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Does irrigation development mitigate weather extremes’ impacts and

reduce poverty? Evidence from rural Southeast Asia

Manh Hung Do!, Trung Thanh Nguyen'~

Abstract

Water is critical for agriculture in developing countries and climate change has created extreme
weather events that push farmers into poverty. In this study, we first examine the role of year-
round irrigation at village level in ensuring irrigation at household level and helping farmers to
cope with weather shocks. We then investigate the effects of irrigation on crop farming efficiency,
income, and poverty of rural households. We use a panel dataset of 1,681 households in Thailand
and 1,699 households in Vietnam collected in 2010, 2013, and 2016 with a total number of 10,140
observations. Our results show that the availability of year-round irrigation at village level
positively and significantly increases the share of irrigated land areas at household level. Besides,
weather shocks significantly decrease crop farming efficiency and an improvement in irrigation
has a positive effect on farming efficiency. Further, an increase in irrigated land share at
household level increases crop income and total household income, and decreases poverty. Our
results suggest that making irrigation water available throughout the year is needed for farmers to
cope with extreme weather events and to escape from poverty. This should be done by developing

infrastructure for ensuring year-round irrigation.
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1. Introduction

Water is essential for life and underpins socio-economic development. Managing water
resources is becoming increasingly critical in emerging economies in Asia such as Thailand
and Vietnam, which have rapid economic and population growth, but also face with a changing
climate. In these countries, although the contribution of the agricultural sector to the gross
domestic product (GDP) has been decreasing, the sector is still very important. In a recent Asian
development outlook, the Asia Development Bank (ADB) points out that agriculture employs
more than 40% of the population in South Asia (ADB, 2020a). However, agriculture is also
known as one of the largest water consumers, for example, it uses about 80% of Asia’s
freshwater (ADB, 2020a). It is widely known that water is becoming scarcer and thus using
water more efficiently is essentially needed. Addressing this challenge is even more difficult in
the context of climate change (Balasubramanya et al., 2022; Tortajada and Biswas, 2022).
Extreme weather events such as droughts and floods seem to be more frequent and severe due
to climate change (Nguyen et al., 2020). As agriculture is a weather sensitive sector, these
events not only pose a threat to sustainable water management (Aryal et al., 2021; Kim et al.,
2019; McNamara et al., 2021), but also destroy crop and livestock production (Nguyen,
Nguyen, Do et al., 2022). As a consequence, it negatively affects global food security.

Irrigation has been found to be significant for improving agricultural productivity and crop
income, ensuring food security, and eradicating poverty (Dillon, 2011; Huang et al., 2006;
Hussain, 2007; Kandulu & Connor, 2017; Lipton et al., 2003; Senaratna Sellamuttu et al., 20" °
Smith, 2004; Tesfaye et al., 2008; Tortajada, 2014). It also helps farmers cope with weatner
shocks induced by climate change (Marie et al., 2020). Therefore, investing in irrigation is
important and has been a priority of many governments in the Global South (Muller et al., 2015;
Tortajada et al., 2022). However, the focus is mainly on making access to water for irrigation
available to farmers. Evidence on the role of year-round irrigation in coping with extreme
weather events is rare. Furthermore, studies on the impact of irrigation have paid more attention
to partial productivity measures (e.g., crop output or revenue per hectare) (Dillon, 2011; Huang
et al., 2006; Hussain, 2007; Kandulu & Connor, 2017; Smith, 2004), while evidence on the

effect of irrigation on farming technical efficiency is much less studied.

Against this background, this study aims to fill the above research gaps by answering the
following research questions (i) Does year-round irrigation at village level play a significant

role in increasing irrigated land area at household level in the context of weather shocks? (i)

4



What are the effects of irrigation on farming efficiency? and (iii) How does irrigation affect
households’ income and poverty? We contribute to the literature by providing empirical
evidence on the role of year-round irrigation at village level for rural households to cope with
weather shocks and on the effects of irrigation at household level on crop farming efficiency,
income, and poverty. The evidence is vital for stimulating policies and investments regarding
the development of irrigation at local levels. Our hypotheses are that year-round irrigation at
village has a positive and significant association with household’s irrigation and that better
irrigation has a positive and significant effect on crop farming efficiency, income, and poverty
reduction. We use a panel dataset and employ a fixed-effects with instrumental variable (IV)
approach to address the problems of unobserved heterogeneity and endogeneity in impact

assessment.

We focus on Thailand and Vietnam because of the following reasons. First, they are among the
most affected countries by climate change (Eckstein et al., 2020; Nguyen & Nguyen, 2020).
Second, they belong to the Southeast Asian region where the demand for water in agriculture
is relatively high (ADB, 2020a). Third, they are emerging economies experiencing rapid
economic growth, but the large majority of their population are living in rural areas and
engaging in agricultural production (Nguyen et al., 2021). Within these countries, the Northeast
of Thailand and the Central of Vietnam are characterized by high dependency on agriculture
(and crop production in particular), high exposure to weather shocks, and low development of
agricultural infrastructure (Hardeweg et al., 2013; Nguyen et al., 2020; Poggi, 2019;
Suebpongsang et al., 2020). Last, poverty rates in these countries are decreasing but are still
high at more than 6% at the national poverty lines (World Bank, 2022). Our study is thus
expected to provide useful implications for policy makers in developing countries to formulate
policy responses for enhancing irrigation development to improve production efficiency,

increase income, and reduce poverty.

2. Literature review

Extreme weather events such as droughts and floods seem to be more frequent and severe due
to climate change (Hamududu & Ngoma, 2020; Kaini et al., 2021). They negatively affect rural
households’ income from farm and non-farm sources and further push these households into
poverty (Nguyen et al., 2020). Thus, the availability of year-round irrigation provides rural
households with an access to water for agricultural production and mitigates the impacts of

these extreme weather events. Access to irrigation is key for rural households to improve their



livelihood strategies (Ashley & Carney, 1999; Blakeslee et al., 2023; Nguyen et al., 2017;
Senaratna Sellamuttu et al., 2014).

Irrigation has been found to be significant for improving agricultural productivity and crop
income, ensuring food security, and eradicating poverty (Blakeslee et al., 2023; Dillon, 2011;
Huang et al., 2006; Hussain, 2007; Kandulu & Connor, 2017; Smith, 2004; Tesfaye et al.,
2008). Besides, irrigation provides employment opportunities for surplus labor (Hussain &
Hanjra, 2004) and helps farmers cope with weather shocks caused by climate change (Marie et
al., 2020). Among these effects, the nexus between irrigation, agricultural production, and
poverty have been widely studied because of its diverse effects on the poor (Lipton et al., 2003).
The development of irrigation can bring substantial benefits to rural regions by raising

agricultural productivity and increasing the wealth of rural villages (Blakeslee et al., 2023).

Although the literature related to irrigation is rich, there are still some important research gaps.
First, evidence on the role of year-round irrigation in coping with extreme weather events is
vital for stimulating policies and investments regarding the development of irrigation system at
local levels. Climate-driven changes in precipitation and drought patterns have an effect on the
availability of water and cause water scarcity (Kaini et al., 2021; Malek et al., 2018).
Furthermore, the demand for higher agricultural productivity leads to an increasing demand for
water and growing conflicts among water users (Lenton, 1994). This leads to an implication
that investments in irrigation development to just provide access to irrigation are not enough,
but these investments should also ensure the availability of water throughout the year under the
context of adverse weather shocks. However, evidence on the role of year-round irrigation in

coping with extreme weather events is rare.

Second, studies on the impact of irrigation have paid more attention to partial productivity
measures (e.g., output per hectare) and crop revenue, while empirical evidence on the effect of
irrigation on farming technical efficiency is rather scarce (Huang et al., 2006; Hussain &
Hanjra, 2004; Mdemu et al., 2017). At farm level, better irrigation may result in better yields,
but it may also be accompanied by increased costs (Ho et al., 2022; Huang et al., 2006). Thus,
to what extent an improvement in irrigation leads to an increase of crop farming efficiency is

an important question that needs to be answered.

Third, evidence on the effects of irrigation on poverty appears to be mixed. On the one hand,

some studies find that irrigation helps increase income and reduce poverty (Dillon, 2011; Huang



et al., 2006; Kandulu & Connor, 2017). On the other hand, it has been found that rural
households have still been trapped into poverty, even though they have access to irrigation
(Senaratna Sellamuttu et al., 2014), or there are possible negative impacts on the poor caused
by irrigation (Lipton et al., 2003). Moreover, most of the studies on the association between
irrigation and poverty rely on income data to measure poverty. This income-based poverty

measure has many disadvantages (Smith, 2004; World Bank, 2020).

Last, some of the previous studies on the impact of irrigation on poverty employed cross-
sectional data or research methodologies that cannot address the problems of unobserved
heterogeneity and endogeneity. The use of cross-sectional data might not well reflect the impact
of irrigation because investments in irrigation are long-term (Lenton, 1994). The adoption of
irrigation at household level is apparently endogenous (Koundouri et al., 2006; Parry et al.,
2020). Consequently, studies that do not address the endogenous aspect of irrigation might

culminate in biased results.

3. Study sites and data description

3.1 Study sites and sample

We use the data from the “Thailand - Vietnam Socio-Economic Panel (TVSEP): Poverty
dynamics and sustainable development” funded by the German Research Foundation (see
www.tvsep.de for more information). The objective of this project is to provide a better
understanding of socio-economic development and vulnerability to poverty dynamics in the
rural areas of these two emerging economies (Hardeweg et al., 2013). The sampling procedure
for data collection is based on the guidelines of the Department of Economic and Social Affairs
of the United Nations (UN, 2005) and includes the following steps. First, three provinces in
Northeast Thailand (Ubon Ratchathani, Nakhon Phanom, and Buriram) and three provinces in
Central Vietnam (Ha Tinh, Thua Thien Hue, and Dak Lak) were selected as the TVSEP’s study
sites (Figure 1). These three provinces were chosen based on their high reliance on agriculture,
a low average per capita income, and poor infrastructure. Second, sampled communes in these
provinces were selected based on the population share. Third, two villages per commune were
sampled proportionally to the size of the population in the commune. Last, a fixed sample of
ten households from each sampled village was randomly selected with equal probability
selection. This procedure resulted in a sample of 440 villages and 4,400 households in these

two countries.
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Figure 1. Study sites of the TVSEP project in Thailand and Vietnam (source: Nguyen et al. (2020))

The TVSEP project uses two survey instruments to collect information at household and village
levels, namely a structured household questionnaire and a structured village questionnaire. The
household questionnaire includes a wide range of information such as household demographic
characteristics (e.g., age, education, employment, and health status), household’s income and
livelihood strategies (e.g., crop and livestock production, natural resource extraction, wage-
employment, and self-employment), household’s consumption, household’s assets, and shock
experience. The reference period is normally from May of the previous year to April of the
survey year. For each sampled household, the household head was interviewed. The village
questionnaire captures the information at village level such as irrigation (if year-round irrigation
is available, and the water sources of year-round irrigation), infrastructure (such as road
quality), and the distances from the villages to the closest markets, to district centers, and to
provincial centers (see Table Al in the supplemental data for definition and measurement of
variables at household and village levels). For each sampled village, the village head was

interviewed.

In this study, we use a balanced panel dataset of 3,380 households (1,681 from Thailand and
1,699 from Vietnam) from 440 villages surveyed in three years (2010, 2013, and 2016) since



they provide an equal time gap between the survey waves and have adequate data at village
level. Hence, the final sample includes 10,140 observations from two countries for the years of

2010, 2013, and 2016.

Besides the TVSEP data, we employ the precipitation data from the Tropical Rainfall
Measuring Mission (TRMM). This is a joint mission of the National Aeronautics and Space
Administration (NASA) and the Japan Aerospace Exploration Agency (JAXA). The
precipitation data from TRMM is spatial with a 0.25° x 0.25° resolution and temporal with
daily and 3-hourly records (see Kummerow et al. (1998) for the TRMM sensors and data
algorithms). However, the data are only available for the period from 1998 to 2014.

3.2 Data description

Table 1 presents the descriptive summary of household and village characteristics. Panel A of
this table shows the households’ demographic characteristics. In 2010, 28% and 40% of the
households report experiencing at least a weather shock (either a flood, a drought, a landslide,
or a storm) in Thailand and Vietnam, respectively. This share shows an increasing trend in
Thailand when it rises to 33% in 2016. In Vietnam, the exposure to weather shocks drops to
18% in 2013, but it increases again to 23% in 2016. The average age of household heads in our
sample is about 56 years old. In both countries, most of the households are male-headed.
However, the number of households with male heads is decreasing in both countries. The Thai
majority in Thailand and the Kinh majority in Vietnam are predominant in our sample when
they account for 94% and 78% of the sample in Thailand and Vietnam, respectively. The
average number of household members is about four, but it shows a decreasing trend in both

countries over time. The share of laborers increases from about 70% in 2010 to 80% in 2016.

Panel B in Table 1 presents the household’s assets and production. Thai households have a
relatively higher asset value per capita than Vietnamese households. The asset value per capita
of rural households in Thailand increases from PPP$ 1,680 in 2010 to PPP$ 2,700 in 2016,
while that of rural households in Vietnam rises from PPP$ 590 in 2010 to PPP$ 951 in 2016.
The difference in asset values is statistically significant between two countries over time.
Overall, Thai households have more phones and tractors, while Vietnamese households own
more sprayers and pumps. Rural households in Thailand have a larger land size per capita at

1.0 hectare (ha) per person, while this number is only 0.3 ha in Vietnam.



Table 1. Descriptive summary of household and village characteristics

Whole 2010 2013 2016
sample Thailand Vietnam Thailand Vietnam Thailand Vietnam
(n=10140) (1= 1681) (n=1699) (n=1681) (n=1699) (n=1681) (n=1699)

A. Household’s demographic characteristics
Exposure to weather shocks 0.28 0.28 0.40"*b 0.27 0.18"%b 0.33 0.23"*%b
(yes=1) (0.45) (0.45) (0.49) (0.45) (0.38) (0.47) (0.42)
Age of household head 56.04 57.25 50.21"%2 59.34 53.19"%2 61.06 55.27""2
(years) (12.90) (12.35) (12.84) (12.16) (12.77) (11.63) (12.46)
Gender of head (male = 1) 0.77 0.74 0.85""b 0.71 0.83"*"b 0.68 0.80""b

(0.42) (0.44) (0.35) (0.45) (0.38) (0.47) (0.40)
Thai (Thailand) or Kinh 0.86 0.94 0.78"b 0.93 0.78"*b 0.94 0.78""""b
majority (Vietnam) (yes = 1) (0.35) (0.24) 0.41) (0.25) (0.42) (0.24) (0.41)
Household size (persons) 4.02 4.14 434" 3.99 4.062 3.75 3.822

(1.70) (1.73) (1.73) (1.70) (1.72) (1.63) (1.64)
Share of laborers (%) 74.94 70.84 70.64 2 72.03 74.10™"2 83.09 78.98" "2

(23.02) (22.35) (23.15) (22.73) (23.13) (22.00) (21.96)

Schooling years of household 5.87 4.77 6.89""2 4.81 6.87""2 5.12 6.72""2
head (years) (3.48) (2.50) (3.92) (2.63) (3.92) (2.75) (3.93)
Mean schooling years of adult 5.69 6.26 6.142 5.83 5.33"%a 5.41 5.19"2
members (years) (2.66) (2.14) (2.78) (2.39) (2.84) (2.67) (2.90)
B. Household’s assets and production characteristics
Asset value per capita 1531.67 1680.14 590.92"*2 241542 871.73"2 2704.16 951.03""*2
(2005 PPPS$) (3338.55)  (3392.79) (760.80)  (5070.30)  (1359.89)  (4627.48)  (1516.56)
Number of phones 1.67 1.83 1.03"*2 2.10 1.98"2 1.29 1.777%2

(1.31) (1.28) (1.12) (1.41) (1.47) (1.11) (1.10)
Number of tractors 0.46 0.59 0.36""2 0.59 0.427"2 0.57 0.23""

(0.60) (0.61) (0.52) (0.63) (0.60) (0.64) (0.46)
Number of sprayers 0.53 0.26 0.58""2 0.41 0.61""2 0.58 0.72"%2

(0.71) (0.58) (0.54) (0.85) (0.64) (0.83) (0.63)
Number of pumps 0.64 0.48 0.71"2 0.44 0.74"2 0.58 0.87""2

(0.74) (0.73) (0.66) (0.68) (0.70) (0.77) (0.80)
Household land per capita 0.65 0.99 0.25""a 1.13 0.31""2 0.86 0.35""2
(ha) (1.04) (1.18) (0.71) (1.42) (0.65) (1.04) (0.55)
C. Village’s characteristics
Year-round irrigation 0.58 0.32 0.65"b 0.60 0.677"b 0.63 0.60°
(yes=1) (0.49) (0.47) (0.48) (0.49) (0.47) (0.48) (0.49)
Year-round irrigation with 0.20 0.09 0.15*""b 0.30 0.19**"?b 0.29 0.18*"®b
reservoir (yes=1) (0.40) (0.28) (0.35) (0.46) (0.39) (0.45) (0.39)
Year-round irrigation with 0.14 0.04 0.26™"b 0.06 0.217"b 0.06 0.227*b
dam (yes = 1) (0.35) (0.19) (0.44) (0.23) (0.41) (0.23) (0.41)
Having made roads instead of 0.83 0.89 0.67""" 0.97 0.64"*b 0.96 0.89"**b
dirt roads (yes = 1) (0.37) (0.32) (0.47) (0.18) (0.48) (0.20) (0.31)
Share of households with 4.44 1.92 1.91""a 3.46 491" 4.05 10.36™"2
cable internet at home (%) (9.46) (5.02) (6.02) (10.23) (7.86) (7.13) (14.43)
Distance to provincial capital 48.97 57.46 41.35™"2 56.50 38.96""2 61.19 38.65""2
(km) (30.47) (30.40) (26.46) (30.35) (26.10) (33.89) (25.67)
Distance to the closest market 5.96 8.95 2.98""2 8.97 2.98""2 8.98 3.00""2
(km) (6.93) (7.87) (4.40) (7.85) (4.40) (7.34) (4.41)

Notes: Standard deviations in parentheses; *: Two-sample t-test; : Non-parametric two-sample Wilcoxon rank-sum test; ** p<0.01, ** p<0.05,

*p<0.1.

Table 2. Descriptive summary of household’s crop production

Whole

2010

2013

2016
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sample Thailand Vietnam Thailand Vietnam Thailand Vietnam
(n=10140) (=1681) ((Mm=1699) (=1681) @®M=1699) (n=1681) (n=1699)

A. Household’s irrigation

Share of irrigated land area 55.56 26.03 70.60™"2 49.83 79.46"2 30.13 76.65""2
in total land area (%) 40.51)  (38.23) (3738)  (33.20) (28.90)  (34.50) (32.75)
B. Crop’s output and inputs
Output values 2459.56 1278.77  3581.49™"2 1577.54  2766.06""2 1479.70  4041.59™"2
(2005 PPP$/ha) (823431)  (3899.80)  (13172.40) (4448.71)  (5451.45) (5085.83)  (11595.59)
Farming area (ha) 1.62 2.70 0.76""2 2.44 0.86""2 2.19 0.80"""2
@.74)  (10.51) (1.36) (2.64) (2.05) (2.48) (1.43)
Land preparation costs 117.72 99.55 147.82"2 124.92 96.442 106.07 131.30™2
(2005 PPP$/ha) (53722)  (286.78) (838.66)  (657.67) (411.98)  (528.55) (249.85)
Seedling costs 149.97 107.62 169.05%2 119.96 135.87% 92.55 273.427""2
(2005 PPP$/ha) (839.74)  (1203.38) (791.85)  (833.73) (34339)  (539.43)  (1017.60)
Weeding costs 17.41 1.69 15.93*"2 40.71 21.49™"2 343 21.12%"2
(2005 PPP$/ha) (115.07) (13.72) (145.63) (166.66) (138.00) (36.67) (93.84)
Fertilizer costs 472.10 259.92 699.39""2 310.52 715.15™"a 185.40 655.21"*"2
(2005 PPP$/ha) (1203.09)  (120477)  (101843) (1410.80)  (1646.90)  (245.50)  (1064.04)
Pesticide costs 65.67 21.56 94.67""2 31.97 105.65™"2 21.34 117.56™"2
(2005 PPP$/ha) (262.02)  (96.63) (250.61)  (492.57) (21491)  (67.62) (192.41)
Harvesting costs 130.48 101.07 119.15™2 142.83 128.282 135.45 155.96™2
(2005 PPP$/ha) (290.54)  (206.18) Q74.11)  (296.73) (386.15)  (205.85) (326.93)
Irrigation costs 58.98 19.00 85.37""2 35.22 102.59™"2 10.27 100.26™"2
(2005 PPP$/ha) (467.00)  (159.02) (246.20)  (1032.45) (27587)  (94.49) (261.19)
Other costs 50.05 18.61 32.05™2 1.10 36.12™"2 27.87 183.47""2
(2005 PPP$/ha) (655.16) (253.12) (105.15) (32.40) (270.41) (492.46) (1467.06)
Farming laborers (persons) 1.98 2.08 1.99™8 2.01 1.92%"2 1.89 1.972
(1.13) (1.10) (1.17) (1.13) (1.13) (1.14) (1.10)

Notes: Standard deviations in parentheses; *: Two-sample t-test; *** p<0.01, ** p<0.05, *p<0.1.

Panel C of Table 1 depicts the village characteristics. The improvement of year-round irrigation
can be observed in Thailand when the availability of year-round irrigation increases from 32%
in 2010 to more than 60% in 2016. The reason for this increase is because, since 2013, water
irrigation schemes have been developed to supply irrigation water for agricultural land in this
region (Kopolrat et al., 2020). On the other hand, the availability of year-round irrigation in
Vietnamese villages is about 65% and 60% in 2010 and 2016, respectively. In particular, the
year-round irrigation with reservoirs as the major source of irrigation water shows a dramatic
improvement in Thailand and a slight increase in Vietnam. The year-round irrigation with dams
as the major source of irrigation water remains unchanged in Thailand and has a modest
decrease in Vietnam. Besides irrigation-related infrastructure, infrastructure for transportation
and information and communication technology (ICT) has been significantly improved in
Vietnam, especially after 2013. In details, villages having made roads instead of dirt roads
increase from 67% in 2010 to 89% in 2016, and the share of households with cable internet at
home rises from 1.91% in 2010 to 10.36% in 2016 in Vietnam. In Thailand, the figures are
significantly higher for better quality roads, but lower for the share of households with cable

internet at home.
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Table 2 presents the descriptive summary of household’s crop production. Panel A of this table
shows that rural households in Vietnam have a higher share of irrigated land area (more than
70%) than that in Thailand (about 30%). Panel B depicts the output and input use for crop
production. Vietnamese households have a higher crop output than Thai households do. The
values of crop output per ha increase from PPP$ 3,581 in 2010 to PPP$ 4,000 in 2016 in
Vietnam, and from PPP$ 1,280 in 2010 to PPP$ 1,480 in 2016 in Thailand. The difference in
crop output between two countries is statistically significant. The average farming area and
number of farming laborers are higher in Thailand, but Thai households spend less on the other
inputs. This implies a more intensive farming practice in Vietnam. In 2010, the costs for
irrigation are about PPP$ 19 per hectare and PPP$ 85.37 per hectare in Thailand and Vietnam,

respectively.

4. Methodology

In this section, we explain our empirical strategies to examine the correlation of village’s year-
round irrigation with household’s irrigated land area in the context of weather shocks (Sub-
section 4.1), to estimate farming efficiency of crop production and to investigate the effects of
irrigation on farming efficiency (Sub-section 4.2), to measure poverty (Sub-section 4.3), and to

evaluate the impacts of irrigation on income and poverty (Sub-section 4.4).

4.1 Identifying the role of year-round irrigation at village level on irrigation of rural

households

In the first step, we start with the explanation on how we examine the role of year-round
irrigation in defining the irrigation of rural households. We employ a fixed-effects estimation
model to account for unobservable (time invariant) characteristics of households, which can be

specified as follows:
Iie = Bo + B1Sic + B2Y1je + BsH i + BaVije + &t (D

In Equation (1), I;; is share of irrigated land area in total land area of household i at time t. S;;
is a dummy variable representing the exposure to weather shocks (e.g., floods, droughts,
landslides and erosion, and storms in the last 12 months of the reference period). Y1j; is a
dummy variable representing either (i) available year-round irrigation at village level; or (ii)
year-round irrigation with reservoirs as the major source of irrigation; or (iii) year-round

irrigation with dams as the major source of irrigation. H;; is a vector of household variables
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(including age, gender, education level and ethnicity of household heads, household size, share
of laborers, and mean education of adult members, asset value per capita, number of phones,
number of tractors, number of sprayers, number of pumps, and land area per capita). Vj, is a
vector of variables at village level (including having made-roads instead of dirt roads, share of
households with cable internet at home, distance to the provincial capital, and distance to the

closest market). &;j; is the error term.

To examine the coping-against-shock role of year-round irrigation, we include an interaction

term between S;; and Y1, in Equation (1) as:
Iie = Bo + B1Sic + B2Y1Ijp +ySip * Yy + BsHy + BaVj + €51 2

In Equation (2), a positive and significant coefficient of this interaction (y) implies that the
year-round irrigation at village level helps increase the irrigation at household level when
households experience weather shocks. We check for the potential problem of multicollinearity
among independent variables in Equation (1) using variance inflation factor (VIF) values. The
results of VIF values stacked in the first column of Table A2 in the supplemental data show no
signs of this problem. We cluster our estimations at village level to have robust standard errors

and to prevent auto-correlation.
4.2 Examining the effects of irrigation on crop production

In the next step, we investigate the effect of irrigation on farming efficiency. First, we estimate
farming efficiency using a translog form of crop production function due to its inherent
advantages compared to other functional forms such as the Cobb-Douglas production function
(Chamberlin & Ricker-Gilbert, 2016; Nguyen et al., 2021). Since farmers in rural areas often
operate in uncertain environments and are frequently exposed to a wide range of production
risks, the stochastic frontier method (SFM) appears to be more suitable for estimating farming
efficiency. We employ the time-variant stochastic frontier model which can differentiate
between the inefficiency component and unobserved heterogeneity suggested by Greene (2005)

with the true random-effects specification as follows:
Oy = a+w; +f(Xi; 9) —uie + vyt 3)

In Equation (3), Oy, is the output of farming of household i in time t, f(X;s;9) reflects the
production technology of each household consisting of input vectors X;; and their associated
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vectors 9), u; denotes the time-varying inefficiency term (u;~N7*(0,83%) =
N*(0,exp (wyo + Zy ;rwy), Vi represents the random two-sided noise term
((vie~N*(0,62)), and w; (w;z~N*(0,63))is the specific random term that has a time-
invariant characteristic and can capture the specific heterogeneity. w; has a characteristic of an
i.i.d (independent and identically distributed) normal distribution (Abdulai & Tietje, 2007). We

follow the translog specification from Nguyen et al. (2021) to estimate farm efficiency as:
1
n0i = a+ w; + Xy U InXjpm + EZm Y Omn Xy X — wye + vt (4)

In Equation (4), In Oy is the output values (2005 PPPS$ per ha) of household i at time t in natural
logarithm; [nX;; is the vector of inputs of household i at time t in natural logarithm, namely
farming area, land preparation costs, seedling costs, weeding costs, fertilizer costs, pesticide
costs, harvest costs, irrigation costs, other costs, and family farming laborers (all cost indicators
are in PPP$ adjusted to 2005 prices). Furthermore, we use the correlated random-effects (CRE)
model suggested by Mundlak (1978) to address the potential problem of endogeneity caused
by omitted variables (e.g., farms’ unobserved characteristics such as soil quality, climate
conditions, and other ecological indicators) (Gautam & Ahmed, 2019). We normalize all input

Xitm

variables in Equation (4) by generating In(X}},,) = In (=) before estimating the model to

Im
allow us to interpret the estimated coefficients as elasticities at means (Holtkamp & Briimmer,
2017; Nguyen et al., 2021). We employ the maximum likelihood method suggested by Belotti
et al. (2013) to estimate the true random-effects SFM and to predict the farming efficiency (TE)

of household i at time t as:

TE;; = E[exp(—u;) |(vie — Uir)] Q)

Then, the predicted efficiency scores from Equation (5) are included as the dependent variable

of a fixed-effects model to examine the effect of irrigation on farming efficiency as follows:
TE;; = @9+ @1l + @28 + @3Hy + @4V + €54 (6)

In Equation (6), TE;; is the farming efficiency of household i at time t. I;; is the share of
irrigated land area in total land area. S;; is the dummy variable of exposure to weather shocks.
H;; and Vj; are household and village variables as in Equation (1), respectively. €;;; is the error

term.
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There are two concerns regarding the irrigation variable (I;;) in Equation (6). First, we cannot
justify if the reported share of irrigated land area is before or after the crop production season.
To account for this issue, we include an additional estimation with a dummy variable of
improved share of irrigated land area from the previous period (if the share of irrigated land
area in this year is higher than the share of irrigated land area in the previous year = 1; otherwise
= 0). Second, I;; appears to be endogenous in Equation (6). We address this problem by using
a fixed-effects estimation with an instrumental variable (IV). We construct an IV relied on the
TRMM precipitation data. We follow Jones and Hulme (1996) to calculate the Standardized
Rainfall Anomaly Index (SRAI) for each village in a year. Since this dataset is available for the
period between 1998 and 2014, the SRAI is generated from the long-term average rainfall
between 1998 and 2014 (see Figure Al in the supplemental data for the distribution of lagged
3-year SRAI in Thailand and Vietnam for years 2013 and 2016). We use this lagged SRAI as
the IV for irrigation variables (i.e. the share of irrigated land areas and the improved share of
irrigated land area) in estimating Equation (6). The reason behind the use of this lagged IV is
that weather shocks (i.e. extreme rainfall) in previous years might affect the irrigation in the
current year. The results from additional estimations showed in Table A7 of the supplemental
data indicate that this IV does not correlate with the farming efficiency. Further, we conduct
two tests, namely the under-identifying test and weak identifying test to validate this IV. The
results of these tests showed in the post-estimation section of Table 5 confirm the use of this IV
in our estimations. We check for the multicollinearity problem in our model by using the VIF
values. The results of VIF values presented in the second column of Table A2 in the
supplemental data do not show a serious problem of multicollinearity. To have robust standard

errors and to prevent the problem of auto-correlation, we cluster our estimations at village level.

4.3 Measurement of poverty

Next, we use two different approaches to measure poverty, namely absolute poverty and
multidimensional poverty. The absolute poverty is relied on a fixed poverty line at which
households are classified as poor if their income or consumption is at or lower than the poverty
line (Smith, 2004). In this case, we use the World Bank’s poverty threshold for middle-income
countries at a daily income per capita of PPP$ 3.20 (World Bank, 2018) because Thailand and
Vietnam belong to this middle-income group and our data fall into this proposed period. In
addition to this absolute income poverty, we adopt the measure of multidimensional poverty

suggested by the World Bank (World Bank, 2020). We adjust this measure and include four
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dimensions of households’ characteristics, namely (i) monetary dimension; (ii) education
dimension; (iii) access to basic infrastructure; and (iv) housing and living conditions (detailed
measurement of multidimensional parameters is in Panel A4 of Table Al in the supplemental
data). Each of these four dimensions is weighted equally (information of adopted dimensions,
indicators, and weights is in Table A3 of the supplemental data). We set the cut-off level at 0.25
(i.e., one-fourth). In other words, a household is classified as living in multidimensional poverty

if this household has the total number of parameters adding up to 0.25 or higher.

Table 3. Descriptive summary of household’s income and poverty

Whole 2010 2013 2016
sample Thailand Vietnam Thailand Vietnam Thailand Vietnam
(n=10140)  (1=1681) (n=1699) (n=1681) (n=1699) (n=1681) (n=1699)
A. Household income
Daily crop income per capita 1.57 1.62 1.04™%2 1.89 1.15"%2 1.91 1.832
(2005 PPPS) (3.63) (3.22) (3.39) (3.44) (2.81) (3.90) (4.65)
Daily total income per capita 6.83 6.60 3.98™"a 7.62 493" 10.47 7.437%8
(2005 PPPS$) (20.34) (19.39) (5.42) (23.31) (6.33) (37.56) (8.29)
B. Parameters of multidimensional poverty
No schooling of school-age 0.06 0.06 0.05° 0.11 0.08"* 0.02 0.03%
children (yes = 1) (0.24) (0.24) (0.22) (0.31) (0.28) (0.15) (0.16)
No primary education of adult 0.02 0.04 0.02"*"® 0.03 0.01""® 0.02 0.01™b
members (yes = 1) (0.15) (0.20) (0.14) (0.18) 0.11) (0.13) (0.09)
Asset poor (yes = 1) 0.20 0.20 0.20° 0.20 0.20° 0.20 0.20°
(0.40) (0.40) (0.40) (0.40) (0.40) (0.40) (0.40)
Unsafe drinking water (yes = 1) 0.38 0.16 0.67""0 0.12 0.69"" b 0.04 0.60™*>
(0.49) (0.37) (0.47) (0.33) (0.46) 0.21) (0.49)
No improved sanitation (yes = 1) 0.30 0.03 0.70***® 0.02 0.60""*® 0.01 0.45™"b
(0.46) (0.17) (0.46) (0.15) (0.49) (0.09) (0.50)
No access to electricity for 0.02 0.02 0.01"® 0.04 0.02""® 0.01 0.02"*b
lighting (yes = 1) (0.14) (0.15) 0.11) (0.19) (0.15) (0.10) (0.15)
Malnourished child (yes = 1) 0.12 0.14 0.18"*? 0.11 0.15"*" 0.07 0.10™*"
(0.33) (0.34) (0.38) (0.31) (0.36) (0.25) (0.30)
Inadequate housing conditions 0.16 0.11 0.30""® 0.20 0.19° 0.05 0.11"%b
(yes=1) (0.37) 0.31) (0.46) (0.40) (0.39) (0.22) 0.31)
C. Poverty indicators
Absolute income poverty at PPP$ 0.42 0.42 0.60"*" b 0.44 0.52""b 0.24 0.32"%b
3.20 per capita a day (yes = 1) (0.49) (0.49) (0.49) (0.50) (0.50) (0.43) 0.47)
Multidimensional poverty 0.46 0.44 0.66™" " 0.47 0.59"" 0 0.25 0.37"%b
(yes=1) (0.50) (0.50) (0.47) (0.50) (0.49) (0.43) (0.48)

Notes: Standard deviations in parentheses; *: Two-sample t-test; : Non-parametric two-sample Wilcoxon rank-sum test; ** p<0.01, ** p<0.05,

*p<0.1.

Panel A of Table 3 presents the descriptive summary of household incomes. Thai households
have significantly higher daily crop income and daily total income per capita compared to
Vietnamese households and both income indicators show an increasing trend in two countries.
In 2010, the daily crop and total income per capita of households in Thailand are PPP$ 1.62
and PPP$ 6.60, respectively. These amounts increase to PPP$ 1.91 for crop income and PPP$
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10.47 for household income in 2016. The daily crop income per capita of households in
Vietnam increases from PPP$ 1.04 in 2010 to PPP$ 1.83 in 2016. It is noticeable that the
difference of crop income between Thai and Vietnamese households becomes insignificant in
2016. The daily total income per capita of households in Vietnam increases from PPP$ 3.98 to
PPP$ 7.43 between 2010 and 2016, however, these are relatively lower compared with those in
Thailand.

The dimensions of multidimensional poverty are presented in Panel B of Table 3. Vietnamese
households are more likely to have unsafe drinking water, no improved sanitation,
malnourished child, and inadequate housing conditions. The differences in these dimensions
are statistically significant over time. On the other hand, Thai households are more likely to
have no primary education of adult members. The differences in schooling of school-age
children and asset poor are not statistically significant (except for the schooling of school-age
children in 2013). Panel C of Table 3 presents the descriptive summary of absolute poverty and

multidimensional poverty. Vietnamese households have a higher incidence of poverty.
4.4 Evaluating the impacts of irrigation on household’s income and poverty

In the last step, we examine the impacts of irrigation on income and poverty of rural households.
As we explained in the previous section that we cannot justify whether the available irrigation
is ex ante or ex post of production season. If the availability of the reported irrigation is after
the production season, then the estimation of the impacts of irrigation on household’s income
and poverty might not be valid. We therefore control for this by using the lagged values of
irrigated land shares. The model of fixed-effects estimation with IV for the impacts of irrigation

on household’s income and poverty can be specified as:
Yie= 00+ 0103+ 0,85+ 0sHy + 0,V + e (7

In Equation (7), Y;; is a group of the income and poverty of household i at time t which includes
(1) crop income per capita, (ii) total income per capita, (iii) income poverty at PPP$ 3.20 per
capita per day, and (iv) multidimensional poverty; I;;_3 is the lagged 3-year share of irrigated
land area. §;; is the dummy variable of household’s exposure to weather shocks. H;; and Vj;
are the household and village characteristics, respectively. p;;; is the error term. To instrument
the lagged share of irrigated land area, we use the same IV of lagged SRAI variable as

mentioned in subsection 4.2. The results of additional estimations showed in Table A& of the
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supplemental data confirm that this IV does not correlate with the household income variables.
Further, the results of under-identifying and weak identifying tests presented in the post-
estimation section in Table 6 validate the use of this IV. We check for the sign of
multicollinearity by using the VIF values. The results of VIF values presented in the third
column of Table A2 in the supplemental data do not show a sign of this problem. We cluster
our estimations at village level to have robust standard errors and to prevent the problem of

auto-correlation.

5. Results and discussion

5.1 Year-round irrigation at village level and irrigation of rural households

Table 4 shows the factors affecting the share of irrigated land area in the total land area of rural
households. As expected, the exposure to weather shocks has a negative and significant
association with the share of household’s irrigated land area. Particularly, households with
weather shock experience have a lower share of irrigated land area by 2.4% in the estimations
of year-round irrigation without shock interaction and by 4.0% in the estimation of year-round
irrigation with shock interactions. This result is consistent with the findings from Kaini et al.
(2021) and Malek et al. (2018) that weather shocks increase water scarcity and reduce the
availability of water for irrigation. It appears that having year-round irrigation in the village has
a positive and significant correlation with the share of household’s irrigated land area.
Furthermore, the coefficient of the interaction between weather shocks and year-round
irrigation shows that households with shock experience located in villages with year-round
irrigation have a higher share of irrigated land area by 2.86%, implying the important role of
providing year-round irrigation in the context of weather shocks. In the context of this study,
the role of irrigation development is extremely important in our study sites (i.e., Northeast
Thailand and Central Vietnam) for smallholders to cope with adverse weather events (Buurman
et al., 2020; Suebpongsang et al., 2020). This result is reasonable because the share of irrigated
land area has been increasing in the two countries between 2010 and 2016, in spite of increasing
weather shocks. The availability of year-round irrigation at village level is significant for rural
households to cope with water scarcity and to enhance irrigation for agricultural production at

household level (Gatti et al., 2021).

In addition, year-round irrigation with reservoir as the major source of irrigation plays a more

significant role in increasing the share of irrigated land area of rural households. Particularly,
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households located in villages with reservoir year-round irrigation have a higher share of
irrigated land area by about 6%. On the other hand, year-round irrigation with main irrigation
sources from dams does not have any significant associations with the share of irrigated land
area. This result seems valid because many dams in Vietnam have a low value of irrigation per
cubic meter and reservoirs play an important role in supplying water for agricultural production
(ADB, 2009; ADB, 2020b). Further, multipurpose dams affect irrigation water for agricultural
activities due to their regulations on water flows (Foudi et al., 2023). These results are also in
line with the descriptive information showed in Table 1 that, in both Thailand and Vietnam, the
proportion of villages having year-round irrigation with reservoirs is increasing, while the role

of dam in supplying irrigation water is decreasing.

The remaining variables at household level that have a positive and significant correlation with
the share of household’s irrigated land area include age of heads and number of phones, while
the household size, schooling years of heads, mean schooling years of adult members, and
household land per capita appear to have a negative and significant association with this
irrigated land share. Our results share some similarities with the findings from Schuck et al.
(2005) in the case of education that the effect of education on irrigation is different. The
negative correlation of education-related variables can be due to the opportunities of higher
educated laborers to engage in non-farm employment rather than farm activities implying a
decreased focus on farming and irrigation (Do et al., 2022). Regarding village variables, the
distance to the provincial capital has a negative and significant correlation with the share of
irrigated land area. This is reasonable as the remoter the village is, the lower the availability of

irrigation systems is (Lipton et al., 2003).

19



Table 4. Factors affecting the share of irrigated land area (fixed-effects estimations)

L Year-round irrigation Year-round irrigation
Year-round irrigation . A .
with reservoir with dam
Without With Without With Without With
interaction  interaction interaction  interaction interaction  interaction
Exposure to weather shocks' -2.399"* -3.950"*" -2.267" -2.463" -2.178™ -2.074™
(0.894) (1.356) (0.896) (1.010) (0.903) (0.990)
Year-round irrigation in village' 8.047"* 7.192*
(1.535) (1.536)
Year-round irrigation with 6.340""" 6.068™"
reservoir’ (1.543) (1.569)
Year-round irrigation with dam® 2.823 3.030
(1.862) (1.842)
Weather shocks*Year-round 2.862"
irrigation (1.729)
Weather shocks*Year-round with 1.014
reservoir (1.999)
Weather shocks*Y ear-round with -0.765
dam (2.349)
Age of household head 0.222""* 0.224™* 0.224™* 0.224™* 0.256™" 0.256™"
(0.079) (0.079) (0.079) (0.079) (0.079) (0.079)
Male head? -2.125 -2.042 -2.357 -2.351 -2.669 -2.679
(2.058) (2.052) (2.055) (2.056) (2.050) (2.048)
Ethnic majority* -8.094 -7.931 -7.683 -7.687 -7.812 -7.840
(5.590) (5.580) (5.490) (5.494) (5.603) (5.609)
Household size -1.542™ -1.560™" -1.486™" -1.483™ -1.539™" -1.539™"
(0.408) (0.408) (0.408) (0.408) (0.409) (0.409)
Share of laborers -0.033 -0.033 -0.032 -0.032 -0.026 -0.026
(0.022) (0.022) (0.022) (0.022) (0.022) (0.022)
Schooling years of household -0.439* -0.436" -0.393" -0.394" -0.351 -0.353
head (0.230) (0.229) (0.230) (0.230) (0.230) (0.230)
Mean schooling years of adult -0.607°" -0.616™" -0.632"*  -0.633"*" -0.673""*  -0.671™"
members (0.202) (0.202) (0.202) (0.202) (0.202) (0.202)
Asset value per capita (In) -0.373 -0.369 -0.373 -0.376 -0.282 -0.287
(0.461) (0.461) (0.461) (0.460) (0.460) (0.460)
Number of phones 2.676"" 2.680"" 2.632"* 2.629™* 2.649™* 2.645™*
(0.363) (0.363) (0.364) (0.365) (0.366) (0.366)
Number of tractors -1.201 -1.200 -0.986 -0.982 -1.108 -1.106
(0.883) (0.882) (0.882) (0.882) (0.878) (0.878)
Number of sprayers 1.059 1.084 1.141 1.152 1.266" 1.267"
(0.771) (0.772) (0.767) (0.767) (0.767) (0.766)
Number of pumps 0.201 0.202 0.233 0.238 0.180 0.181
(0.674) (0.675) (0.678) (0.679) (0.674) (0.674)
Household land per capita (In) -4.849"" -4.857""" -4.937" -4.935"" -5.032"" -5.032""
(0.617) (0.616) (0.616) (0.616) (0.611) (0.611)
Made roads in village' -0.177 -0.223 0.257 0.256 0.082 0.083
(1.816) (1.817) (1.820) (1.820) (1.854) (1.854)
Share of households with cable 0.104 0.103 0.111" 0.111° 0.100 0.100
internet at home in village (0.065) (0.065) (0.065) (0.065) (0.065) (0.065)
Distance to provincial capital -0.086" -0.087" -0.081 -0.081 -0.086" -0.085"
(0.050) (0.050) (0.051) (0.051) (0.050) (0.050)
Distance to the closest market -0.012 -0.008 -0.002 -0.001 -0.016 -0.017
(0.145) (0.145) (0.147) (0.147) (0.154) (0.154)
Constant 58.444™ 58.697"" 60.092"""  60.150"" 59.044™  59.092""
(7.995) (7.995) (7.912) (7.915) (8.001) (7.997)
Number of observations 10140 10140 10140 10140 10140 10140
F 12.12 11.66 11.18 10.67 9.98 9.48
Prob>F 0.000 0.000 0.000 0.000 0.000 0.000
R-squared:
Within 0.043 0.043 0.039 0.039 0.035 0.035
Between 0.244 0.244 0.225 0.225 0.231 0.231
Overall 0.168 0.168 0.153 0.153 0.157 0.157

Notes: Robust standard errors clustered at village level in parentheses; ©: Dummy; In: natural logarithm; **p<0.01, ** p<0.05, *p<0.1.
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5.2 Effects of improved irrigation on household’s crop production

The likelihood ratio test between the Cobb-Douglas and translog functional form (Kodde &
Palm, 1986) shows that the translog model is more appropriate (see Table A4 in the
supplemental data for the result of the test). The results of the translog true random-effects
stochastic production frontier function with Mundlak’s (reported in Table A5 of the
supplemental data) indicate that, in Northeast Thailand and Central Vietnam, farming laborers
are the most important input, followed by harvest costs, seedling costs, fertilizer costs, and
pesticide costs in crop production. The cost of irrigation also shows a positive correlation with

the farming efficiency.
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Figure 2. Farming efficiency of crop production in Thailand and Vietnam in 2010 and 2016

Figure 2 shows the distribution of predicted farming efficiency scores in Thailand and Vietnam
in 2010 and 2016. About 10% of the observations have the efficiency score of 0.1, about 40%
of the observations have the score higher than 0.50, and only 5% have the score higher than
0.70. These figures indicate that there are still large efficiency gaps in farming in both countries.
The descriptive summary of crop farming efficiency scores (presented in Table A6 of the
supplemental data) shows that the farming efficiency score is about 0.40 on average for the
whole sample. At country level, the efficiency score of households in Northeast Thailand is
0.39 in 2010, then it increases to 0.41 in 2013 and remains unchanged in 2016. Meanwhile, the
efficiency score of households in Central Vietnam is 0.41 in 2010, decreases to 0.36 in 2013,

and stands at 0.42 in 2016.
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Table 5. Effects of the share of irrigated land area on farming efficiency (fixed-effects with IV estimations)

Farming efficiency

Share of irrigated land area

Improved share of irrigated

land area
Share of irrigated land area 0.001"
(0.001)
Improved share of irrigated land area’ 0.053"
(0.028)
Exposure to weather shocks -0.014™ -0.030""
(0.0006) (0.008)
Age of household head -0.000 0.001
(0.001) (0.001)
Male head" 0.020 0.007
(0.015) (0.020)
Ethnic majority* 0.086™* 0.060
(0.032) (0.039)
Household size 0.009"* 0.004
(0.003) (0.004)
Share of laborers -0.000" -0.000
(0.000) (0.000)
Schooling years of household head -0.002 -0.000
(0.002) (0.003)
Mean schooling years of adult members 0.001 0.000
(0.001) (0.002)
Asset value per capita (In) 0.011™ 0.011™
(0.003) (0.005)
Number of phones -0.004 0.003
(0.003) (0.004)
Number of tractors 0.006 -0.005
(0.007) (0.009)
Number of sprayers 0.019"* 0.028™*
(0.005) (0.008)
Number of pumps 0.008" 0.021***
(0.005) (0.007)
Household land per capita (In) 0.022"* 0.016™*
(0.006) (0.006)
Made roads in village' 0.001 0.013
(0.012) (0.018)
Share of households with cable internet at home in -0.000 0.001
village (0.000) (0.001)
Distance to provincial capital -0.000 -0.001
(0.000) (0.000)
Distance to the closest market 0.000 0.001
(0.002) (0.002)
Constant 0.204™* 0.181"
(0.064) (0.093)
Number of observations 10140 6760
Wald chi2(19) 1561.78 832.42
Prob > chi2 0.000 0.000
Under-identification 0.000 0.000
Weak identification 128.964 238.215

Notes: Robust standard errors clustered at village level in parentheses; : Dummy variable; In: natural logarithm; ***p<0.01, ** p<0.05, * p<0.1;

The under-identification test is an LM test based on the rk LM statistics in which the null hypothesis indicates that the model is under-identified.

The reported values of under-identification tests are p-values. The reported test of weak identification is the Kleibergen-Paap rk Wald F statistic

which is relied on the proposed significant level from Staiger and Stock (1997).

Table 5 presents the results of the effect of irrigation on farming efficiency of rural households.

Regarding the weather shocks, the result is consistent with that of Mishra et al. (2015), Mishra

et al. (2018), and Nguyen, Do, and Rahut (2022) that weather shocks negatively affect the
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efficiency of farming in Bangladesh, Cambodia, and Thailand, respectively. It is evident that
reduced precipitation results in yield decrease, particularly in Northeast Thailand and Central
Vietnam (Kang et al., 2021). We also find that the share of irrigated land area has a positive
and significant influence on farming efficiency. Besides, the improved share of irrigated land
area in the current period (compared with the previous period) also shows a positive and
significant impact of irrigation development on farming efficiency. In the context of our study,
in countries such as Thailand and Vietnam where rural households are facing increasing adverse
weather events, better irrigation improves crop farming efficiency by reducing the efficiency
losses due to weather shocks. Furthermore, in Northeast Thailand where farming relies more

on rainfall, irrigation development is vital for yield increase (Suwanmontri et al., 2021).

Our result also shows that ethnic majority positively affects household’s farming efficiency.
Ethnic minorities are found to be less efficient in farming than the ethnic majority in these two
countries due to various factors. They employ less agricultural machines and equipment (Do et
al., 2023; Nguyen, Nguyen, and Grote, 2022), have a higher dependency ratio (Huy & Nguyen,
2019), and are poorer (Baulch et al., 2007; Draper & Selway, 2019). In terms of the remaining
significant variables, household size, asset value per capita, number of sprayers and pumps, and
household land per capita have a positive effect on farming efficiency. These results are
consistent with the findings from Do et al. (2023) for agricultural machines and equipment,
Huy and Nguyen (2019) in the case of household size and poor households, and Nguyen et al.
(2018) regarding land area.

5.3 Impacts of irrigation on household’s income and poverty

Table 6 presents the impact of irrigation on household’s income and poverty. The results depicts
some important findings. First, the exposure to weather shocks negatively and significantly
affects the income from crops which is in the same vein as the findings from Amare et al.
(2023), especially for Northeast Thailand and Central Vietnam (Nguyen et al., 2020). This
seems to be supportive of the result from the effect of weather shocks on crop farming efficiency
in the previous section and consistent with the findings from Huang et al. (2006) and Nguyen,

Do, and Rahut (2022).
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Table 6. Impacts of irrigated land share on household income and poverty (fixed-effects with IV

estimations)

Daily crop income Daily total income  Absolute poverty at ~ Multidimensional
per capita (In) per capita (In) PPP$ 3.207 poverty®

Lagged share of irrigated land area 0.017" 0.030™" -0.006"" -0.007"*
(0.010) (0.004) (0.001) (0.001)

Exposure to weather shocks -0.342° 0.041 0.009 -0.013
(0.207) (0.086) (0.019) (0.020)

Age of household head 0.007 0.007 -0.002 -0.001
(0.020) (0.007) (0.002) (0.002)

Male head? 0.304 -0.189 -0.021 0.015
(0.457) (0.180) (0.044) (0.043)

Ethnic majority* 0.994 1.040™* -0.236"" -0.245™"
(0.922) (0.339) (0.082) (0.083)

Household size 0.097 -0.098™ 0.025™* 0.0417*
(0.098) (0.039) (0.009) (0.009)

Share of laborers -0.001 0.004" -0.001™ -0.001"
(0.005) (0.002) (0.001) (0.001)

Schooling years of household head -0.039 0.021 0.004 0.001
(0.064) (0.021) (0.006) (0.006)

Mean schooling years of adult 0.030 -0.017 -0.000 0.001
members (0.044) (0.017) (0.004) (0.004)
Asset value per capita (In) 0.173 0.100™ -0.051"" -0.053""
(0.119) (0.045) (0.010) (0.010)

Number of phones -0.043 0.022 -0.005 -0.009
(0.083) (0.028) (0.007) (0.007)

Number of tractors 0.221 -0.058 0.031 0.052™*
(0.222) (0.083) (0.020) (0.020)

Number of sprayers 0.810™" 0.050 -0.024" -0.022
(0.204) (0.063) (0.013) (0.013)

Number of pumps 0.461"*" 0.165™ -0.021 -0.024
(0.145) (0.068) (0.015) (0.015)

Household land per capita (In) 0.499™* -0.026 -0.000 0.001
(0.124) (0.046) (0.011) (0.011)

Made roads in village' 0.625 0.393"" -0.121™ -0.098™"
(0.386) (0.152) (0.030) (0.028)

Share of households with cable 0.017 0.012"* -0.002"*" -0.002"*
internet at home in village (0.016) (0.004) (0.001) (0.001)
Distance to provincial capital -0.001 0.002 -0.000 -0.000
(0.008) (0.003) (0.001) (0.001)

Distance to the closest market -0.025 -0.011 0.002 0.001
(0.040) (0.013) (0.003) (0.003)

Constant -1.423 -2.956"* 1.452™ 1.460™"
(1.830) (0.696) (0.172) (0.169)

Number of observations 6760 6760 6760 6760
Wald chi2(19) 132.37 187.11 549.42 637.45
Prob > chi2 0.000 0.000 0.000 0.000
Under-identification 0.000 0.000 0.000 0.000
Weak identification 237.436 237.436 237.436 237.436

Notes: Robust standard errors clustered at village level in parentheses; T: Dummy variable; In: natural logarithm; **p<0.01, ** p<0.05, * p<0.1;

The under-identification test is an LM test based on the rk LM statistics in which the null hypothesis indicates that the model is under-identified.

The reported values of under-identification tests are p-values. The reported test of weak identification is the Kleibergen-Paap rk Wald F statistic

which is relied on the proposed significant level from Staiger and Stock (1997).

Second, the lagged share of irrigated land area has a positive and significant impact on daily

crop income per capita and daily total income per capita. These results appear to be reasonable

because, from the context of our study, rural households in Northeast Thailand and Central
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Vietnam have better crop income along with better irrigation (Ho et al., 2022; Suebpongsang
et al., 2020). Our results of the impacts of irrigation on household income are in the same vein
as those from Dillon (2011), Huang et al. (2006), and Hussain (2007). Third, we further find
that the lagged share of irrigated land area has a negative and significant influence on rural
households’ absolute poverty at PPP$ 3.20 and multidimensional poverty. This indicates the
role of irrigation in reducing poverty. While the result of absolute poverty is similar to that of
Senaratna Sellamuttu et al. (2014) and Smith (2004), the impact of irrigation on
multidimensional poverty from our study sheds further light on the important role of irrigation

in contributing to poverty eradication in multidimensions.

In addition, among the household variables, households from the ethnic majority have better
income and a lower incidence of poverty. This result is consistent with that from Baulch et al.
(2007) and Draper and Selway (2019). This implies that a better support to ethnic minorities to
help them improve their income, reduce their poverty status, and shorten the income gap with
the ethnic majority is needed. The focus of this support can be placed on asset poor households
to help them escape poverty (Do et al., 2022). At village level, better infrastructure for
transportation and ICT has a positive and significant impact on household income and a
negative and significant impact on poverty. Our finding of the internet’s impacts is consistent
with that from Nguyen, Nguyen, and Grote (2022) and it implies that the development of
irrigation should come hand-in-hand with infrastructure development such as better roads or
ICT access to have a higher synergy in improving income and reducing poverty in rural areas.
Further consideration of development policies on irrigation can also put emphasis on

smallholders’ collective organization (Llones et al., 2022; Nguyen et al., 2023).
6. Summary and policy implications

Improving irrigation for agricultural production is important for poverty reduction and food
security, especially in coping with more frequent weather shocks. In this study, we examine
how year-round irrigation at village level can have an association with the development of
irrigation at household level and help rural households cope with weather shocks. We also
investigate the effects of irrigation on farming efficiency, income, and poverty. We use panel
data of 1,681 households in Northeast Thailand and 1,699 households in Central Vietnam
collected in 2010, 2013, and 2016 with a total of 10,140 observations. A true random-effects
translog stochastic frontier production estimation with Mundlak’s adjustments is used to

estimate farming efficiency. We address the problems of unobserved heterogeneity and
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endogeneity by using an instrumental variable approach. Our empirical results produce several

important findings.

Regarding the first research question of the association between village’s year-round irrigation
and household’s irrigated land, our results show that the availability of village’s year-round
irrigation in Northeast Thailand and Central Vietnam has a positive association with the share
of household’s irrigated land area. Further, while weather shocks have a negative association
with household’s irrigated land share, the availability of village’s year-round irrigation helps
increase this household’s irrigated land share under the adverse impacts of weather shocks. Our
results also show that village’s year-round irrigation with reservoirs as the major source of
irrigation has a more significant correlation with household’s irrigated land share than the

village’s year-round irrigation with dams as the major irrigation source.

With regard to the second research question about the effects of irrigation on farming efficiency,
we find that the share of irrigated land area has a positive effect on crop farming efficiency of
households in Northeast Thailand and Central Vietnam. The positive influence of irrigation
remains consistent when we use improved share of irrigated land area (compared with the
previous period). This indicates that a better irrigation increases crop farming efficiency of rural
households. Our answer to the last research question of how irrigation affects household’s
income and poverty is that the lagged share of irrigated land area has a positive effect on
household’s crop income and total income. It also has a negative impact on poverty in absolute
and multidimensional terms. These results imply that irrigation development contributes

significantly to poverty eradication in our study sites.

These findings have important policy implications with regard to irrigation development for
fighting against increasing weather shocks and poverty. First, policy makers in developing
countries and international donors should pay more attention to irrigation development and
water management to increase the availability and sustainability of water for irrigation in order
to ensure more efficient farming and increase income of farmers in rural regions. Increasing
water scarcity induced by climate-driven changes and the rising demand for water from other
economic sectors pose a significant risk to agricultural production, poverty reduction, and food
security around the globe. In the context of more frequent weather shocks, having access to
irrigation is not sufficient for farmers but year-round irrigation. This calls for more sustainable

water management and irrigation development in rural regions of developing countries.
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Second, the development of irrigation infrastructure such as water reservoirs should be carefully
considered to ensure the effectiveness in ensuring year-round irrigation at village level and
improving irrigation at household level. We recommend that irrigation development projects
should take into account the conditions of local area, the conceptualization of Water — Energy
— Food nexus, and sustainable livelihoods for sustainable development. These projects should
further consider combining them with more efficient irrigation technologies at farm levels to
ensure the availability of water. These irrigation development projects should also balance
water scarcity with sustainability to minimize losses in biodiversity and negative effects on the
local environment. Last, the development of infrastructure for irrigation should also come with
infrastructure development for transportation and ICT. Along with a better irrigation, improved
rural roads and ICT significantly increase rural households’ income and reduce poverty. The
availability of ICT further stimulates the application of technologies for more efficient

irrigation.

Although our paper has provided some useful insights, it still has some limitations. First, the
impact of climate change could be long-lasting and our panel data might not well reflect the
true intensity of weather shocks induced by climate change. Second, we used a dummy variable
to represent weather shocks and did not take into account different types of weather shocks.
The use of the dummy variable might not well capture the intensity of shocks and we could not
examine the heterogeneous effects of shock types. We thus suggest that future studies on
assessing the impact of weather shocks on irrigation development should have more appropriate
data for reflecting the intensity of weather shocks and also take into account different types of
weather shocks. Furthermore, future studies can also examine the effects of particular irrigation
methods on household’s farming efficiency and welfare to provide more specific implications

for better water management at household level.
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Appendices

Table Al. Definition and measurement of variables at household and village levels

Variables Measurement Definition
A. Household level
Al. Demographic characteristics
Exposure to weather shocks Dummy If the household reports an experience of flooding of agricultural land, drought, landslide and erosion,

Age of household head

Gender of household head

Thai majority (Thailand) or Kinh majority (Vietnam)
Household size

Share of laborers

Schooling years of household head

Mean schooling years of adult members

Years of age
Dummy
Dummy

Number of persons
Percentage (%)
Years of schooling

Years of schooling

and storms in the last 12 months of the reference period = 1; otherwise = 0
Ages of the household head

Male household head = 1; otherwise = 0

If the household belongs to Thai majority in Thailand or Kinh majority in Vietnam = 1; otherwise = 0
Number of members in the household

The share of household members in working age in household size

Number of schooling years of the household head

Average schooling years of adult members in the household

A2. Asset and production characteristics

Household asset value per capita

Number of phones
Number of tractors
Number of sprayers
Number of pumps

Household land per capita

2005 PPP$
(adjusted to 2005 prices)

Quantity
Quantity
Quantity
Quantity

hectare

Total asset value per capita of the household including productive and non-productive assets

Number of phones (mobile and smartphones) that the household owns
Number of 2-wheel and 4-wheel tractors that the household owns
Number of knapsack and engine sprayers that the household owns
Number of pumps that the household owns

Total land of the household per capita

A3. Irrigation and crop production

Share of irrigated land area in total land area
Output values
Farming area

Land preparation cost

Seedling cost

Weeding cost

Percentage (%)
2005 PPP$
(adjusted to 2005 prices)
hectare

2005 PPPS$

(adjusted to 2005 prices) per ha
2005 PPP$

(adjusted to 2005 prices) per ha

2005 PPP$

The share of irrigated land area in total land area of the household
The values of output from crop production per hectare
The area of household land area used for crop production

Expenditure on land preparations per hectare

Expenditure on seedlings per hectare

Expenditure on weeding per hectare



Fertilizer cost
Pesticide cost
Harvest cost

Irrigation cost

Other costs

Farming laborers

(adjusted to 2005 prices)

2005 PPP$
(adjusted to 2005 prices)
2005 PPP$
(adjusted to 2005 prices)
2005 PPP$
(adjusted to 2005 prices)
2005 PPP$
(adjusted to 2005 prices)
2005 PPP$
(adjusted to 2005 prices)

Number of persons

Expenditure on fertilizers per hectare

Expenditure on pesticides per hectare

Expenditure on harvest including fuels/electricity per hectare
Expenditure on irrigation including fuels/electricity per hectare

Expenditure on other costs (not listed above) per hectare

Number of laborers engaging in farming activities of the household

A4. Income and multi-dimensional poverty indicators

Daily crop income per capita

Daily total income per capita

2005 PPP$
(adjusted to 2005 prices)
2005 PPP$
(adjusted to 2005 prices)

Daily crop income per capita of the household in the last 12 months

Daily total income per capita of the household in the last 12 months

The household has at least one school-age child up to the grade-8 age not enrolling in school = 1;

No schooling of school-age children Dummy otherwise = 0

No primary education of adult members Dummy Zkz)e household has no adults at the grade-9 age or above completed a primary education = 1; otherwise
Asset poor Dummy The household is in the group of the 20% poorest asset per capita = 1; otherwise = 0

Unsafe drinking water Dummy Drinking water of the household comes from unsafe sources (river, lake, pond...) = 1; otherwise = 0
No improved sanitation Dummy There is no flush toilet in the household = 1; otherwise = 0

No access to electricity for lighting Dummy There is no access to electricity for lighting in the household = 1; otherwise = 0

Malnourished child Dummy There is a malnourished child in the household = 1; otherwise = 0

Inadequate living conditions Dummy The average dwelling size of the household is less than 10 m2 per capita = 1; otherwise = 0

B. Village level

Year-round irrigation Dummy If the village has year-round irrigation = 1; otherwise = 0

Year-round irrigation with reservoir Dummy If the village has year-round irrigation with reservoir as the major irrigation source = 1; otherwise = 0
Year-round irrigation with dam Dummy If the village has year-round irrigation with dam as the major irrigation source = 1; otherwise = 0
Having made roads instead of dirt roads Dummy If the main roads in the village are made roads instead of dirt roads = 1; otherwise = 0

Share of households with cable internet at home
Distance to provincial capital

Distance to the closest market

Percentage (%)
Kilometer (km)

Kilometer (km)

The percentage of households with cable internet at home in village
The distance from the village to the province center

The distance from the village to the closest market
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Table A2. Variance Inflation Factor (VIF) values

) 2 3
Factors affecting Effects of irrigation Effects of irrigation on
irrigation on farming efficiency income and poverty

Year-round irrigation in village' 1.05
Share of irrigated land area 1.42
Lagged share of irrigated land area 1.29
Exposure to weather shocks' 1.05 1.05 1.05
Age of household head 1.20 1.20 1.22
Male head® 1.10 1.10 1.10
Ethnic majority® 1.25 1.24 1.24
Household size 1.47 1.50 1.52
Share of laborers 1.22 1.22 1.23
Schooling years of household head 1.58 1.58 1.54
Mean schooling years of adult members 1.39 1.40 1.38
Asset value per capita (In) 1.63 1.64 1.57
Number of phones 1.21 1.22 1.19
Number of tractors 1.29 1.29 1.30
Number of sprayers 1.19 1.21 1.21
Number of pumps 1.24 1.26 1.26
Household land per capita (In) 1.53 1.70 1.60
Made roads in village' 1.14 1.16 1.15
ithiﬁel :gfehouseholds with cable internet at home 111 111 112
Distance to provincial capital 1.18 1.19 1.19
Distance to the closest market 1.20 1.21 1.23

Mean VIF 1.27 1.30 1.28

Notes: T: Dummy variable; In: natural logarithm

37



Thailand

|
-
o
l.r‘! e
o=
2 —: 0 1 2
Lagged 3-year Standardized Rainfall Anomaly Index
Vietnam
s
=
g
@)
o
Sy T T
-2 -1 0 1 2 3
Lagged 3-year Standardized Rainfall Anomaly Index

Figure Al. Distribution of the lagged Standardized Rainfall Anomaly Index in Thailand and Vietnam for
the year of 2013 and 2016
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Table A3. Measurement of multidimensional poverty

Dimension Parameter Weight
Monetary dimension Daily income per capita of the household is at/lower than PPP$ 3.20 1/4
The household has at least one school-age child up to the grade-8 age not 18
Educational enrolling in school
dimension The household has no adults at the grade-9 age or above completed a primary 18
education
The household belongs to the group of 20% poorest in asset value per capita 1/16
Access to basic Drinking water of the household comes from unsafe sources 1/16
infrastructure There is no improved sanitation (flush toilet) in the household 1/16
There is no access to electricity for lighting in the household 1/16
Housing and living There is a malnourished child in the household 1/8
diti L . .
concrtons The average dwelling size of the household is less than 10 m2 per capita 1/8
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Table A4. Likelihood ratio test between the Cobb-Douglas and translog functional forms

Likelihood ratio test

A=-2x% (logﬁHO - logﬁm) p-value

HO: The production function from Cobb-

: . 2507.332 0.000
Douglas is more appropriate

Notes: logQy,is the log likelihood of retricted model under the null hypothesis; logQy;is the log likelihood of the alternative hypothesis;
* compared with the critical value from Kodde and Palm (1986).
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Table AS. Results of the translog stochastic frontier production estimation from the true random-effects

with Mundlak’s adjustments

Coefficient
Farming area (In) (a) -0.266"" 0.085
Land preparation costs (In) (b) -0.001 0.025
Seedling costs (In) (c) 0.126™" 0.020
Weeding costs (In) (d) 0.011 0.023
Fertilizer costs (In) (e) 0.092*" 0.042
Pesticide costs (In) () 0.041*" 0.019
Harvest costs (In) (g) 0.133™" 0.024
Irrigation costs (In) (h) 0.041" 0.024
Other costs (In) (i) 0.033" 0.019
Farming laborers (In) (j) 0.373"" 0.108
a’ 0.041 0.036
b2 0.001 0.004
c? 0.026™" 0.003
d? 0.004 0.005
e? 0.041™" 0.005
2 0.008™ 0.004
g2 0.020™" 0.003
h? 0.017"*" 0.004
i? 0.013™ 0.004
7 0.022 0.064
a*b 0.045™" 0.015
a*c -0.028™" 0.008
a*d -0.006 0.012
a*e -0.040 0.024
a*f -0.009 0.011
a*g 0.080™" 0.013
a*h 0.010 0.013
a*i 0.018 0.012
a¥j 0.196™" 0.075
b*c -0.003 0.003
b*d 0.010" 0.004
b*e -0.004 0.006
b*f 0.010"" 0.004
b*g -0.008"" 0.003
b*h -0.004 0.003
b*i 0.003 0.004
b*j 0.038" 0.020
c*d -0.004 0.004
c*e -0.027°" 0.006
c*f -0.004 0.003
c*g -0.001 0.003
c*h 0.005" 0.003
c*i -0.003 0.003
c*j -0.033" 0.019
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d*e -0.007 0.009
d*f 0.004 0.004
d*g 0.003 0.004
d*h -0.002 0.004
d*i 0.001 0.004
d*j 0.048" 0.022
e*f 0.000 0.006
e*g -0.020"" 0.006
e¢*h -0.026™" 0.006
e*i -0.007 0.006
e*j -0.092"* 0.039
f*g 0.010™* 0.003
f*h 0.008™ 0.003
f*i 0.001 0.003
*j 0.060™* 0.019
g*h -0.001 0.003
g*i 0.005 0.004
o] -0.039" 0.018
h*i -0.001 0.003
h*j 0.019 0.019
i*j 0.027 0.020
Mean variables of CRE

Farming area (In) (time average-CRE) 0.051 0.056
Land preparation costs (In) (time average-CRE) -0.076™" 0.017
Seedling costs (In) (time average-CRE) -0.012 0.011
Weeding costs (In) (time average-CRE) 0.017 0.015
Fertilizer costs (In) (time average-CRE) 0.019 0.025
Pesticide costs (In) (time average-CRE) 0.052"* 0.017
Harvest costs (In) (time average-CRE) -0.022 0.014
Irrigation costs (In) (time average-CRE) 0.073"*" 0.016
Other costs (In) (time average-CRE) 0.061"* 0.015
Farming laborers (In) (time average-CRE) -0.232"" 0.079
Constant 8.330™" 0.148
Number of observations 10140

Log simulated-likelihood -17872.068

Sigma_u; Sigma_v; Lambda 1.571";0.476""; 3.298""

Wald Chi2(75) 3806.89

Prob > chi2 0.000

Notes: *: Robust standard errors clustered at village level; In: natural logarithm; ***p<0.01, ** p<0.05, * p<0.1.
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Table A6. Descriptive summary of farming efficiency

Whole 2010 2013 2016
sample Thailand Vietnam Thailand Vietnam Thailand Vietnam
m=10140) 1 =1681) (n=1699) (n=1681) (n=1699) (n=1681) (n=1699)
Farming efficiency 0.40 0.39 0.41™"2 0.41 0.36™"2 0.41 0.427"2
(0.22) (0.21) (0.21) (0.22) (0.22) (0.21) (0.21)

Notes: Standard deviations in parentheses; *: Two-sample t-test; *** p<0.01, ** p<0.05.

43



Table A7. Validation estimations of the instrumental variable in the estimations of farming efficiency

Farming efficiency

Share of irrigated land area

Improved share of
irrigated land area

Lagged 3-year SRAI -0.002 -0.111* -1.8417

(0.003) (0.007) (0.550)
Household variables Yes Yes Yes
Village variables Yes Yes Yes
Constant 0.379™" 81.361™" 0.458™"

(0.023) (4.322) (0.065)
Number of observations 10,140 10,140 6760
F(19, 439) 22.96 108.34 22.57
Prob. > F 0.000 0.000 0.000

Notes: Robust standard errors clustered at village level in parentheses; *** p<0.01.
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Table A8. Validation estimations of the instrumental variable in the estimations of household income

Daily crop income  Daily total income per Lagged share of
per capita (In) capita (In) irrigated land area
Lagged 3-year SRAI 0.005 0.719 8.759™*
(0.051) (0.358) (0.621)
Household variables Yes Yes Yes
Village variables Yes Yes Yes
Constant 0.934 -11.443" 81.346™"
(0.471) (2.114) (5.431)
Number of observations 6760 6760 6760
F(19, 439) 20.56 19.52 72.12
Prob. > F 0.000 0.000 0.000

Notes: Robust standard errors clustered at village level in parentheses; *** p<0.01.
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