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Abstract

Eliminating ultra-poverty has received particular attention of policymakers and schol-
ars. The ultra-poor in mountainous regions often live on subsistence farming and natural
resource extraction. One of the sustainable ways to support them is to find alternative live-
lihood options that reduce natural resource extraction and increase household income. Dur-
ing the last decades, Vietnam has reduced its poverty significantly. However, the ultra-poor
still exist especially among ethnic minority groups in the northern mountains, increasing
pressures on already degraded forest resources. This paper assessed the contribution of
indigenous pig production to the welfare of ultra-poor ethnic minority households using
the propensity score matching method and identified the factors affecting indigenous pig
production using generalized Poisson, negative binomial and binary logistic regression
models. The analysis was based on the data of 495 rural households surveyed in 2019.
Results showed that (1) indigenous pig production had significant and positive effects on
household income of and multidimensional poverty reduction among ultra-poor ethnic
minority households and (2) the factors positively affecting indigenous pig production are
access to credits, number of motorbikes, government support under the poverty reduction
programs, road type at the villages, and irrigation systems, while the effects of distance
from home to the nearest agricultural input shops and access to the national electricity are
negative. We suggest the government to continue improving irrigation systems, road condi-
tions and access to national electricity grids in this mountainous region.
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1 Introduction

Livestock production at the small (household) scale is encouraged in mountainous regions
of many developing countries because it promotes economical, social, and environmental
sustainability (Ness et al., 2007). In mountainous regions, local people often rely on crop
production that is insufficient for their livelihoods and on extraction of forest and other
natural resources. However, forests have been degraded and crops have low productivity.
Thus, livestock production could be a viable option to increase rural household welfare. In
addition, small-scale livestock production does not pollute the environment as its wastes
are used as manure for crop cultivation. In this regard, small-scale livestock production
is complementary to cop production and reduces pressures on already degraded forest
resources.

Within various types of livestock, small-scale pig production plays multiple roles in the
livelihood improvement of rural households and the economy of densely populated devel-
oping countries like Vietnam where lands for crop production and for pastures are scarce
(Delgado et al., 1999; Herrero et al. 2013; Baltenweck et al. 2018). Pig production provides
animal protein to supplement consumers’ meager diets (Murphy and Allen, 2003). It is
also a source of income (Johannesen and Skonhoft, 2010; Do et al., 2019) through the sale
of live pigs and other pig products, such as pork or sausages. Besides, pig wastes are also
used as manure to improve soil fertility and thus contributing to greater crop production
(Nguyen et al., 2016; Do et al., 2021). It also serves as an alternative source of savings and
as an unconventional form of insurance, allowing rural households to sell their assets in
times of need (Hoddinott, 2006; Kazianga and Udry, 2006; Mogues, 2011).

Vietnam has shown significant economic growth and poverty reduction through the
recent years (Nguyen et al., 2021). Over the period from 2002 to 2011, its average annual
gross domestic product (GDP) growth reached 7.2% (Berliner et al., 2013). Poverty reduc-
tion in Vietnam was evident as the poverty headcount rate declined from 57% in the early
1990s to 13.5% in 2014 (UNDP, 2018). The Government of Vietnam (GOV) has under-
taken various poverty reduction programs such as Program 135 which aims to improve the
living conditions of ethnic minorities. In November 2015, the GOV established a national
multidimensional poverty measurement program for the period 2016-2020, marking an
important step in Vietnam’s transition from an income-based to a multidimensional poverty
approach, which includes both income and non-income dimensions. The five dimensions of
multidimensional poverty are: health care, education, housing, water and sanitation, and
information access (Duc, 2019). Each dimension has two equally weighted indicators. A
household is considered multidimensionally poor if it is deprived from at least three indica-
tors (Duc, 2019). The multidimensional poverty rate in Vietnam was only 5.23% in 2018
(MOLISA, 2019). However, the achievements in poverty reduction are not homogeneous
among regions and ethnic groups. The poverty rate among ethnic minorities decreased only
by an average of 3-4% per year, but the areas resided by ethnic minorities such as the
Northern mountains of Vietnam remain the core poor place of the country. By the end
of 2018, ethnic minorities accounted for 12.51% of Vietnam’s population. The results of
poverty reduction were not sustainable, and the rate of re-poverty is still high (GOV 2019).
In particular, the livelihoods of ethnic minorities are becoming more vulnerable as for-
est resources— one of their important livelihood sources—are degraded (Bierkamp et al.,
2021). Thus, supporting ethnic minorities out of poverty is of critical importance.

Small-scale pig production has been very popular in Vietnam. Many Vietnamese pig
breeds are indigenous such as Mong Cai, Muong Khuong, Soc, Meo and Co. These pig
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breeds have unique characteristics, such as early sexual maturity, good adaptability to
severe raising conditions and insensitivity to poor feeding practices (Dang-Nguyen et al.,
2010). Indigenous pigs are more resistant to diseases and other shocks compared to other
pig breeds (Huyen et al., 2019). Even though their productivity is low, their meat is pre-
ferred by consumers. Small-scale indigenous pig production also requires low investment.
Thus, these breeds are normally chosen by poor households in the mountainous areas of
Vietnam.

Although there have been several studies on poverty of ethnic minority households in
Vietnam (Van de Walle and Gunewardena, 2001; Dong et al., 2005; Baulch et al., 2007;
Baulch et al., 2011; Imai et al., 2011; Pham et al., 2011; Baulch et al., 2012; WB, 2012;
Tuyen, 2014; Nguyen et al., 2017; Do et al., 2019), the relationship between produc-
tion of indigenous pig breeds, which are locally available and well adapted, and poverty
reduction have not yet been studied. Hence, this study aims to contribute addressing this
gap. We focus on the poorest section of the ethnic minority poor (ultra-poor). The ultra-
poor, defined as those individuals either eating less than 80% of their energy requirements
despite spending at least 80% of their income on food (Lipton 1986) or earning less than
US$1.25 per capita income per day (Marston and Grady 2014; Banerjee et al. 2015), are
most vulnerable to seasonal fluctuations in food supply and wage employment and season-
ally induced nutrition and health risks. Specifically, we look for the answers to the follow-
ing research questions: (1) how does indigenous pig production contribute to improving the
welfare of the ultra-poor? And (2) what are the factors affecting indigenous pig production
by these poor households? The answers to these research questions would provide signifi-
cant inputs in formulating policies and programs for supporting and improving the lives of
the poorest in Vietnam.

1.1 Study area and data collection

The Northern mountains of Vietnam, considered the poorest region of the country (Nguyen
et al. 2019), are home to many ethnic minorities including H’Mong, Tay, Dao, Thai,
Muong. Some of these minorities have a population of less than 10,000 persons such as
Ha Nhi, Mang, Cong, La Hu, Lo Lo, and La Ha. Of the three million households in the
region, 1.7 million households belong to ethnic minority groups. The multidimensional
poverty rate in the region is about 14.7%, around three times higher than the country’s
average. Moreover, around 85% of the ethnic minority households are poor (more details in
Table 7). More importantly, they are very vulnerable to poverty due to the dependence on
common pool forest resources which have been increasingly degraded. Therefore, finding a
solution to support them to be permanently out of poverty is of critical importance.

The data used in this study are extracted from a survey conducted at the beginning of
2019 within the research project entitled “Major solutions for sustainable poverty reduc-
tion in ethnic minority and mountainous regions of Vietnam by 2030”. The project was
funded by the Committee of Ethnic Minority Affairs of Vietnam. The study areas are four
provinces with high poverty incidences in the Northern mountains, namely Son La and Lai
Chau (in the Northwest), and Cao Bang and Ha Giang (in the Northeast) (Fig. 1).

A three-stage procedure for data collection was used for this study. The first stage was to
select sampled districts. Based on district profiles and consultation with local experts, we
selected two districts in each province based on the following criteria: (i) representative in
term of ethnic minority groups in the province and region, (ii) high poverty incidence of
ethnic minorities, especially ultra-poor households, and (iii) high potential for indigenous
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Fig. 1 Vietnam’s poverty and the study sites of Son La, Lai Chau, Cao Bang and Ha Giang provinces.
Source: Developed by the research team based on the household multidimensional poverty rate in 2018
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pig production (based on pig density). The selected districts are Bac Yen and Quynh Nhai
districts of Son La province, Bao Lam and Bao Lac districts of Cao Bang province, Quan
Ba and Bac Me districts of Ha Giang province, and Nam Nhun and Muong Te districts of
Lai Chau province. In the second stage, two villages in each selected district were selected
following the similar criteria as described above. During the last stage, 20 to 30 households
in each selected village were randomly chosen from a list of households provided by vil-
lage leaders. This allows us to set up a cross-sectional data set of 530 households (167
households in Cao Bang province, 148 households in Son La province, 105 households in
Ha Giang province and 110 households in Lai Chau province). After excluding the house-
holds with missing quantitative information, the final sample for the analysis includes 495
households.

Two questionnaires were used to gather data. The village questionnaire captures vil-
lage-level data on population, infrastructure and other socioeconomic indicators of the
village. The household questionnaire documents livelihood information at the household
level, including livelihood assets (human, physical, social, natural and financial capital),
livelihood activities (farming, non-farm self-employment, off-farm way employment and
other income generating activities) and livelihood outcomes. The subsidies/support they
have received from various governmental programs for the poor were also documented.
The household questionnaire also includes a section on inputs and outputs of indigenous
pig production and expenditures during the last 12 months of 2018. Besides, as shocks
are considered one of the main factors pushing rural households to be poor in Vietnam
(Nguyen et al., 2017; Do et al., 2019; Nguyen et al., 2020; Do et al., 2020), another section
was designed for sampled households to report negative circumstances that the households
faced during the last three years. These events are categorized into three groups, namely
weather shocks, health shocks and other shocks (e.g., market shock). Weather shocks con-
tain floods, droughts, landslides and storms. Health shocks consist of events as illness or
death of household members. In addition, in each village, a group meeting was organized
with villagers to discuss the advantages and disadvantages of indigenous pig production in
each village.

2 Data analysis
2.1 Conceptual framework

We used the sustainable livelihoods framework (Carney, 1998; Ashley and Carney, 1999;
Nguyen et al., 2018) as the conceptual framework to analyze the impact of indigenous pig
production on household welfare such as income and poverty reduction and to examine the
factors affecting indigenous pig production. The framework consists of three components:
livelihood assets, livelihood strategies and livelihood outcomes (Fig. 2). Starting from the
top of the figure, a rural household has five key livelihood assets, namely human, social,
natural, physical and financial capital. The rural household chooses its livelihood strategies
depending on its assets, the local infrastructure (e.g., physical accessibility) and the vulner-
ability context (such as income shocks) it faces. Once the selected livelihood strategies
have been undertaken, the rural household gets a specific level of livelihood outcomes such
as income (Nguyen et al., 2015).

In this framework, pig production is a livelihood activity. Therefore, it is theo-
retically affected by household assets and the conditions of the living environment,

@ Springer



N.-N. Ho et al.

Livelihood assets

Human Social Natural Physical Financial
(e.g. labor) (e.g.social (e.g. farm (e.g. (e.g. credit)
network) land) equipment)

Vulnerability Local

Livelihood

context . infrastructure
strategies

(e.g. weather
shocks)

(e.g. physical
(e.g. pig production)

!

Livelihood outcomes

accessibility)

(income, reduced poverty)

Fig.2 The conceptual framework for the study

including supports from the national or local governments. It affects the welfare of house-
holds through three channels. First, it provides meat for home consumption. Second, it pro-
vides cash income from sales. Last, its wastes can be utilized as manure to improve soil fer-
tility. Obviously, the factors affecting indigenous pig production and its impacts to welfare
are closely related and require empirical analysis.

2.2 Evaluating the impact of pig production on household welfare

The Average Treatment Effect on the Treated (ATT) was used to assess the impact of
indigenous pig production on household welfare. The outcome variables (daily income per
capita, total household income and headcount poverty indices) between the treatment and
control groups were compared. To measure the impact of pig production on the outcome
variables, three cases were estimated using ATT, namely, the base case, Case 1 and Case 2.
For the base case, the treatment group includes the households with at least one pig while
the control group includes the households without pigs. For case 1, the treatment group
includes the households with at least two pigs and the rest of sampled households belong
to the control group. For case 2, the treatment group includes the households with at least
three pigs and the rest of households belong to the control group.

The propensity score matching (PSM) method was used to match the households
between the treatment and control groups for each case. This method allows us to correct
biases from observed characteristics and to address the endogeneity problem on the esti-
mated ATT via the following Probit model:

P(X) = Pr(Dy = 11X;,S;, VL;, P;,) (1

The dependent variable of Eq. 1 denotes the probability that household i in village j
has at least one pig for the base case, has at least two pigs for case 1, and has at least three
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pigs for case 2 (the treatment group). The dummy variable (D) equals one if household
in village j is in the treatment group and zero otherwise. Observable household livelihood
assets are represented by X;;, whereas observable village characteristics are represented by
VL; and the number of income shocks that the household faced during the last three years is
represented by S;;. Py, is a vector of factors that are unobservable but possibly influence the
household decision at the provincial level.

The outcome variables were then estimated via three matching methods, nearest-neigh-
bor matching (NNM), kernel-based matching (KBM) and radius matching (Radius). The
NNM is based on the five nearest neighbor method with common support and replacement.
The KBM estimator and the radius estimator are measured with common support and with
bandwidth 0.06. For KBM and the radius, bootstraps were used for 1,000 replications to
estimate standard errors for assessing the variability of propensity score matching estima-
tors. For the NNM, as the standard bootstrap is not valid (Abadie & Imbens, 2008), the
standard errors were not bootstrapped.

Different quality checks were performed upon testing the aforementioned matching
methods. A considerable overlap in the common support was found. The histograms pre-
sented in Fig. 3 show the estimated propensity scores for the treatment and control groups
and indicated that the common support condition was matched for all three cases. Table 11
presents the results of covariate balancing tests before and after matching. The standard-
ized mean differences (Caliendo and Kopeinig 2008) for overall covariates (from 18.4 to
24.7%) before matching have been reduced (to 4.0 to 6.4%) after matching. Besides, the
percentages of bias reductions are in the range of 65 to 84% through matching. Since the
p-values of the likelihood ratio tests are greater than 0.1, the joint significance of covari-
ates is consistently rejected after matching but not before matching. The pseudo-R? also
decreased significantly from 21.7 to 23.2% before matching to 1.1 to 2.6% after match-
ing. Thus, the proposed specification of the propensity scores was successful in terms of
balancing the distribution of covariates between the treatment and control groups. Among
the important findings were: (1) low mean standardized bias; (2) high percentage of bias
reduction; (3) insignificance of the likelihood ratio test; and (4) low pseudo-Rz. Based on
the propensity scores, the impact of indigenous pig production on household welfare is
modeled as follows:

ATT = E(O"|D = 1,P(X)) — E(O|D = 1, P(X)) )

where C and T denote the treatment and control groups, respectively. O represents the out-
come variable which includes daily income per capita, total household income, and head-
count poverty indices.

2.3 Identifying the determinants of indigenous pig production

Regression models were used to assess the factors affecting pig production of rural ultra-
poor households. First, the following poisson regression model (Gujarati, 2004) was used
to examine the factors affecting the number of pigs raised by a household in 2018:

Y, = E(Y;) +u; = E(Y;|X;, S,

i VL Pp) + u; 3)

where Y; denotes the number of the pigs of household i. Xl-j, Sl-j, VLJ-, and Pfe are as in Eq. 1,
and u;is the error term. As our likelihood ratio test results showed that the generalized Pois-

son regression and negative binomial regression models performed better than the Poisson
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model; we used these models to examine the factors affecting the number of pigs of rural
ultra-poor households. We also used the robust option to control for possible heteroscedas-
ticity in these models.

In addition, as it was found out that having at least two pig contributes significantly to
reducing poverty in the mountainous areas, we used a binary logit regression model to
examine the factors affecting the decision of the household to have at least two pigs or not.
The model used the following equation:

0p+X.0,+S.0,+VL 03+P., 0, +¢
e i [/ J fe !

P.(0Q.=1]|X..S., VL,P,) =
’J(Q’f ! LA A fE) 1+eeo+x,’,el+s;,02+v;;93+p;604+gi @)

where Q; is a binary variable that is equal to 1 if the number of indigenous pigs of house-
hold i in village j is greater than one and equal to O for otherwise. X, S, VL;, and Py, are
as in Eq. 1 and ¢; is an error term. The robust option was also used to control for possible
heteroscedasticity in this model.

For the independent variables, we used different variables to represent human, finan-
cial, physical, social, and natural capital. Human capital was represented by ethnicity, age,
gender, and education level of the household head, household size, and household labor.
Financial capital was represented by the household’s access to credit. The number of
motorbikes of the household represents physical capital. Social capital was represented by
the number of mobile phones used by household members, the number of socio-political
groups that household members participate in and the support that the household receives
from national and local government and non-government organizations. Natural capital
was represented by the farmland size and perennial land size that the household owns.
Income shocks were separated into three groups, namely weather, health and other shocks.

At the village level, four variables were included: a dummy variable of the physical
accessibility of the village, the distance from the village to the nearest agricultural input
shop, the share of farmland that the irrigation system can provide water for crop production
and a dummy variable on household’s access to the national electricity grids. The depend-
ent and independent variables are summarized in Table 8. Even though the number of the
explanatory variables is high, the variance inflation factor (VIF) values signal no serious
multicollinearity issues (see Table 10).

3 Results and discussion
3.1 Description of household pig production groups

Table 1 captures the differences in household assets and village characteristics between the
group of households who have at least one indigenous pig and the other group of house-
holds having no pigs. The Mann—Whitney and Chi-square tests showed that a number
of household assets and village characteristics are statistically different between the two
groups. The group with indigenous pig production is characterized by: (1) a higher share
of male-headed households, (2) a higher share of household heads from a very minority
group (e.g., Ha Nhi, Mang, Cong, La Hu, Lo Lo, La Ha), (3) higher numbers of laborers
and household members, (4) higher numbers of motorbikes and phones, larger perennial
land size, higher numbers of other shocks and (5) lower numbers of weather and health
shocks as compared to the group without pig production. Regarding village characteristics,
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TaZIe.1H BaSI}T houset.lo.ld assets Variable Pig group No-pig group Statistic test
and village characteristics (n=229) (n=266)

Mean SD Mean SD

Human capital

Ethnic 058 050 044 050 9.18"¢
Gender 091 028 084 037 5597
Age 4076 11.54 39.73 1207 1.13°
Education 249 121 243 127 0.54°
Labor 292 126 257 128 33377
Hhsize 502 157 458 172 2827
Natural capital

farm_land_size 056 054 061 059 -0.71°

perennial_land_size 0.07 024 0.04 0.17 1.77®

Social capital

SPO # 2358 4254 2970 4578 2.34°
policy 066 048 0.69 046 0.61°
n_mobile 1.81 116 136 107 481"
Physical capital

Motorbike 101 060 074 056 4937
Financial capital

Access_credit 0.62 0.49 0.64 0.48 0.27¢
Shocks

n_weather_shock 069 131 096 143 -3.05"
n_health_shock 031 057 043 069 202"
n_other_shock 071 093 066 1.05 171"
Village variables

Roadtype 045 050 058 049 8157
shop_dist 1627 1541 1976 20.00 -1.37°
Watersys 056 019 060 0.15 -2.35™
Electricity 072 046 091 029 29.827"

*Significant at 10%, **signiﬁcant at 5%, ***signiﬁcant at 1%; SD is
standard deviation

*Ttest
®Nonparametric two-sample test: Mann—Whitney U test

¢Chi-square test. Policy share means the share of the population that
have received the supports from the government through poverty
reduction programs

the former resides closer to the district/commune’s shops where they can purchase agri-
cultural inputs, experience worse road conditions and have poorer access to both irrigation
and electricity compared to the latter.

Household income of the surveyed households is mainly from crop and livestock pro-
duction. There is a significant share of income from pig production among ultra-poor eth-
nic minority households. Pig income is measured by total revenue minus total cost. The
total revenue is equal to the value of the pigs’ live weight raised in one year. Total costs
consist of expenditures for food, breeds, veterinary treatments, depreciation and loan
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interest. It is noted that forest income of the group without pig production is several times
higher than that of the group with pig production (Table 2). Total income of the household
group with pigs was found significantly higher than that of the household group without
pigs. However, the income per capita is not significantly different between the two groups.
As Nguyen (2012), Tran (2016) and Nguyen et al. (2017) showed ethnic minority house-
holds in the Northern mountains of Vietnam have fewer opportunities for incomes from
wage and non-farm employment compared to other regions.

3.2 Pig production in the study areas and sampled households

The pig sector plays an important role in household livelihoods in all selected provinces and
the whole region (see Table 9). Pig population and live weight of pigs increased throughout
the 2014-2018 period, except for Cao Bang province. In the mountainous regions, farmers
chose indigenous pigs for income generation and home consumption, especially indigenous
black pig breeds like Muong Khuong, Meo, Lung Pu black pigs. The major feed source for
indigenous pigs was crop residue feeds and household and agricultural by-products. So, the
production cost is low.

Even though indigenous pig production plays an important role in generating income
and nutrients for ethnic minority people in the Northern mountains of Vietnam, it is mainly
reared by small farmers (more than 87% of surveyed households with less than 5 pigs per
raising time) (Table 3). The results of the focus group discussion with pig farmers show
that the major constraints include lack of technical knowledge on pig production, poor
access to proper veterinary services, lack of quality piglets and high piglet prices, lack of
availability of good breeding boars, the inbreeding and natural farrowing status in sows,
and lack of market linkages. These constraints need to be solved to enhance economic per-
formance in pig production of households in the region.

Table 4 shows that the variable costs of indigenous pig production are low because the
pig’s main feed sources are agricultural by-products such as vegetables, banana trees, corn
and grazing. These feeding sources used by the poor for pigs are available on their farms.
The results of cost—benefit analysis showed that there was a positive relationship between

Table 2 Annual household income by income source in 2018 (in USD)

Income source Pig group (n=229) No-pig group (n=266) Statistic test
Mean SD Mean SD
Crop income 456.93 379.75 378.38 428.06 4,077
Other livestock income 525.75 462.85 331.76 375.16 6.23""
Pig income 177.65 163.93 0.00 0.00 15.84™"
Forest income 20.81 64.66 156.13 381.02 —2.49™
Government salary 40.79 335.48 33.12 278.67 0.31%
Labor rented income 326.00 622.90 328.37 597.05 —-0.28*
Other income 59.12 198.37 122.49 496.83 -021°
Total income 1,607.05 1,085.10 1,350.25 957.39 2.90™%
Income per capita 340.32 235.29 334.49 271.57 1.39%

*Significant at 10%, **signiﬁcant at 5%, ***significant at 1%; SD is standard deviation
“Nonparametric two-sample test: Mann—Whitney U test
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Table 3 Indigenous pig

. - . Number of pigs Number of Share (%) Cumula-
production by minority ethnic houscholds tive share
households %)

1 74 32.31 32.31
2 66 28.82 61.14
3 41 17.9 79.04
4 20 8.73 87.77
5 17 7.42 95.2
6 2 0.87 96.07
7 4 1.75 97.82
8 2 0.87 98.69
9 2 0.87 99.56
10 1 0.44 100
Total 229 100 -

Table 4 Cost-benefit analysis of indigenous pig production

Unit One pig (n=74) from 2 up to 6 More than 6
pigs (n=146) pigs (n=9)

Number of pigs per raising time Heads 1 3 8
Price per kg of live weight USD $/kg 3.23 332 3.44
Variable costs (VC) USD $ 187.93 520.48 1,288.28
Gross revenue (GR) USD $ 258.32 765.79 1,928.79
Household income USD $ 70.39 245.31 640.51
Net benefit—cost ratio (GR/VC) 1.37 1.47 1.50

the number of pigs (of up to 10 pigs) and the return from indigenous pig production. This
can be explained that a higher number of pigs reduce input costs (economies of scale).
Moreover, farmers with a large number of pigs might have better networks with local trad-
ers; then, he can sell their pigs with higher prices (Table 4).

3.3 Impact of indigenous pig production on the welfare of ultra-poor households

Table 5 shows the ATT of different numbers of pigs on multidimensional poverty rate,
income poverty indices and total household income using the matching algorithms
described above. The results indicated that having at least one pig improves total household
income, but it does not necessarily improve the poverty status. This finding confirms the
results from the field survey that the governmental support under the national program on
sustainable poverty reduction for poor households which usually provided one sow pig per
poor household is not sufficient for poverty reduction. Having at least two pigs (as in the
last two columns of Table 5) leads to significant and positive effects on both poverty reduc-
tion and income improvement of households. As indigenous pig production continues to
be an important economic activity in the Northern mountains, it is recommended that the
national poverty reduction program for the poor considers setting a threshold of two indig-
enous pigs for poor households.
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These findings are in line with those of previous studies. For example, Deka et al.
(2007) found that pig production in the Northeastern region of India contributed signifi-
cantly to the livelihood of the majority of pig-rearing households. Similarly, Petrus et al.
(2011) reported that pig production among communal farmers in Namibia has potential in
improving their livelihood and thus helps to achieve the millennium development goals on
poverty reduction. Katagame et al. (2017) also reported that pig production has positive
effects on household income and poverty reduction of farmers in Papua.

3.4 Determinants of indigenous pig production of the ethnic minority households

Table 6 presents the effects of household, village and provincial characteristics on indig-
enous pig production. The results showed that households with better access to credit
are more likely to have a higher number of pigs compared with other households. This
is because a large pig farm size requires a higher level of the initial investment. However,
access to credit variable is not significant in the binary logistic regression. This indicates
that the existing credit policies to support the poor have insignificant effects on their deci-
sion of having at least two pigs. Further, the number of motorbikes has a positive effect on
the indigenous pig production. This is because motorbikes are important transport means
of the local people in the region. Governmental supports through the national program on
sustainable poverty reduction to the poor households in terms of technical services and
breeds tend to have significant effects on having at least two indigenous pigs, but it is not
significant for increasing the number of pigs. There is a lack of support for the poor with a
high number of pigs. At the village level, farmers with better road conditions in the villages
and communes are more likely to have pigs since it is easier for farmers to buy inputs and
sell outputs of pig production. The distance from home to the nearest agricultural input
shop in the commune and district has negative effects on the number of pigs. It means that
for farm households living closer to the nearest agricultural input shop producing pigs is
more convenient because the inputs for their production is more accessible. In addition,
agricultural input shops in the rural and mountainous areas in Vietnam are also the places
where farm households not only purchase inputs and sell outputs of pig production but also
to exchange information and technical knowledge between farmers and other stakeholders.

The results also showed that the availability of irrigation supports the development of
indigenous pig production since pig farmers use crop by-products as feed for pig produc-
tion. This is important as pig production and crop production are complementary and con-
tribute to reducing production wastes and production costs. However, the share of house-
holds with access to national electricity has negative effects on the number of pigs. The
households with better access to national electricity might have more opportunities to find
an off-farm job. Our findings were consistent with most of the previous studies on livestock
assets in general and on pig assets in particular (e.g., Andersson et al., 2011; Katagame
et al., 2017; Do et al., 2019).

4 Conclusion
Analysis of the cross-sectional data gathered from the four provinces in the Northern
mountains of Vietnam showed how indigenous pig production reduces poverty among

ultra-poor ethnic minority households using the propensity score matching method
and the factors influencing indigenous pig assets using generalized Poisson, negative
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Table 6 Determinants of ethnic minority households’ indigenous pig production

Variable Generalized poisson Negative binomial regres- Binary logistic regres-
regression sion sion
Coefficient Robust Coefficient Robust Coefficient Robust
standard standard standard
error error error

Human capital

ethnic 0.108 0.145 0.074 0.148 0.186 0.268
gender 0.142 0.216 0.188 0.222 —-0.072 0.397
age 0.005 0.006 0.007 0.006 0.008 0.013
education 0.037 0.061 0.033 0.055 0.040 0.107
hh_labor 0.054 0.073 0.029 0.062 -0.112 0.141
hh_size -0.008 0.049 -0.012 0.046 —0.060 0.094
Natural capital

farm_land_size 0.020 0.166 0.161 0.157 0.272 0.273
perennial_land_size 0318 0.239 0.545 0.345 0.345 0.630
Social capital

SPO 0.145 0.155 0.217 0.157 0.190 0.296
Policy 0.054 0.126 —0.007 0.126 0.450" 0.264
mobile 0.055 0.070 0.041 0.064 0.128 0.133
Physical capital

motorbike 04517 0.113 0.424™ 0.110 0.887"" 0.249
Financial capital

access_credit 0.234" 0.135 0.282" 0.133 0.264 0.284
Shocks

weather_shock -0.020 0.063 —0.009 0.057 0.081 0.095
health_shock 0.008 0.111 —0.008 0.110 0.259 0211
other_shock —-0.035 0.068 —0.040 0.068 —0.110 0.135
Village variables

road_type 0.343™ 0.159 0.321" 0.160 0.596" 0.350
distance_shop —-0.010"  0.004 —-0.014™"  0.005 —0.020"  0.009
watersys 0.017" 0.006 0.015" 0.005 0.024™ 0.011
electricity —0.845™"  0.156 —0.745""  0.156 —1.388"  0.330
Province variables

Son La —1.430""  0.246 —1.618"" 0252 —2.508""  0.482
Lai Chau —2.283""  0.301 —2.272""  0.307 -3.675""  0.570
Cao Bang -0.530"  0.222 -0.739""  0.221 -1.206"  0.470
Constant —-0.732 0.599 -0.557 0.592 -1.056 1.230
Number of observations 495 495 495

Wald chi?(23) 227.64 180.97 95.66

Prob > chi? 0.000 0.000 0.000

Pseudo R? 0.131 0.112 0.219

# ok kkkGionificant at 10%, 5%, and 1%, respectively; robust standard errors clustered at the household
level
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binomial, and binary logistic regressions. The findings indicated that having indige-
nous pigs significantly improve household income. However, producing less than two
pigs has only a significant effect on the total household income, but insignificant effect
on poverty reduction. For significant effects on both income increase and poverty
reduction, households need to have at least two indigenous pigs. Other factors posi-
tively affecting indigenous pig production include the number of motorbikes, access to
credit, support from the governmental poverty reduction policy/programs, road condi-
tions, and the availability of an irrigation system. However, the distance from home to
the nearest agricultural input shops and the access to the national electricity at the vil-
lage had negative effects on indigenous pig production.

Our findings lead to several important implications. First, ultra-poor ethnic minor-
ity households should be supported to have at least two indigenous pigs. The government
should also support a package of services for technical know-how through practical exten-
sion and training for the poor to help them cope with pig production constraints. There
are some tentative interventions proposed to improve the pig production efficiency of the
ultra-poor such as the utilization of agricultural by-products for pig feeds, capacity build-
ing in health care services, adoption of scientific breeding, use of artificial insemination,
proper use of pig by-products, establishment and expansion of the common interest groups
in indigenous pig production for information and knowledge sharing, and coordination
in the use of inputs and selling products, application of simple processing techniques to
produce various pork products and development of indigenous pork value chain. Second,
rural irrigation systems should be developed and the input supply shops should be estab-
lished. These can bring indirect benefits through the effects on crop production as well as
crop—pig production systems. The combined productivity growth in pig and crop produc-
tion has been a strategy to improve the welfare of the ultra-poor ethnic minorities in many
smallholder systems. Third, road infrastructure in the commune and village levels should
be paid more attention to and improved in the future to help the poor have better access to
the market and sell their agricultural products with higher value. Particularly, roads can
connect not only within communes/villages but also among districts and provinces in the
region. Finally, promoting ethnic minority households to access credit could help them to
cope with shocks and provide opportunity to invest more in pig production which might
lead to reducing poverty.

Appendix

See Tables 7, 8, 9, 10, 11; ; Fig. 3.
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Table 8 Name and definition of the variables in the regression models

Variable Definition Scale

Dependent variables

Q 1 if the household has pig production, 0 otherwise Binomial

Y No. of pigs of the household Metric

Independent variables

Household level

Human capital

Ethnic Ethnicity of household head (1 = Very minority group; 0=oth- Binomial
erwise)

Gender Gender of household head (1 =male; 0= otherwise) Binomial

Age Age of household head Metric, in years

Education No.of years in school of household head Metric, in level

hh_labor No. of household laborers Metric

hh_size Household size in persons Metric

Natural capital
farm_land_size
perennial_land_size
Social capital

SPO

Policy

Mobile
Physical capital
Motorbike
Financial capital
access_credit
Shocks
weather_shock
health_shock
other_shock
Village level
road_type
distance_shop
irri_system
electricity
Province level
Son La

Lai Chau

Cao Bang

Farm land area of household in ha

Perennial land area of household in ha

No. of social/political groups

If the household received the supports from the governmental
poverty reduction programs (1 =yes; 0=otherwise)

No. of mobile phones of household

No. of motorbikes of household

If households with access to credit (1 =yes; 0=otherwise)

No. of weather shocks during the last three years
No. of health shocks during the last three years
No. of other shocks during the last three years

Accessible to the village all time (1 =yes; 0=otherwise)
Distance from home to the nearest agricultural input shops
Share of irrigated farmland area/total farmland area

If households with access to electricity (1 =yes; 0=otherwise)

If household in Son La province (1 =yes; 0=otherwise)
If household in Lai Chau province (1 =yes; 0 =otherwise)

If household in Cao Bang province (1 =yes; 0=otherwise)

Metric, in ha

Metric, in ha

Metric
Binomial

Metric

Metric

Binomial

Metric
Metric
Metric

Binomial
Metric, in km
Metric, in %

Binomial

Binomial
Binomial

Binomial
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Table 9 Pig production in the Northern mountains of Vietnam, in period of 2014-2018

Study area  Indicators Unit 2014 2015 2016 2017 2018 Average
annual growth
rate (%)

Cao Bang Head count 1,000Heads 3794 3778 3448 340.6  360.6 (1.26)

Living 1,000Tonnes 23.9 27.1 29.7 26.8 28.0 4.02
weight

Ha Giang Head count  1,000Heads 460.2 4854 490.7 4854 548.7 4.50

Living 1,000Tonnes 21.6 23.1 26.0 27.3 28.7 1.32
weight

Son La Head count  1,000Heads 5144 5303 559.0 5535 5825 3.16

Living 1,0000Tonnes 333 35.1 38.9 45.6 475 934
weight

Lai Chau Head count  1,000Heads 179.4  185.1 199.4 1947 2094 3.94

Living 1,000Tonnes 79 8.4 9.1 9.7 10.2 6.61
weight

Whole Head count  1,000Heads 6,626.3 6,841.5 7,175.5 6,786.8 7,120.2 1.81

region

Source: GSO (2019)
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Table 10 Multicollinearity test

Variable VIF 1/VIF
Human capital

Ethnic 1.31 0.76
Gender 1.20 0.83
Age 1.43 0.70
Education 1.34 0.75
hh_labor 2.17 0.46
hh_size 1.93 0.52
Natural capital

farm_land_size 1.67 0.60
perennial_land_size 1.21 0.83
Social capital

SPO 1.38 0.72
Policy 1.31 0.76
mobile 1.84 0.54
Physical capital

Motorbike 1.39 0.72
Financial capital

access_credit 1.35 0.74
Shocks

weather_shock 1.38 0.72
health_shock 1.19 0.84
other_shock 1.24 0.81
Village variables

road_type 3.2 0.31
distance_shop 2.8 0.36
irri_system 2.44 0.41
electricity 1.45 0.69
Province variables

SonLa 3.58 0.28
LaiChau 3.17 0.32
CaoBang 3.73 0.27
Mean 1.90
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Basic case Case 1 Case 2
T T T T T T T T T T T T T T T T T T
0 2 4 .6 .8 1 0 2 4 .6 .8 1 0 2 4 .6 .8 1
Propensity Score Propensity Score Propensity Score

I Untreated I Treated: On support
I Treated: Off support

Fig.3 Propensity score distribution and common support for propensity score estimation by groups.
Note: “Treated: on support” presents the households with pig production that have a suitable match, while
“Treated: off support” presents the households with pig production that do not have a suitable match, and
“Untreated” presents the households without pig production. Basic case is that the group of households
with pig production is treatment and the group of households with no pig production is control. Case 1 is
that the group of households with more than one pig is treatment and the other households group is control.
Case 2 is that the group of households with more than two pigs is treatment and the other households group
is control

Acknowledgments We gratefully acknowledge the financial support from the Vietnam Committee for Eth-
nic Minority Affairs for the research project entitled “Major solutions for sustainable poverty reduction in
ethnic minority and mountainous regions of Vietnam by 2030” (CTDT.43.18/16-20 under the CTDT/16-20
program).

Funding The financial support for this study was funded by the Vietnam Committee for Ethnic Minority
Affairs.

Availability of data and materials The data could be provided upon request.
Code availability Codes (do-files for STATA 15) could be provided upon request.
Declaration

Competing interest The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

@ Springer



N.-N. Ho et al.

References

Abadie, A., & Imbens, G. (2008). On the failure of the bootstrap for matching estimators. Econometrica, 76,
1537-1557.

Andersson, C., Mekonnen, A., & Stage, J. (2011). Impacts of the productive safety net program in Ethiopia
on livestock and tree holdings of rural households. Journal of Development Economics, 94, 119-126.

Ashley, C., & Carney, D. (1999). Sustainable livelihoods: Lessons from early experience. . Department for
International Development.

Baltenweck, 1., Thinh, N.T., Nga, N. T. D., Hung, P.V.,, Nhuan, N.H., Huyen, N.T.T., Lapar, M.L., & Teufel,
N. (2018). Assessing competitiveness of smallholder pig farming in the changing landscape of North-
west Vietnam. ILRI Research Report 52. Nairobi, Kenya: ILRI.

Banerjee, A., Duflo, E., Goldberg, N., Karlan, D., Osei, R., Parienté, W., Shapiro, J., Thuysbaert, B., &
Udry, C. (2015). A multifaceted program causes lasting progress for the very poor: Evidence from six
countries. Science, 348(6236), 1260799.

Baulch, B., Pham, H. T., & Reilly, B. (2012). Decomposing the ethnic gap in rural Vietnam, 1993-2004.
Oxford Development Studies, 40(1), 87-117.

Baulch, B., Hoa, N. T. M., Phuong, N. T. T., & Hung, P. T. (2011). Ethnic minority poverty in Vietnam. In
N. Thang (Ed.), Poverty vulnerability and social protection in Vietnam: Selected issues. (pp. 101-165).
Vietnam Academy of Social Sciences.

Baulch, B., Chuyen, T. T. K., Haughton, D., & Haughton, J. (2007). Ethnic minority development in Viet-
nam. The Journal of Development Studies, 43(7), 1151-1176.

Bierkamp, S., Nguyen, T.T., & Grote, U. (2021). Environmental income and remittances: Evidence from
rural central highlands of Vietnam. Ecological Economics, 179, 106838.

Berliner, T., Thanh, D.K., & McCarty, A. (2013). Inequality, Poverty Reduction and the Middle-income
Trap in Vietnam. Commissioned and funded by the EU Delegation to Vietnam. http://mekongecon
omics.com/dev/images/stories/FILE%20PUBLICATIONS/EU%20Blue%20Book.pdf. Accessed 09
January 2016.

Carney, D. (1998). Implementing the sustainable rural livelihoods approach. Pages 3-23 in Sustainable
Rural Livelihoods: What Contribution Can We Make? D. Carney, ed. Department for International
Development, London, UK.

Caliendo, M., & Kopeinig, S. (2008). Some practical guidance for the implementation of propensity score
matching. Journal of Economy Survey, 22, 31-72.

Dang-Nguyen, T. Q., Tich, N. K., Nguyen, B. X., Ozawa, M., Kikuchi, K., Manabe, N., Ratky, Z., Kanai, Y.,
& Nagai, T. (2010). Introduction of various Vietnamese indigenous pig breeds and their conservation
by using assisted reproductive techniques. Journal of Reproduction and Development, 56, 31-35.

Deka, R., Thrope, W., Lucila Lapar, M., & Kumar, A. (2007). Assam’s pig subsector: Current status,
constraints and opportunities. . ILRI.

Delgado, C., Rosegrant, M., Steinfield, H., Ehui, S., & Courbois, C. (1999). Livestock to 2020. The next
food revolution. Food, agriculture and the environment discussion paper 28. . Washington: Interna-
tional Food Policy Research Institute.

Do, T. L., Nguyen, T. T., & Grote, U. (2019). livestock production, rural poverty, and perceived shocks:
Evidence from panel data for Vietnam. The Journal of Development Studies, 55(1), 99—-119.

Do, T.L, Ho, N.N., Tran, D.T., & Nguyen, X.T. (2020). Does cattle production contribute to improv-
ing welfare of poor ethnic minority households in Central Vietnam? Livestock Research for Rural
Development. Volume 32, Article #161. Retrieved November 2, 2020, from http://www.lrrd.org/
Irrd32/10/thaok32161.html.

Do, T. L., Nguyen, T. T., & Grote, U. (2021). Livestock production and income inequality in rural Viet-
nam. Empirical Economics. https://doi.org/10.1007/s00181-021-02022-6.

Dong, H. S., Vinh, N. T., & Lan, C. N. (2005). Report on main challenges in growth and poverty reduction
in the Northern mountain region of Vietnam. Evaluation report of the Development Strategy Institute,
Ministry of Planning and Investment. Hanoi.

Duc, L. T. (2019). Multidimensional poverty in Viet Nam: Sustainable poverty reduction 2016-2020. Mul-
tidimensional Poverty Peer Network, Dimensions, Number 8, December 2019. Retrieved from https://
mppn.org/multidimensional-poverty-viet-nam/. Accessed 10 January 2020.

GSO (2019). Statistical year book of Vietnam in 2019. General Statistical Office of Vietnam.

Government of Vietnam (2019). Report on Implementation of policies, laws about the National Targeted
Program on Stainable Poverty reduction in ethnic minority and mountainous areas of Vietnam for
period of 2012-2018. Report number 255/BC-CP, Hanoi.

Gujarati, D. N. (2004). Basic econometrics. . Fourth Edition.

@ Springer


http://mekongeconomics.com/dev/images/stories/FILE%20PUBLICATIONS/EU%20Blue%20Book.pdf
http://mekongeconomics.com/dev/images/stories/FILE%20PUBLICATIONS/EU%20Blue%20Book.pdf
http://www.lrrd.org/lrrd32/10/thaok32161.html
http://www.lrrd.org/lrrd32/10/thaok32161.html
https://doi.org/10.1007/s00181-021-02022-6
https://mppn.org/multidimensional-poverty-viet-nam/
https://mppn.org/multidimensional-poverty-viet-nam/

Indigenous pig production and welfare of ultra-poor ethnic...

Johannesen, A. B., & Skonhoft, A. (2010). Livestock as insurance and social status: Evidence from Rein-
deer Herding in Norway. Environmental and Resource Economics, 48, 679-694.

Herrero, M., Grace, D., Njuki, J., Johnson, N., Enahoro, D., Silvestri, S., & Rufino, M. C. (2013). The roles
of livestock in developing countries. Animal, 7, 3—18.

Hoddinott, J. (2006). Shocks and their consequences across and within households in rural Zimbabwe. Jour-
nal of Development Studies, 42, 301-321.

Huyen, L. T. T., Duteurtre, G., Cournut, S., Messad, S., & Hostiou, N. (2019). Diversity and sustainabil-
ity of pig farm types in the northern mountains of Vietnam. Tropical Animal Health and Production,
51(8),2583-2593.

Imai, K. S., Gaihe, R., & Kang, W. (2011). Poverty, inequality and ethnic minorities in Vietnam. Inter-
national Review of Applied Economics, 25(3), 249-282.

Katagame, A., Fanani, Z., & Nugroho, B. A. (2017). Income contribution of pig livestock toward poverty
reduction and factors influencing pig farming in mimika papua. Journal of Agriculture and Veterinary
Science, 10(1), 11-15.

Kazianga, H., & Udry, C. (2006). Consumption smoothing? Livestock, insurance and drought in rural
burkina faso. Journal of Development Economics, 79, 413-446.

Lamke, U., Kaufmann, B., Thuy, L. T., Emrich, K., & Valle Zarate, A. (2007). Evaluation of biological
and economic efficiency of smallholder pig production systems in North Vietnam. Tropical Animal
Health and Production, 39, 237-254.

Lipton, M. (1986). Seasonality and ultra-poverty. IDS Bulletin, 17(3), 4-8. https://doi.org/10.1111/j.
1759-5436.1986.mp17003002.x.

Marston, A., & Grady, H. (2014). Tackling ultra-poverty through the graduation approach: Situating sus-
tainable livelihoods in the Landscape of Social Protection and Safety Nets. Retrieved from https://
socialprotection.org/discover/publications/tackling-ultra-poverty-through-graduation-approach-
situating-sustainable.

Mogues, T. (2011). Shocks and asset dynamics in Ethiopia. Economic Development and Cultural
Change, 60, 91-120.

MOLISA (2019). Results of multidimensional poverty rate of households in 2018, the Decision No.
1052/QD-LDTBXH issued by the Ministry of Labour- Invalids and Social Affairs of Vietnam in
July 29, 2019.

Murphy, S. P., & Allen, L. H. (2003). Nutritional importance of animal source foods. Journal of Nutri-
tion, 133, 3932S-3935S.

Ness, B., Urbel-Piirsalu, E., Anderberg, S., & Olsson, L. (2007). Categorizing tools for sustainability
assessment. Ecological Economics, 60, 498-508.

Nguyen, C. V., Tran, T. Q., & Van Vu, H. (2017). Ethnic minorities in northern mountains of Vietnam:
Employment, poverty and income. Social Indicators Research, 134, 93-115.

Nguyen, T. T., Bauer, S., & Grote, U. (2016). Does land tenure security promote manure use by farm
households in Vietnam? Sustainability, 8, 178.

Nguyen, T. T., Do, T. L., Biihler, D., Hartij, R., & Grote, U. 2015. Rural livelihoods & environmental
resource dependence in Cambodia. Ecological Economics, 120, 282-295. https://doi.org/10.1016/].
ecolecon.2015.11.001.

Nguyen, T. T., Do, T. L., & Grote, U. (2018). Natural resource extraction and household welfare in rural
Laos. Land Degradation and Development, 29, 3029-3038.

Nguyen, T.T., Tran, T., Nguyen, T-T., & Grote, U. (2021). Farming efficiency, cropland rental market
and income effect: Evidence from panel data for rural Central Vietnam. European Review of Agri-
cultural Economics, 48, 207-248.

Nguyen, T. T., Do, T. L., Halkos, G., & Wilson, C. (2020). Health shock and natural resource extraction:
A cambodian case study. Ecological Economics, 169(2020), 106517.

Pham, H., Le, T., & Nguyen, C. (2011). Poverty of the ethnic minorities in Vietnam: Situation and
challenges from the P135-I1 communes. Research report for State Committee for Ethnic Minority
Affairs of Vietnam and United Naitons Development Program, Hanoi, Vietnam.

Petrus, N. P., Mpofu, L., Schneider, M. B., & Nepembe, M. (2011). The constraints and potentials of pig
production among communal farmers in Etayi Constituency of Namibia. Livestock Research for
Rural Development. Volume 23, Article #159. Retrieved April 5, 2020, from http://www.lrrd.org/
Irrd23/7/petr23159.htm.

Tuyen, T. Q. (2014). Determinants of nonfarm participation among ethnic minorities in the Northwest
Mountains, Vietnam. MPRA Working Paper 59185. Retrieved from http://mpra.ub.uni-muenchen.
de/59158/.

Tran, Q. T. (2016). Income sources and inequality among ethnic minorities in the Northwest region Viet-
nam. Environment, Development and sustainability, 18(4), 1239-1254.

@ Springer


https://doi.org/10.1111/j.1759-5436.1986.mp17003002.x
https://doi.org/10.1111/j.1759-5436.1986.mp17003002.x
https://socialprotection.org/discover/publications/tackling-ultra-poverty-through-graduation-approach-situating-sustainable
https://socialprotection.org/discover/publications/tackling-ultra-poverty-through-graduation-approach-situating-sustainable
https://socialprotection.org/discover/publications/tackling-ultra-poverty-through-graduation-approach-situating-sustainable
https://doi.org/10.1016/j.ecolecon.2015.11.001
https://doi.org/10.1016/j.ecolecon.2015.11.001
http://www.lrrd.org/lrrd23/7/petr23159.htm
http://www.lrrd.org/lrrd23/7/petr23159.htm
http://mpra.ub.uni-muenchen.de/59158/
http://mpra.ub.uni-muenchen.de/59158/

N.-N. Ho et al.

UNDP (2018). Multidimensional poverty in Vietnam: Reducing poverty in all its dimensions to ensure a
good quality life for all. Retrieved from https://www.vn.undp.org/content/vietnam/en/home/library/
poverty/MDPR .html.

Van de Walle, D., & Gunewardena, D. (2001). Sources of ethnic inequality in Vietnam. Journal of Develop-
ment Economics, 65(1), 177-207.

World Bank. (2012). 2012 Vietnam poverty assessment—well begun, not yet done: Vietnam’s remarkable
progress on poverty reduction and the emerging challenges. . The World Bank.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Authors and Affiliations

Ngoc-Ninh Ho'® - Truong Lam Do’ - Dinh-Thao Tran' - Trung Thanh Nguyen?

Truong Lam Do
dtlam @vnua.edu.vn

Dinh-Thao Tran
thaoktl @vnua.edu.vn

Trung Thanh Nguyen

thanh.nguyen @iuw.uni-hannover.de

Faculty of Economics and Rural Development, Vietnam National University of Agriculture, PO
Box 131000, Hanoi, Vietnam

Institute for Environmental Economics and World Trade, Leibniz University Hannover,
Konigsworther Platz 1, 30167 Hannover, Germany

@ Springer


https://orcid.org/0000-0002-0946-9812
https://orcid.org/0000-0003-4507-724X
https://www.vn.undp.org/content/vietnam/en/home/library/poverty/MDPR.html
https://www.vn.undp.org/content/vietnam/en/home/library/poverty/MDPR.html

	Indigenous pig production and welfare of ultra-poor ethnic minority households in the Northern mountains of Vietnam
	Abstract
	1 Introduction
	1.1 Study area and data collection

	2 Data analysis
	2.1 Conceptual framework
	2.2 Evaluating the impact of pig production on household welfare
	2.3 Identifying the determinants of indigenous pig production

	3 Results and discussion
	3.1 Description of household pig production groups
	3.2 Pig production in the study areas and sampled households
	3.3 Impact of indigenous pig production on the welfare of ultra-poor households
	3.4 Determinants of indigenous pig production of the ethnic minority households

	4 Conclusion
	Acknowledgments 
	References




