and  80 % the households are 

above the poverty line (economgr) established by the Vietnamese government. Also, 

more than three quarters of the interviewees reported that their house is located close 

to a road or commune center (houselocat mean= 0.76).  

From the three available financial sources to access during droughts, households 

report on average access to one of them (finansourc mean=1.10). Similar is the case 

for reachable institutions in times of drought: out of seven accessible institutions, 

households approach less than two of them (accessinst mean=1.92). As for drought 
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and relief information, almost all households have access to them (96% and 93%, 

respectively).  

The variable ratiofarminc has a mean of 0.68. This implies that on average, the 

respondents obtain 68 percent of their total income from farming activities. At the 

same time, the variable ratiofarmlan indicates that on average, the respondents devote 

around 86 percent of their lands to agriculture and aquaculture. 

With respect to the water-related variables, the average number of deep wells per 

household is of 1.4 out of a maximum of 5. Only 8 percent of the households have 

access to tap water and 75 percent of households have at least one water storage 

facility.  

Finally, the two variables chosen for the selection model are described. With respect 

to the age of the respondent of the survey � which in 94 percent of the cases is the 

head of the household)�  the mean is around 50 years, with the minimum value of 27 

years and a maximum of 92. In terms of years of schooling of the respondent, the 

mean ranks lower than half of the maximum years of schooling which are 16 

(schoolrespon mean= 5.77). This value shows that the average schooling corresponds 

to a primary school level.  

9.3 Implementation of the Heckman selection model 

The method used to test for sample selection bias was the Heckman test via full 

information maximum likelihood. Unlike the two-step Heckman selection model, this 

method estimates both equations (1) and (2) at the same time.  

To start, when equations (1) and (2) are considered, the conditional expected damage 

cost given that the interviewee reported a damage is:  

}1{)1( 11
'
1 =+== iiiii hExhyE eb  

 

and assuming that the error terms are jointly normal, the result is  
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=  is the inverse Mill’s ratio. This ratio is also known as 

Heckman’s lambda or hazard rate in reliability theory. The termsf  and �  represent 

the density and the distribution for a standard normal variable, respectively. As for 
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12s , it represents the covariance of the unobserved errors i1e and i2e  of equations (1) 

and (2), respectively. � 

The new model is then described as  

 iiii xy hlsb ++= 121
'
1  (4) 

 

Although il �is not observed in equation (4), it can be estimated —as well as 1b — 

from the probit regression model stated above. Therefore, in the regression of 

equation (3) il  is replaced with ilˆ �and OLS can be applied obtaining consistent 

estimators of 1b  and 12s . When this is done by STATA using the Heckman test 

maximum likelihood estimator, both equations are estimated at once. In case there is 

selection bias, the inclusion of the inverse Mill’s ratio il   as an additional explanatory 

variable would correct for it.� 

From the 239 observations of the model, STATA only used 230 for the Heckman 

model with sample selection because some values of the variables ratiofarmlan and 

schoolrespon were missing. The results of the model are shown in Table 11 below: 

 
Table 11. Heckman selection model with sample selection 
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To start, the p-value for the LR test of the model is Prob>chi2 = 1.000. It cannot be 

shown that the model as a whole is statistically significant —one cannot state that at 

least one of the regression coefficients is not equal to zero at a 95% level of 

confidence.  

In spite of the result of the overall model, four of the 20 variables from the selection 

equation (probit model) showed to be statistically significant at least at a 10% level. 

The constant from this equation also showed to be significant at a 5% level with a 

negative sign.   

The number of groups to which at least one of the members of  the household belongs 

(membership) was found to be significant at a 10% level and positively related to the 

report of damage costs. This implies that the more groups a household is member of, 

the higher the probability of the household of reporting damage costs due to drought. 
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There is no well-known reason to explain this behavior. However, it is a fact that 

members of these groups (farmer associations, women’s unions, veteran associations, 

among others) tend to discuss community issues and everyday activities such as 

drought occurrence during their reunions. It is possible that they might even comment 

about perceived damages, and if such was the case, that practice would facilitate the 

report of this kind of information when requested.     

The coefficient of the variable droughtinfo resulted positive and significant at a 5% 

level. This demonstrates that access to drought forecast information has a positive 

incidence in the report of damage costs by interviewees. The information regarding 

drought forecasts might facilitate the process of accounting and stating losses because 

individuals have more knowledge about the occurrence of the phenomenon. Similarly, 

the variable reliefinfo has a positive coefficient, also significant at a 5% level. The 

access to relief information during and after droughts also seems to be a determinant 

among interviewees in the decision of reporting damages caused by droughts.   

Finally, the ratio of land for farming with respect to the total land area of the 

household (ratiofarmlan) was positively related to the report of damage costs at a 

significance level of 10%. This result suggests that households with a high percentage 

of land for farming activities might be more used to monitor the damage they perceive 

from droughts than households with a small share of land devoted to farming or with 

those that not carry any farming activity at all. This idea is reasonable considering that 

farming is an economic activity and households must keep accounting records of their 

production, whereas it is for personal consumption or for market trade. Therefore, it 

might be easier for them to report damage costs compared to households with a 

smaller share of land devoted to this activity.  

In addition to this, the results of the Heckman model in Table 11 show that there is 

only one statistically significant variable that explains damage costs due to droughts: 

the amount of financial sources available for access in case of drought (finansourc).  It 

was found to be positively related to damage costs and significant at a 10% level. The 

result is different than the expected: the initial hypothesis is that the more access to 

financial institutions, the less damage costs  households will perceive as a result of 

droughts. However, results show that the more financial sources households can 

access, the higher is the damage cost that they perceive. 

The variable rho of the output indicates the correlation coefficient between the two 

error terms. Results show that these errors are negatively related (rho=-0.0715). 
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However, according to the results of the likelihood ratio test it cannot be stated that 

the correlation coefficient is significant. Given that the p-value of the LR test is Prob 

> chi2 = 0.8576, the null hypothesis of rho=0 cannot be rejected at a 95% level of 

confidence.  

Sample selection bias arises only if .01212 ¹= rs Since this is not the case for the 

model results, there is no evidence of sample selection bias and the use of a probit 

model is not necessary to obtain the results from the existing sample. The damage cost 

equation can be estimated consistently by OLS without including the inverse Mill’s 

ratio as an explanatory variable because it is not significant. 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 the R2 of the model is very low (R2=6.4), 

which means that the model only explains a 6% of the variations in damage costs. 

Consequently, more than 90% of the variation in damage costs must be explained by 

other variables not included in the regression. This outcome goes in line with the 

resulting statistical significance of the explanatory variables of the model. Out of the 

18 explanatory variables that were included in the final regression, none of them 

turned out to be statistically significant at a level of 5%. The only significant 

coefficient at p<0.10 was the one of the variable finansourc, or the number of 

accessible financial sources during droughts (as also seen in Table 11). Furthermore, 

the positive sign of the coefficient is contrary to the expected results.  

In general, the overall results from the model are very different from the ones that 

were initially expected: the share of the variance of damage costs explained by the 

variables is very low, and only one variable is significant and acts in the opposite 

direction that it was forecasted. 

One possible reason that might explain the unexpected results could be that household 

respondents were not informed in detailed of the exact definition of damage costs that 

they were being asked to report. In spite of being explained the kinds of damage that 

interviewers wanted to have access to (crop damage, livestock casualties, loss in 

aquaculture activities, costs in human health), each household respondent might have 

his own personal notion of what qualifies in each the damage concepts. Therefore, the 

overall results would reflect incomparable and uneven data between households 

because of the diverse perceptions of damage costs.  

In relation to the other variables, a causality problem might be the reason why some 

of the explanatory variables might not present accurate results in a regression model. 

If one considers that the aggregated damage costs is a variable that contains 

information over the past five years, and that the explanatory variables are reported as 

the actual values in 2009, one might not be sure of the relation of causality of such 

variables towards the damage costs. For example, it is not possible to tell if, as a 

consequence of droughts in year 2004, the household decided to purchase more water 

storage facilities as a coping mechanism for drought (represented as the water storage 

reported in 2009). On the contrary, it could also happen that water storage facilities 

owned in 2004 might have prevented households from perceiving higher damage 

costs due to droughts in former years. The unknown direction of causality could be a 
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problem for the explanatory variables; mainly for the social, physical and water-

related ones.  

Finally, the variables used in the model of Adepetu & Berthe (2007) explain drought 

vulnerability and not precisely damage costs. Therefore, it is also possible that the use 

of the same variables as this model might have been misleading in the attainment of 

significant explanatory variables to explain the damage caused by droughts.   

9.4 Limitations of sample selection test 

Despite the fact that there was no need in correcting the model considering the results 

of the Heckman test, it is important to mention that the Heckman correction for 

sample selection bias can present some limitations when used. First, the explanatory 

variables for the two equations of the test (i.e. equations (1) and (2)) should not be 

identical. If they were, the model would only be identified through the fact that  il  is 

a non-linear function. The two-step approach would not be very useful if there is little 

variation in il  and il  is close to being linear to ix2 . The inclusion of variables in ix2  

besides the one that are presented in ix1  is important for identification in the second 

step, although selection of these variables is commonly subjective and easily critized 

(Verbeek 2008).  

Besides, the inclusion of l  as a correction term that eliminates all problems or 

selection bias is not generally true. The presence of non-random selection implies an 

identification problem, and consequently the validity of any obtained solution depends 

on the validity of the assumptions that are previously made.  

In addition to this, even when is possible to validly test the null hypothesis of no 

sample selection bias, standard errors from computed OLS have to be adjusted 

because the error term (ih  in equation (3) ) is heteroskedastic and because 2b  is 

estimated.  

Finally, if the assumption of jointly normal errors fails in the conditional expected 

damage cost, the estimator is generally inconsistent and could provide misleading 

inference in small samples.�

�
�
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10.1 Conclusions and results 

Groundwater is a very valuable resource in Vietnam given its higher resilience to 

droughts than surface water, among its many other favorable characteristics. It is 

necessary for domestic consumption and mainly, as in this case study, for agricultural 

irrigation due to its high economic productivity.  

However, in some areas of Vietnam, such as in Tra Vinh, the overuse of the resource 

has caused damages to the inhabitants reflected in water scarcity, crop damage, 

pollution of the resource and economic instability. The Vietnamese regulation on 

water resources states that households that extract groundwater at small scales do not 

have to apply for a permit for exploitation, extraction, and use. Still, they should 

register in the People’s Committee as groundwater users when they use the resource 

in areas when the total water extraction volume does not exceed the assessed dry 

season average groundwater. Yet, in reality the compliance with this mandate is not 

easily achieved. In addition to the deficiency of proper knowledge on groundwater 

management use and protection, the low credibility on the government sanctions 

towards water use have led to a “colossal anarchy” (Shah 2005), a well-known 

concept in groundwater literature that describes the overexploitation and depletion of 

the groundwater resource. Together with complicated decrees at a central level, these 

factors result in poor management of groundwater at the local level.  

Throughout the literature revision of water management and use in Vietnam, it has 

been noticed that different strategies, laws and decrees highlight the weak condition of 

information regarding water sources availability and characteristics. The National 

Water Resources Strategy towards the year 2020 estimates that only 15% of the 

country’s area has been studied for the surveying and exploration of underground 

aquifers. It is predicted that around the Mekong Delta River there are large 

groundwater reserves, but the lack of monitoring impedes the strict accuracy of such 

projections. Also, for the particular case of Tra Vinh, it was discovered that 

groundwater information from the Division of Water Resources Planning in Southern 

Vietnam (DWRPIS) was first, inconsistent with the one used by the DONRE in Tra 

Vinh and second, insufficient for extended assessment of the state of the resource. 
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This leads to the miscoordination and overlap in objectives of water projects in the 

province and throughout the whole country. 

It is important to highlight that, although agriculture is the main economic activity of 

the province and groundwater is the main source for crop irrigation, the low average 

of rainy days per year and also salinity intrusion act as constraints for agricultural 

production. Because of this, aquaculture activities have been empowered over the past 

years as an alternative and profitable activity. Export-oriented output such as shrimp 

and crabs have increased given the availability of brackish water in the province.   

After studying the results of the household surveys conducted in Tra Vinh, several 

interesting facts arise. For instance, 96% of the respondents have access to drought 

forecast information, with the television being the favorite choice and information 

obtained through neighbors being the second one. The latter one reflects the 

importance of social capital by means of networking among households in the district. 

With respect to the access to financial sources as a coping mechanism during droughts, 

also 96% of the respondents answered that they had access to at least one source.   

Since groundwater becomes very scarce during the dry season, inhabitants of the 

district have to face several problems. The negative impact of drought on rice yields 

and production is a major concern, followed by the damage of other crops and the 

decrease in their productivity. On average, the damage costs of droughts are relatively 

higher for vulnerable households —when compared with non vulnerable ones— and 

represent a considerable share of their yearly income.   

When asked about their perception of the state of groundwater, 40% of the 

respondents stated that they had not observed any change in groundwater quantity 

over the past 5 years. This could mean that, if there actually is a decrease in 

groundwater levels, it is more difficult to raise awareness on water rationing in a 

population that does not perceive overexploitation of the resource as a main concern. 

Even less of a concern is groundwater quality: 75% of the sample responded that there 

has not been any change in the resource quality over the past 5 years. Both outcomes 

are indirectly reflected in the fact that when asked about a possible increase in 

groundwater depletion, respondents state that their main coping mechanism consists 

of digging more deep wells to fulfill their water supply (85% of the households in the 

sample own at least one).  

The comparative analysis of asset pentagons constructed under the framework of the 

Sustainable Livelihoods Approach (SLA) was done with the purpose to depict the 
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access to different kind of assets according to selected categories of groups. For 

instance, when comparing ethnic groups in Cau Ngang, the asset pentagon results 

demonstrated that the group conformed by households of Kinh ethnicity is relatively 

better off than the Khmer in terms of accessing all kind of assets. It is only for the 

natural assets when both ethnic groups present an equal value. The fact that the 

Khmer group ranks lower in the physical asset category might be explained by the 

trend of Khmer people deciding to live in isolated areas to develop their activities.  

An interesting fact is that, for the comparison of access to assets between households 

with male and female family heads, the group with a male household head ranked 

better in all kind of assets except one: the financial one. Besides, the group with a 

woman as household head obtained a lower value in access to human assets. This 

latter result might be explained by the fact that women tend to have lower average of 

years of schooling than men.  

For the regression analysis of damage costs of droughts, the Heckman model showed 

that there was no evidence for selection bias in the sample and that the inverse Mill’s 

ratio was not significant. Therefore, OLS were used to estimate the coefficients. The 

overall results from this regression turned out to be very different from the ones that 

were initially expected: first, the share of the variance of damage costs explained by 

the variables was very low (R2 =6.4) suggesting that the model cannot explain the 

variations of damage costs. Also, only one of the 18 variables included in the model 

turned out to be significant (finansourc) but ended up behaving in the opposite 

direction that it was forecasted.  

There are three main reasons that could explain why the results of the model were not 

significant. One is the uncertainty in the causality relations between the dependent and 

explanatory variables considering that they enclose different time periods (the former 

is an aggregated of 5 years whereas the latter corresponds to year 2009).  Secondly,  

the lack of a common definition of damage costs among the household respondents 

could make data more uneven and difficult to compare. Finally, there is always the 

possibility that the explanatory variables included in the model were not 

representative of possible causes of damage costs. It could be that these variables are 

useful to analyze drought vulnerability, as in Adepetu and Berthe (2007) but they 

might not succeed at explaining the damage costs of droughts.  
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10.2 Discussion and recommendations 

Llamas and Martínez-Santos state that eradication of poverty is a key factor for 

sustainable groundwater development. As long as inhabitants of the Tra Vinh 

continue to have agriculture as their main source of income and they perceive no strict 

regulation on the use of groundwater for irrigation purposes, the overexploitation of 

the resource will continue to happen. Furthermore, if they have no knowledge on 

efficient mechanisms for water use and crop development, the inefficiency in its use 

will prevail.  

For starters, each provincial committee should reorganize the objectives and 

implementation methods for groundwater control and monitoring. The provincial 

People’s Committee is the responsible sub entity for household extraction quantities 

and they must ensure that households report clear information about water status in 

terms of exploration, extraction, exploitation and use. As long as there is no real 

sanction for not reporting complete information regarding water use, users will have 

no incentive to reduce the water extraction. Also, further collaboration should be 

enforced between specialists of the DONRE and other institutions such as DWRPIS in 

a way that extended studies on groundwater can be carried out. Therefore, adequate 

policies and appropriate measures can be taken with respect to groundwater 

management in the province. 

In addition to this, the People’s Committee must reinforce and monitor the proper 

closure or reparation of all poor quality drilled wells to avoid pollution of the 

groundwater resource. Evidence suggests that despite the quality problems of wells in 

terms of iron content, salinity and bad odor, future plans from people in the province 

still rely on the increase of groundwater extraction. Such being the case, a sanction or 

monetary punishment should be stated for each groundwater user that does not 

complies with the established regulation. For the correct treatment of the water source 

as well as for the implementation of proper initiatives to protect and maximize its use, 

further effort and resources should used for the  research of the current state of water 

in the country. 

In communications with experts in the area of groundwater in Vietnam during the 

development of the study, it has been mentioned that other provinces from the 

Mekong Delta are more vulnerable to droughts and groundwater depletion than Tra 

Vinh. In fact, the present research was based on the information of this province given 
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that it was the selected one for the study of UNU-EHS under the criteria that the site 

has vast experience with droughts and intensive use of groundwater resources. 

However, evidence shows that aquaculture activities carried out in the province rely 

on brackish water instead of groundwater, and these are the ones currently being 

empowered. Other areas of the delta could be even more interesting to study because 

of their higher dependence of groundwater. Therefore, an alternative for further 

studies of groundwater in Vietnam could be an extension or replication of this 

research in an area that has a higher dependence on groundwater for everyday 

activities and economic development.  

With respect to the results from the asset pentagons under the SLA framework, the 

government could invest in infrastructure to facilitate the access of Khmer people to 

the commune center and roads. In this way, this ethnic minority could also benefit 

from the creation of social networks and market opportunities, enhancing other types 

of assets and not only the physical ones.  

Furthermore, for future SLA analysis, information regarding health status of the 

household members must be used when developing the human capital indicator. 

Quality of health of an individual has a direct impact on his/her laboring skills, 

capacity to learn and leadership potential; hence, it is an aspect that cannot be left 

aside when studying sustainable livelihoods. Additionally, the ambiguity created by 

not knowing the direction of impact of some social and human variables —such as 

education and memberships— could be targeted by giving more detail to their nature, 

benefits and quality.  

Finally, when assessing the damage costs due to droughts in households, researchers 

should be sure that all participants of the survey have a clear and identical concept of 

the damages they are being asked for. This would ensure that the reported information 

is consistent and comparable. At the same time, it is recommended that all 

information from the survey should be representative of a common period of time. For 

instance, all the information that is intended to be analyzed through comparisons 

should belong either to a specific year or to an aggregate of years, but not to both. 

This would facilitate the development of a more in-depth analysis.  
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Appendix I 

Model of household vulnerability to drought applied to rural sahelian households 
 
Adepetu and Berthe (2007) stated a model that considers vulnerability as a function of 

household’s exposure to droughts and the livelihoods assets available to each 

household, providing the capacity to cope with, recover from and adapt to drought and 

its impacts. The selection of the assets as factors that influence vulnerability was 

based on the sustainable livelihoods framework, though they focused only on four 

classes of assets: natural, economic (financial), human and social. The model they 

used was an ordinal logistic regression model. It is proposed as follows:  

y*= �� Z + �  

where y* is the given state of vulnerability, Z is the set of explanatory variables, ��  is 

the vector of coefficients to be determined and �  is a random error with zero mean and 

unit variance. Considering that y* is unobserved, what can actually be observed is:  

y = 1, if y* �  � 2 

y = 2, if � 2 < y* �  � 3 

y = 3, if � 3 �  y* 

The explanatory variables are grouped as exposure, natural assets, economic assets 

(financial and non financial), human assets and social assets. The variables that were 

grouped among these categories are the following ones:  

Exposure 

-  Number of drought episodes previously experienced by the 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 irrigation 

Economic assets 

-  Main occupation of household 
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-  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 house was self sufficient in food 

-  Use of modern farm equipment 

-  Distance of the household to the nearest motorable road 

-  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 member of the 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 

�
�
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Appendix II 

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’ 

names 
Relationship Age Sex Education Level Memberships 

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 = male 1 = 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/ 
Amount 

Main financial sources 

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    
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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), 

inherited (2) 
Area (m2) Year Reasons 

- Paddy     
- Vegetables     
- Homestead     
- Others     
 
6.2 Land sold and given to your relatives 
Kinds of land Sold (1), 

given (2) 
Area (m2) Year Reasons 

- Paddy     
- Vegetables     
- Orchards     
- Homestead     
- Others     
Reasons: 1 = sickness of family members, 2 = failure in agriculture (specifically) 

3 = failure in trading or services, 4 = losses due to drought 
5 = house building,   6 = family ceremonies 
7 = high cost of private loans,  8 = other 

 
HOUSEHOLD INCOME 
  
7. Income from on-farm activities 

Activities Area or  
heads 

Times  Production 
(kg) 

Price 
(VND) 

Income 
(VND) 

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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2     
3     
4     
5     
6     
7     
8     

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 

members 
Kind of 

Activities 
Place Working time Total income  

(VND) 
Total cost 

(VND) 
       
       
       
       
       

Places:  (1) home commune (2) home province (3) other provinces 
 
10. Income from non-farm income activities  
No Names of 

members 
Kind of 

Activities 
Place Total income  

(VND) 
Total cost 

(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  

(10 years ago) 
Importance  

(now)  
Reasons 

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 Changes 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   
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4 Others 
 

  

15. Changes in infrastructure 
No Main changes  Year Reasons 

1 Relocation   
2 Built deep-well   
3 Built concrete well   
4 Built water containers   
5 Access to tap-water 

introduced 
  

6 Others   
 
16. Changes of on-farm activities  
No Main changes  Year Reasons 

1 Traditional rice to high yielding rice,   
2 Single rice to double rice,   
3 Switch from rice to vegetables   
4 Switch to rice-shrimp system   
5 Switch to raising mono-shrimp   
6 Switch to raising fish   
7 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 (   ) 
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(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 
1 Television   
2 Radio   
3 Broadcast systems   
4 Local cadres   
5 Neighbors   
6 Others   
7 No information   

22. 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) Learn on 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    
Relation of 

person 
Place of living of person  

(district, province) 
Amount received in 

highest month 
Amount received per year 

(average) 
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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 
event 

Year Institution / people 
asked for support (1-9) 

Support received 
(yes/no) 

Amount/goods 
received 

Had to pay 
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 
event 

Year Duration you had to 
leave the home (days) 

Where did you 
got to (location) 

Which institution, housing did you 
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? 
 No Activities Rank Notes 
1 Buy/build water containers   
2 Build concrete well (Gieng Hoc)   
3 Build deep-well   
4 Access to tab-water   
5 Others   
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35. Which institutions do you access when your household is affected by drought? 
 No Activities Rank Notes 
1 Neighbors   
2 Hamlet leaders    
3 Commune bodies   
4 Relatives   
5 Kind people in commune   
6 Kind people far commune   
7 Others   

36. Economic damages due to drought in the normal drought (within past 5 years) 
No Kinds of socio-economic damages Cost Reasons 

1 Animal damaged   
2 Shrimp damaged   
3 Crops damaged   
4 Human health problems   
5 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 
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(3) Decrease 
(4) Same level 
(5) I don’t know  

44. 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  

45. How do you think groundwater quantity will change in the future? 
(1) Out of groundwater 
(2) Quickly decrease 
(3)  Others 

46. How are changes of groundwater quality so far? 
47. 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 

48. 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) I don’t know 

49. 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 ____________ 

50.  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 ___________ 

51. 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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