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Abstract 
 
This thesis looks at agricultural decision-making in changing environments in three 

separate essays. The environments in which smallholder producers in Southeast Asia do 

business is changing rapidly. Increased incomes in the region change consumer demand 

and provide opportunities in new markets, especially livestock, for agricultural 

households. Producers also face several new and unique challenges associated with 

climate change. They must adapt their behaviours and farming practices to optimise 

outcomes in their new realities, dealing with stress brought on by climate change. 

Understanding agricultural decision-making is more important now than ever, as the 

environments that producers operate in is changing faster than ever. In this thesis, we will 

look at agricultural decisions as they relate to climate change adaptation and mitigation, 

as well as why some producers enter new export markets while others do not. The first 

two essays are related to agricultural decisions for producers experiencing climate 

change. The third essay then looks at the characteristics of the agent to see if there are 

differences in the decision-makers, using the context of cattle producers in Laos entering 

the novel export market for cattle.  

 

Essay one looks at the role of Vietnamese rice producers in helping the government meet 

its greenhouse gas mitigation commitments to the Paris Climate Accord. In this essay, 

we look at factors that influence rice farmers’ irrigation choices, specifically, whether or 

not they use alternate wetting and drying (AWD), an irrigation technique that reduces 

water consumption by one-third and greenhouse gas emissions by nearly one-half. We 

find that farmers’ expectations of AWD, such as effect on yield or input costs, change the 

likelihood of them using AWD. Additionally, they are less likely to use AWD if they reported 

that they receive an irrigation subsidy.    

 

Essay two focuses on climate change adaptation decisions made by agricultural 

households in Vietnam. We investigate how autonomous adaptions vary by individuals, 

depending on which climatic stresses they are responding to and what impacts they 

observe as a result of the stress. We find that individuals vary autonomous adaptations 
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depending on which climatic stresses they are responding too as well as by the impacts 

of the stress. We also show that the types of stress experienced by individuals are largely 

heterogeneous across provinces.  

 

In essay three, we explore the idea that there are cognitive differences between 

individuals who engage in entrepreneurial activities and those who do not, using the 

concept of executive functions from cognitive psychology. In this study, we look at the 

case of cattle producers in Lao PDR, who either raise cattle for the export market 

(entrepreneurs) or savings (traditional producers).  We conclude that individuals who 

participate in entrepreneurial activity are better at planning, impulse control, and attention. 

Few differences exist between the two groups beyond the differences in executive 

functions. All three essays have implications for future policies and furthering our 

collective understanding of decision-making by agricultural producers in changing 

environments.
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Introduction 
Decision-making in the presence of scarcity is paramount in economic theory. Utility, 

production, and consumption theory all depend on the agent’s choices. Agricultural 

decisions are no different. Producers are continually making decisions to maximise their 

utility. The environments that these producers operate in is constantly changing. Now and 

in the future, producers must adapt to the new threats, constraints, and opportunities 

brought on by external factors such as globalisation and climate change. In this thesis, 

we present three examples of agricultural decisions in changing environments within the 

context of smallholder producers in Southeast Asia.  

 

The first chapter of this thesis focusses on the role of rice farmers in Vietnam’s climate 

change mitigation strategy. At the Paris Climate Agreement in 2015, Vietnam committed 

to an eight percent reduction in greenhouse gas (GHG) emissions by 2030. These 

reductions will come in part from the agricultural sector and specifically rice production. 

One promising GHG mitigating technology used in rice production is Alternate Wetting 

and Drying (AWD), which can reduce GHG emission by as much as 48%. This study aims 

to understand the factors that influence a farmers’ decision to use AWD, economic, or 

otherwise. We do so by using primary data collected in Vietnam’s Mekong River Delta 

and Red River Delta to compare yield, cost, and returns of farmers who currently use 

AWD to farmers who use the conventional production method of continuously flooded 

(CF) rice. McFadden’s conditional logit model is used to model factors that may influence 

the farmers’ decision to use AWD or not. Variables used in the model include expectations 

of farm inputs (e.g., will water use increase or decrease with AWD use?) and yield for 

AWD use, sources of agricultural information, and irrigation subsidy perceptions. Our 

study is the first of its kind to use expectations as an explanatory variable for the outcome, 

namely, expectations of AWD as a determinant of AWD use. Results indicate that the 

respondents’ expectations of AWD use, where respondents receive agricultural 

information, and whether or not they perceive that they receive a subsidy for irrigation are 

all significant factors in whether or not they use AWD.  
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The second chapter looks at the autonomous adaptations to climate change used by rice-

producing households in Vietnam, with a specific focus on how individual responses 

change, depending on which climate change stress that individuals report as the driver of 

their adaption. Vietnam faces several adverse climate change stresses such as increases 

in temperature, drought, flooding, saltwater intrusion, and sea-level rise. Past research 

on climate change adaptation in Vietnam has highlighted that climate change stresses 

and challenges faced by populations vary across the country. In this study, we are 

interested to know if autonomous responses also vary, depending on which stress 

individuals are responding to. To answer this question, we use primary-collected data of 

1,306 individuals from the Mekong River Delta, Central Vietnam, and the Red River Delta. 

Adaptation choices of these individuals are analysed at two levels: the household-level 

and the agricultural-level. We estimate multivariate probit models by Genz-Geweke-

Hajivassiliou-Keane (GGHK) simulated maximum likelihood methods. Our results show 

that climate change adaptations vary depending on which stresses individuals are 

responding to. At the household level, droughts and floods have the strongest effect on 

climate change adaptation. However, adaptations at the agricultural level depend more 

on the impacts of the stress and less so on the climate change stress itself. Understanding 

what climate change stresses are already eliciting a response, and what adaptations are 

being used by individuals, is invaluable for designing successful climate change policies. 

This understanding can also help policymakers identify where gaps exist in individual 

climate change adaptations and fill these gaps with a public response. 

 

Finally, in the third chapter, we change our focus to the characteristics of the agent. 

Specifically, we look at entrepreneurs, a group of individuals known for their willingness 

to move into new markets sooner than other individuals. The increased recognition that 

the capacity to innovate may be central to economic growth raises the question of what 

is different about entrepreneurs. We explore the hypothesis that entrepreneurs may differ 

from non-entrepreneurs in their capacity to process information and act on it, which we 

measure using the concept of executive functions. Using data from a sample of cattle 

producers in a transition economy, we show that cognitive heterogeneity is remarkably 

different between those who are willing to transition from the traditional use of cattle as a 
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savings mechanism and explore the new opportunities created by increased market 

integration with export markets. Most notably, entrepreneurs are better at impulse control, 

attention, and planning. These results do not seem driven by selection into cattle 

production. We argue that, given the evidence that executive functions are malleable, 

these results may have important implications for entrepreneurship training.  
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Chapter 1: How Expectations, Information, and 
Subsidies Influence Farmers’ Use of Alternate Wetting 
and Drying in Vietnam’s River Deltas 
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1.1 Introduction 
Ratifying the Paris Agreement resulting from the 21st Conference of Parties, the 

Vietnamese Government committed to as much as a 28% percent reduction of 

greenhouse gas (GHG) emissions by 2030 with international support, as compared to the 

estimated business as usual scenario for the country (Government of Viet Nam 2015). 

(Government of Viet Nam 2015)Agriculture plays a pivotal role in Vietnam achieving its 

stated GHG reductions because agriculture is the second-largest annual GHG-emitting 

sector in Vietnam behind the energy sector, representing 23% of total annual GHG 

emissions in Vietnam (USAID 2016). More than 50% of agricultural GHG emissions come 

from rice (Oryza sativa L.) cultivation, which represents 54% of all GHG emissions from 

the agricultural sector in Vietnam (USAID 2016). Because of the importance of the 

agricultural sector in total annual GHG emissions in Vietnam, the country’s nationally 

determined contribution specifically targets reductions coming from the agricultural 

sector, and specifically, technologies to reduce GHG emissions in the agricultural sector 

(Government of Viet Nam 2015).  

 

There are already suitable technologies/practices available to reduce GHG emissions 

from rice production, but the uptake in Vietnam has remained low, and the factors 

influencing the use of these technologies/practices are not well understood. One GHG-

abating practice well-suited to Vietnam and of particular importance to our investigation 

is alternate wetting and drying (AWD). AWD is a water management practice that can 

reduce GHG emissions by as much as 48% (Sander et al. 2015), but few farmers practice 

AWD in Vietnam. Given the gaps in knowledge, we evaluate farmers’ choices to use AWD 

or not, with a specific focus on perceptions of AWD, sources of agricultural information, 

and whether or not a farmer perceives receiving an irrigation subsidy. Furthermore, 

concerning perceptions of AWD, we compare farmer perceptions of AWD with on-farm 

costs and returns to determine if perceptions of AWD match the economic reality of AWD. 

We answer these research questions using a McFadden condition logit model, analysing 

irrigation practice decisions for farmers in Vietnam. We use primary data for 225 

households, collected from the Red River Delta in the north of Vietnam and the Mekong 
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River Delta in the south of Vietnam. We first analyse data for the whole sample, and then, 

data is analysed by river delta to determine how factors may vary across locations. 

 

Results indicate that expectations do matter for farmers’ decisions to use AWD or not. 

Farmers who believed that AWD use would increase the number of weeds in their fields 

were less likely to use AWD in the pooled sample covering both deltas. This result held 

in the Mekong River Delta, but not in the Red River Delta. Farmers in the Mekong River 

Delta were also more likely to use AWD if they believed that they would use less water 

when using AWD. Farmers in the Red River Delta were more likely to use AWD if they 

believed it would increase their yield and also if they believed it made planning a crop 

calendar easier. 

 

Information also mattered for farmers’ decisions to use AWD or not. Farmers in the pooled 

sample who reported receiving agricultural information from media sources such as the 

TV or radio and farmers who received information from agricultural companies were less 

likely to use AWD. Conversely, farmers who received information from local staff, NGOs, 

or their neighbours were all more likely to use AWD. All these results hold when looking 

at the Mekong River Delta, but only receiving agricultural information from an NGO made 

farmers more likely to use AWD in the Red River Delta. 

 

Farmers who reported receipt of an irrigation subsidy were less likely to use AWD. We 

find this result to be accurate for the pooled sample and the Red River Delta, but not for 

the Mekong Delta. Reduced water consumption is the primary economic incentive of 

AWD, so this result is not surprising. Lessening incentives will no doubt lead to lower 

demand for the practice. 

 

Finally, the expectations of AWD that were significant factors in farmers’ decisions to use 

AWD or not were often the reality of the cost and return analysis for the farms. Believing 

that AWD use would increase the number of weeds in the field was found to be true in 

reality; AWD farmers paid more for weeding. The expectation that AWD use increases 

rice yield held by farmers in the Red River Delta translated to reality in the cost and return 
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results, with AWD farmers reporting higher yields. However, for farmers in the Mekong 

River Delta, the belief that using AWD would decrease water use is not reflected as the 

reality observed by farmers in the cost and return results. However, farmers’ responses 

to receiving an irrigation subsidy may influence this result; farmers who said they received 

a subsidy paid significantly less for irrigation than farmers who said they did not receive 

a subsidy. 

 

The model used in this study is not novel but rather tested and reliable. The application 

of the model in this setting, however, is novel. This is the first study of its kind to apply 

McFadden’s model with perceptions and expectations to determine the use of new 

agricultural technologies/practices. Perceptions and expectations have not been 

previously used as predictors in the use of new agricultural technologies/practices, and 

certainly not for AWD. 

 

1.2. Literature Review 

1.2.1. Rice cultivation and GHG emissions 
Rice (Oryza sativa L.) cultivation represents 54% of all GHG emissions from the 

agricultural sector in Vietnam (USAID 2016). Globally, rice has the highest carbon 

footprint of any of the major cereal crops, producing 3.8 Mg carbon dioxide equivalent 

(CO2e) per hectare per season, as compared to 0.7 Mg CO2e per hectare per season 

for wheat and 1.4 Mg CO2e per hectare per season for maize (Linquist et al. 2012; Mosier 

et al. 2006). The primary reason for this difference is that cultivated, continuously-flooded 

wetland rice emits significant quantities of methane gasses during production (Smith et 

al. 2008) and methane gas has a conservative Global Warming Potential (GWP) 25 times 

higher than carbon dioxide (CO2) (Aulakh et al. 2001; Wassmann et al. 2000). More 

recent estimates from the IPCC (2013) state that methane GWP is 28 times higher than 

CO2. Rice paddies are estimated to be responsible for between 10-14% of global 

anthropogenic methane emissions annually (IPCC 2007), and approximately 70% of total 

methane emissions are anthropogenic (El-Fadel and Massoud 2001). 



  

9 

 

 

Flooding a rice paddy with water cuts off the supply of oxygen from the atmosphere to the 

soil, resulting in anaerobic fermentation of organic matter in the soil and, consequently, 

in the production of Methane (Ferry 1992). Methane emissions occur in rice paddies 

because of the production and oxidation of methane by methanogenic and 

methanotrophic bacteria, respectively (Win et al. 2012). Methane is produced in the soil 

by the bacteria and then enters the root system of the rice plants, passing through the 

gas vascular system of the plants to the atmosphere (Alam and Jia 2012). Methane fluxes 

in rice production are affected by several factors, such as the chemical and physical 

properties of soil, fertiliser use (inorganic and organic), air and soil temperatures, 

composition and activity of soil microorganisms, the physiological characteristics of the 

rice cultivars, crop residue management, and water management practices (Bodelier et 

al. 2000). While rice paddies do provide the ideal anoxic freshwater environments for 

methane production (Archer 2007), we should recognise that irrigated lowland rice is not 

only a significant emitter of methane gas but also one of the most promising targets for 

methane gas mitigation (Wassmann et al. 2000). 

 

1.2.2 Alternate wetting and drying 
Lowland rice is often grown in continuously flooded conditions in which the paddy is 

submerged in water from transplant until approximately two weeks before harvest. 

Alternatively, rice can be grown under a management practice known as AWD. AWD is 

a water management technique that follows periods of saturation with periods of aeration. 

One method of allowing the water level in the paddy to fall to approximately 15 cm below 

the surface of the soil before irrigating again ensures the roots constant access to water 

and is called ‘safe AWD’ (Belder et al. 2004; Bouman et al. 2007; Bouman and Tuong 

2001). Water management techniques like AWD (multiple aerations) or midseason 

drainage (MSD) (single aeration), are the easiest way to mitigate methane emissions from 

lowland rice production (Bronson et al. 1997; Cai et al. 1997; Sanchis et al. 2012; 

Wassmann et al. 2000; Yagi et al. 1996). In fact, single aeration, such as MSD and 

multiple aerations, such as AWD irrigation schedules, reduce methane emissions by at 
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least 40% (Wassmann et al. 2000). The lesser of the two mitigation options, MSD, 

reduces methane emissions by 40%, while AWD, classified under the UNFCCC’ multiple 

aeration’ category, reduces methane emissions by 48% (Sander et al. 2015). 

 

The literature has not provided any conclusive evidence on the effect of AWD on rice 

yield. Some studies have found that, compared to continuous flooding (CF), AWD 

reduces yield (Bouman and Tuong 2001; Eriksen et al. 1985), others found that AWD had 

a similar yield to CF rice (Cabangon et al. 2004; Chapagain and Yamaji 2010; Palis and 

Hossain 2004), and others still found that AWD had a higher yield than CF rice (Belder et 

al. 2004; Ceesay et al. 2006; Zhang et al. 2009). Increased yields from AWD could be the 

result of increased nutrient uptake by rice plants under AWD conditions (Yang et al. 2004). 

Sander et al. (2015) reported that while AWD is not likely to have an impact on yield, there 

is some anecdotal evidence to support increased yield as a result of AWD use. Some 

possible explanations for increased yield from AWD use are: (1) lodging-resistant culms 

(stems and stalks), (2) increased tillering, (3) reduced pests and diseases, and (4) better 

soil conditions at harvest (Sander et al. 2015). Nalley et al. (2015) reported that yield loss 

varied depending on the ‘type’ of AWD. As AWD treatments became more restrictive and 

used less water, yield declined relative to the higher levels for CF (Nalley et al. 2015). 

Carrijo et al. (2017) conducted an extensive meta-analysis of 56 different studies 

comparing yields between AWD and CF. The results of their meta-analysis showed that 

AWD reduced yield by 5.4% on average (Carrijo et al. 2017). However, the study also 

found that when water levels were only allowed to drop 15 cm below the surface before 

watering again, known as ‘safe AWD,’ then there were no yield penalties (Carrijo et al. 

2017). Similar results were found by (Bouman et al. 2007).  

 

One potential drawback to AWD is that the practice can increase the cost of weed 

management through increased manual weeding and increased herbicide expenditure 

(Kürschner and Henschel 2010; Rahman 2015). However, in some rice production 

systems, these increased costs can be offset by the reduced costs of irrigation associated 

with AWD. Reductions in water use can be the primary cost savings in rice production 

either directly through water fees or indirectly through fuel costs to run irrigation pumps 
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(Alam et al. 2009; Karim M.R; Alam M.M.; Ladha and Islam M.S.; Islam 2014; Kürschner 

and Henschel 2010). However, depending on the irrigation scheme, pump owners do not 

always pass on the economic savings of reduced water use to other farmers, so to 

facilitate the increased uptake of AWD would require a new agreement between farmers 

and pump owners where these pecuniary benefits are shared (Rahman 2015). 

Additionally, AWD can reduce water consumption by up to 35% with no yield penalty 

(Lampayan et al. 2015).  

 

Various studies have reported that the total production costs of CF rice in Vietnam are 

between $1,091/ha1 to $1,184/ha and the total production costs of AWD rice in Vietnam 

are between $1,046/ha to $1,222/ha (Alam et al. 2009; Basak 2011; Karim M.R; Alam 

M.M.; Ladha and Islam M.S.; Islam 2014; Nargis et al. 2009). Previous studies have 

shown overall irrigation cost savings for AWD farmers as compared to CF farmers ranged 

from $23/ha to $42/ha (Alam et al. 2009; Karim, M.R; Alam, M.M.; Ladha and Islam, M.S.; 

Islam 2014; Kürschner and Henschel 2010). A study from Vietnam reported that farmers 

who participated in AWD had 30% lower irrigation costs than farmers who used CF 

(Quicho 2013). 

 

While AWD is one of the most promising GHG reducing technologies (Richards and 

Sander 2014), showing high abatement potential for rice production in Vietnam (Escobar 

Carbonari et al. 2019), the adoption rate of AWD strongly depends on incentives. 

Monetary incentives are limited to areas where water savings link directly to reduced 

costs (Sander et al. 2015). Increased uptake of AWD can be accommodated by the use 

of meter-based or volumetric-consumption based water rates, rather than other 

commonly used pricing schemes such as area-based or season-based (Tsusaka et al. 

2015). Volumetric-consumption pricing would create a proper incentive structure for 

collection action towards water savings, in contrast to the area- and season-based pricing 

schemes, which have a zero marginal cost of using water (Tsusaka et al. 2015). 

 

 
1 All dollar values ($) in this study are reported in US dollars 
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1.2.3. Irrigation in Vietnam 
Irrigation systems and government support schemes vary across the two deltas of interest 

in this study. As per protocol 143/2003 from the Vietnamese Government, introduced in 

2003 and revised in 2012, the Government shall provide support to local irrigation 

companies through the Department of Agriculture and Rural Development (Government 

of Vietnam 2012). The Government provides different levels of support depending on 

which type of irrigation system farmers are using - pumped irrigation, gravity-fed irrigation, 

or a mix of the two types of irrigation. At the time of this study, the support provided by 

the Government was approximately $72.38/ha/season and $46.39/ha/season for pumped 

irrigation in the Red River and Mekong River Deltas, respectively; $50.38/ha/season and 

$32.19/ha/season for gravity-fed irrigation in the Red River and Mekong River Deltas, 

respectively; and $61.52/ha/season and $36.23/ha/season for mixed irrigation in the Red 

River and Mekong River Deltas, respectively (MARD 2014). 

 

Both the abovementioned deltas in Vietnam have a series of canals to transfer water from 

rivers to farmers’ fields. Canals are classified with numerical values based on their 

proximity to the river. Meaning, canal ones connect directly to the rivers, canal twos are 

offshoots of canal ones, and canal threes are offshoots of canal twos. In total, Vietnam 

has 36,394 kilometres of level one canals, 57,508 kilometres of level two canals, and 

141,149 kilometres of level three canals (MARD 2014). Nearly half of the country’s total 

length of canals are in the Mekong River Delta. In total, there are more than 15,000 

kilometres of level one canals, 27,000 kilometres of level two canals, and 50,000 

kilometres of level three canals in the Mekong River Delta (Trung and Dũng 2015).  

 

Through MARD, the Government covers the cost of maintaining level one and level two 

canals (e.g., dredging) and pays the associated costs of moving water from rivers to canal 

levels one and two. The payment scheme to move the water from the canals into the 

farmers’ fields varies by location. Generally, farmers pay a fee to an organised group, 

such as an agricultural cooperative, water-use organisation, irrigation management 

board, or private pumping station, to move the irrigation water from the canals to their 

fields. In some cases, the fee paid to these organisations bundles irrigation costs (e.g., 
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pumping and canal repairs) with other services such as pest and disease monitoring. The 

cost of this fee is negotiated between farmers and the irrigation providers each season 

and depends on several factors, like elevation changes in the pumping area and the 

number of additional services organisations provide with irrigation.  

 

Farmers in the Mekong River Delta and farmers from the Red River Delta both receive 

the same benefits from the Department of Agriculture and Rural Development to move 

irrigation water to level one and level two canals. Also, both deltas receive government 

support for canal maintenance, such as dredging. However, in the Mekong River Delta, 

the entire budget is used in canal maintenance and the transfer of water from the rivers 

to level one and two canals. In the Red River Delta, there is enough money remaining 

after canal maintenance and moving irrigation water into the canals to provide additional 

support, ranging from approximately $28-$40/ha/season, and paid to the local 

organisation (e.g., cooperative) responsible for moving the irrigation water from the canal 

to the farmers’ fields (IAE 2017). This additional support lowers the price paid for irrigation 

by the farmer and thus reduces the primary economic incentive of AWD use, monetary 

savings from reduced water use.   

 

1.2. Materials and Methods 
The International Rice Research Institute collected the primary, cross-sectional data used 

in this study with their local partner in Vietnam, the Institute for Agricultural Environment. 

Geographical selections of respondents were based on a priori of knowledge of rice-

producing river deltas, where at least some of the population used AWD. Once 

communes were selected, enumerators worked with local cooperative leaders to select 

farmers using a stratified random sampling procedure for AWD and CF farmers, based 

on the irrigation technique used in the previous season. The study area covers the two 

main rice-producing river deltas in Vietnam, the Mekong River Delta, and the Red River 

Delta. A total of 225 farmers, 45 from each province, were interviewed in An Giang, Hai 

Duong, Kien Giang, Soc Trang, and Thai Binh Provinces (Figure 1.1). We collected 

household data on the primary variables of interest – perceptions of AWD, agricultural 
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information sources, and perception of receiving a water subsidy, as well as 

socioeconomic control variables such as technology awareness, self-reported risk 

preference, and socioeconomic variables including farm costs, revenues, and 

productivity. 

 

 
Figure 1.1: Location of study: interviews conducted in shaded provinces 

 

We investigate factors that influence a smallholder farmer’s decision whether or not to 

use AWD, using conditional logit analysis, first developed by McFadden (1973).2 

 
2 More precise theoretical information on McFadden’s conditional logit can be found in: (Maddala, 1983; 

McFadden, 1978, 1974, 1973; McFadden and Train, 2000; Train, 2003) 



  

15 

 

Understanding human choice behaviour has been a long-running interest in the field of 

economics. However, understanding this is a complicated task primarily based on 

observed behaviour. Part of the difficulty, as noted by McFadden (1973), is that the 

econometrician cannot observe or control all the factors that may influence behaviour. 

Additionally, the process of observation itself influences the decision-maker. This lack of 

control makes it necessary to make statistical inferences from individual choice behaviour 

sampled from a population of individuals. For this study, our population of interest is 

smallholder rice producers in Vietnam. 

 

In a conditional logit model, each individual, 𝑖𝑖, receives some perceived level of utility 

from each choice alternative, 𝑗𝑗. This perceived utility of farmers, 𝑈𝑈, is the sum of two 

elements, one deterministic and one random. Conditional logit models often take the 

following form: 

 𝑈𝑈𝑖𝑖𝑖𝑖 = 𝑋𝑋𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑖𝑖𝑖𝑖, (1.1) 

 

where the utility, 𝑈𝑈𝑖𝑖𝑖𝑖 , is the sum of the deterministic element, 𝑋𝑋𝑖𝑖𝑖𝑖, and the random element, 

𝑒𝑒𝑖𝑖𝑖𝑖. The deterministic element is typically modeled as a function of individual attributes of 

the decision-makers as well as attributes of the choice alternative. The random element 

is assumed to have the following standard type I extreme value distribution: 

 

 𝑓𝑓�𝑒𝑒𝑖𝑖𝑖𝑖� = exp�−𝑒𝑒𝑖𝑖𝑖𝑖 − exp�−𝑒𝑒𝑖𝑖𝑖𝑖��. (1.2) 

 

We also assume that individuals will act rationally in such a way that they seek to 

maximise their utility. As such, each individual, 𝑖𝑖, will select a choice alternative, 𝑗𝑗, that 

maximises their perceived utility, 𝑈𝑈𝑖𝑖𝑖𝑖. The probability that individual 𝑖𝑖 will select choice 

alternative 𝑗𝑗 is: 

 𝜋𝜋𝑖𝑖𝑖𝑖 = Pr(𝑌𝑌𝑖𝑖 = 𝑗𝑗) = Pr�max�𝑈𝑈𝑖𝑖1, … ,𝑈𝑈𝑖𝑖𝑖𝑖� = 𝑈𝑈𝑖𝑖𝑖𝑖� (1.3) 

 

Following Maddala (1983 p.60-61), equation 1.3 can be expressed as a conditional logit 

model: 
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 𝜋𝜋𝑖𝑖𝑖𝑖 = exp(𝑋𝑋𝑖𝑖𝑖𝑖)
∑exp�𝑋𝑋𝑖𝑖𝑖𝑖�

. (1.4) 

 

However, because the smallholder rice producers in this study only have two choice 

alternatives, the problem can be solved using a standard logistic regression model. The 

logistic model is used to estimate the deterministic element, 𝑋𝑋𝑖𝑖𝑖𝑖, from equation 1.1. 

Attributes observed about the individuals and choice alternatives make up 𝑋𝑋𝑖𝑖𝑖𝑖. In this 

model, the choice alternatives can be considered as a set with two elements, 𝑗𝑗 =

{𝐴𝐴𝐴𝐴𝐴𝐴,𝐶𝐶𝐶𝐶}. For the logistic regression model to accurately predict the choice alternative 

of each individual, it must be that: 

 

 𝑋𝑋𝑖𝑖,𝐴𝐴𝐴𝐴𝐴𝐴 + 𝑒𝑒𝑖𝑖,𝐶𝐶𝐶𝐶 ≥ 𝑋𝑋𝑖𝑖,𝐶𝐶𝐶𝐶 + 𝑒𝑒𝑖𝑖,𝐴𝐴𝐴𝐴𝐴𝐴 , (1.5) 

 

for all farmers who use AWD and: 

 

 𝑋𝑋𝑖𝑖,𝐶𝐶𝐶𝐶 + 𝑒𝑒𝑖𝑖,𝐴𝐴𝐴𝐴𝐴𝐴 > 𝑋𝑋𝑖𝑖,𝐴𝐴𝐴𝐴𝐴𝐴 + 𝑒𝑒𝑖𝑖,𝐶𝐶𝐶𝐶, (1.6) 

 

for all farmers who continuously flood their paddies.  

We use a logistic regression model to estimate the farmers’ decisions to practice AWD or 

not. The model follows the standard logistic regression model in the form:  

 

 𝑌𝑌𝑖𝑖 = 𝐶𝐶 �𝛽𝛽0 + �𝛽𝛽𝑘𝑘𝑋𝑋𝑖𝑖𝑘𝑘

𝑛𝑛

𝑘𝑘=1

� + 𝜇𝜇𝑖𝑖, (1.7) 

 

where 𝑌𝑌𝑖𝑖 is the choice outcome of a farmer using AWD and takes the value: 

 

 𝑌𝑌𝑖𝑖 = �
1:𝐶𝐶𝐹𝐹𝐹𝐹𝐹𝐹𝑒𝑒𝐹𝐹 𝑝𝑝𝐹𝐹𝐹𝐹𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑒𝑒𝑝𝑝 𝐴𝐴𝐴𝐴𝐴𝐴                
0:𝐶𝐶𝐹𝐹𝐹𝐹𝐹𝐹𝑒𝑒𝐹𝐹 𝑑𝑑𝑑𝑑𝑒𝑒𝑝𝑝 𝑛𝑛𝑑𝑑𝑝𝑝 𝑝𝑝𝐹𝐹𝐹𝐹𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑒𝑒 𝐴𝐴𝐴𝐴𝐴𝐴. (1.8) 

 

𝐶𝐶 denotes the use of a standard logistic distribution function, 𝑋𝑋𝑖𝑖 is a vector of 

𝑘𝑘 independent variables (description of variables in Appendix 1.1), and 𝜇𝜇𝑖𝑖 is the error term 



  

17 

 

for each individual 𝑖𝑖. Generally, the regressors in this model are attributes of the individual 

respondents or the objects of choice. We only include attributes in the model that we 

expect to have an impact on the outcome of the decision-maker. Summary statistics for 

the regressors are in Table 1.1.  
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Table 1.1. Summary statistics of logit regressors by outcome variable 
 AWD CF  

 (n=100) (n=125) Difference 

Variable Mean Std. Dev. Mean Std. Dev. AWD-CF 
Primary school or less 0.150 (0.359) 0.224 (0.419) -0.074* 
HH income from farming (%) 78.69 (27.37) 70.93 (28.67) 7.759** 
Technology awareness 0.320 (0.973) -0.256 (0.950) 0.576*** 
Self-reported risk preference 3.660 (0.879) 3.232 (0.985) 0.428*** 
AWD water use expectation 2.040 (0.634) 2.184 (0.652) -0.144** 
AWD fertiliser expectation 2.430 (0.714) 2.592 (0.763) -0.162* 
AWD pest expectation 2.480 (0.745) 2.584 (0.774) -0.104 
AWD weed expectation 2.610 (0.931) 3.096 (0.884) -0.486*** 
AWD weather loss expectation 2.770 (0.664) 2.824 (0.597) -0.054 
AWD costs expectation 2.320 (0.679) 2.528 (0.809) -0.208** 
AWD lodging expectation 1.970 (0.643) 2.144 (0.692) -0.174** 
AWD harvest expectation 3.500 (1.142) 3.568 (1.095) -0.068 
AWD soil quality expectation 3.590 (0.698) 3.528 (0.799) 0.062 
AWD yield expectation 3.920 (0.614) 3.752 (0.656) 0.168** 
AWD calendar expectations 3.650 (0.716) 3.696 (0.710) -0.046 
Ag info TV/radio 0.800 (0.402) 0.800 (0.402) 0.000 
Ag info local staff 0.880 (0.327) 0.768 (0.424) 0.112** 
Ag info company 0.390 (0.490) 0.392 (0.490) -0.002 
Ag info NGO 0.430 (0.498) 0.056 (0.231) 0.374*** 
Ag info neighbour 0.520 (0.502) 0.488 (0.502) 0.032 
Perceived water subsidy 0.150 (0.359) 0.344 (0.477) -0.194*** 

Note: '***','**', and'*' are significant t-test differences at the 1%, 5%, and 10% level, respectively 
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1.3. Results and discussion 

1.3.1. Conditional Logit Model 
Results of the conditional logit analysis as well as the marginal effects (Δ𝑌𝑌/Δ𝑋𝑋), taken at 

the means can be seen in Table 1.2. By taking the marginal effects at the mean, the 

model reports the change in the percent likelihood of using AWD for a one-unit change in 

the independent variables for the average value of each independent variable. Table 1.2 

reports the independent variables that are likely to influence farmers’ individual choices 

on whether to use AWD, following McFadden’s conditional logit model. The logit models 

shown in Table 1.2 predicted the outcome correctly 79.11% of the time for the pooled 

sample, 82.22% of the time for the Mekong River Delta, and 91.11% of the time for the 

Red River Delta, as seen in Appendices 1.2 –12.4. 
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Table 1.2. Results of the conditional logit model marginal effects 
 Pooled Sample Mekong River Red River 
Variable Δ𝑌𝑌/Δ𝑋𝑋ǂ Std. Err. Δ𝑌𝑌/Δ𝑋𝑋ǂ Std. Err. Δ𝑌𝑌/Δ𝑋𝑋ǂ Std. Err. 
Primary school or less -0.016 0.069 0.013 0.076 0.024 0.208 
Farm income (%) 0.002** 0.001 0.001 0.001 0.004*** 0.002 
Technology awareness 0.100*** 0.029 0.130*** 0.045 0.107* 0.056 
Self-reported risk 0.083*** 0.028 0.136*** 0.035 -0.035 0.045 
AWD water use expectation -0.036 0.038 -0.096** 0.046 0.091 0.075 
AWD fertiliser expectation -0.032 0.032 0.014 0.040 -0.060 0.055 
AWD pest expectation 0.007 0.029 0.005 0.034 0.003 0.061 
AWD weed expectation -0.076** 0.030 -0.118** 0.049 -0.062 0.040 
AWD weather loss expectation 0.048 0.030 0.053 0.046 0.041 0.031 
AWD costs expectation -0.018 0.032 -0.051 0.046 -0.001 0.036 
AWD lodging expectation -0.044 0.031 -0.001 0.046 -0.080 0.054 
AWD harvest expectation -0.027 0.026 -0.024 0.033 0.030 0.048 
AWD soil quality expectation -0.014 0.033 0.077 0.048 -0.049 0.040 
AWD yield expectation 0.045 0.032 -0.019 0.040 0.110* 0.057 
AWD calendar expectations -0.018 0.030 -0.040 0.041 -0.089** 0.043 
Ag info TV/radio -0.143** 0.073 -0.319*** 0.098 0.050 0.117 
Ag info local staff 0.196** 0.078 0.200** 0.093 -0.143 0.210 
Ag info company -0.107* 0.064 -0.139 0.086 -0.112 0.139 
Ag info NGO 0.352*** 0.071 0.301*** 0.096 0.400** 0.163 
Ag info neighbour 0.124** 0.056 0.151* 0.082 0.067 0.089 
Perceived subsidy -0.205*** 0.062 -0.075 0.086 -0.210** 0.087 

Note: '***','**', and'*' are significant at the 1%, 5%, and 10% level, respectively 
ǂ: Marginal effects taken at the means of all variables 
 

Respondents were asked a series of Likert scale questions about their expectations of 

AWD to determine if these expectations influenced their choice to use the practice. 

Questions were asked about some less-known potential advantages of AWD, such as 

reduced lodging, some better-known advantages such as reduced irrigation water use, 

as well as some better-known disadvantages of AWD such as increased number of 

weeds in the field. A Farmer’s expectation of the number of weeds in the field was the 

only significant factor in the pooled sample; farmers who believed AWD would increase 

the number of weeds in the field were less likely to use AWD. This result held in the 

Mekong River Delta but not in the Red River Delta. A farmer’s expectation of yield 

differences from using AWD was also a significant factor in the Red River Delta, albeit 

only at the ten percent level of significance. Farmers who believed that AWD would 

increase their yield were more likely to use AWD. There is not strong evidence in the 
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literature that AWD increases yield, but there is strong evidence that AWD reduces water 

consumption. The expectation of water use from using AWD was a significant factor in 

the Mekong Delta. Famers who were more likely to use AWD if they believed that it would 

reduce water consumption. This result is a significant finding because reduced water 

consumption, and therefore, reduced irrigation cost is the primary economic incentive for 

farmers to use AWD. 

 

Whether or not farmers perceive that they receive an irrigation subsidy or not could be 

mitigating the economic incentive realised by reduced water consumption. Results for the 

pooled sample indicate that farmers are 20% less likely to use AWD if they perceive that 

they receive an irrigation subsidy. This result only holds in the Red River Delta, and the 

magnitude of the effect increases to 21%. This outcome is intriguing because, as 

previously described in the literature review section, a farmer from the Mekong River 

Delta receives the same subsidy amount as any other farmer from that delta, and a farmer 

from the Red River Delta receives the same subsidy amount as any other farmer from 

that delta. However, following this subsidy scheme, farmers located nearer to the 

irrigation canals effectively pay a lower price for irrigation than those living further away. 

For example, one commune in the Red River Delta, Ngu Phuc, is located near the river 

Song Van Uc and only pays $15.03/ha for irrigation compared to the average price of 

$38.61/ha paid by the other farmers in the Red River Delta. These farmers in Ngu Phuc 

do not have the same economic incentives to reduce water consumption through AWD 

use and, therefore, do not use the practice. The current irrigation subsidy scheme is 

reducing incentives for some farmers to use AWD. 

 

Sources of agricultural information, which were measured using a series of binary (yes, 

no) questions, was also found to affect farmers’ decisions whether or not to use AWD. 

Results for the pooled sample in table 1.2 show that receiving agricultural information 

from TV/radio and private agricultural companies both reduced the likelihood of using 

AWD by 14.3% and 10.7%, respectively. Conversely, receiving agricultural information 

from local staff (e.g., local extension officers), NGOs, or a neighbour increased the 

participants’ likelihood to use AWD by 19.6%, 25.2%, and 12.4%, respectively. All of 
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these results held in the Mekong River Delta, with some variations in the magnitude of 

the effect and the significance level.  However, the effect of information sources on AWD 

use was less important in the Red River Delta, where only receiving information from an 

NGO had a positive and significant effect. Farmers in the Red River Delta are less 

responsive to information sources than farmers in the Mekong River Delta. 

 

Other control variables used in the model also had a significant effect on AWD use. 

Farmers in the Red River Delta and the pooled sample were more likely to use AWD as 

the share of agricultural income as an overall percentage of household income increased. 

Additionally, farmers in the Mekong River Delta and the pooled sample were more likely 

to use AWD if they were aware of a higher number of climate-smart 

technologies/practices, as well as if they considered themselves to be more risk-loving 

than their neighbours.   

 

1.3.2. Cost and Return 
To understand if the expectations of AWD from the previous section are the reality seen 

by farmers, a cost and return analysis was conducted, which covered income, costs, and 

yield for farmers. The results of this analysis are shown in Table 1.3 for the pooled sample, 

as well as by river delta. We disaggregate costs by each production process and include 

the costs of materials, machines, fuel, and labour. Income and costs were converted to 

USD from VND using the local exchange rate at the time of the survey. Results are divided 

by the farmers who use AWD and those farmers who use the traditional practice, CF. 
  



  

23 

 

Table 1.3. Cost and return by AWD usage. 
 Pooled Sample Mekong River Delta Red River Delta 
 AWD CF Diff.Ŧ AWD CF Diff. Ŧ AWD CF Diff. Ŧ 
Yield (kg/ha) 6,498.11 6,044.61 453.5*** 7,040.451 6,498.291 542.16*** 5,684.60 5,364.08 320.52** 
 (946.41) (1,037.84)  (668.48) (858.31)  (682.91) (908.62)  
Rice price (USD/kg) 0.30 0.30 0.00 0.27 0.27 0.00 0.35 0.34 0.01** 
 (0.05) (0.06)  (0.02) (0.03)  (0.05) (0.06)  
Gross income 1,907.02 1,749.14 157.88*** 1,864.45 1,717.89 146.55*** 1,970.89 1,796.00 174.89*** 
 (234.32) (245.89)  (218.61) (247.93)  (245.16) (237.58)  
Cost-land prep 135.23 131.4 3.83 100.34 71.59 28.75*** 187.55 221.12 -33.57** 
 (85.85) (93.76)  (64.76) (38.49)  (87.67) (79.51)  
Cost-planting 96.19 94.19 2.00 104.41 98.82 5.59 83.86 87.23 -3.37 
 (61.46) (59.1)  (39.21) (36.38)  (83.69) (82.20)  
Cost-fertiliser 201.47 200.73 0.74 178.59 177.11 1.49 235.79 236.17 -0.38 
 (83.14) (74.01)  (55.19) (52.69)  (104.51) (86.79)  
Cost-weeding 20.93 13.67 7.26*** 26.28 18.24 8.03*** 12.92 6.81 6.11*** 
 (18.83) (10.71)  (22.23) (11.20)  (6.52) (4.58)  
Cost-pest control 38.25 31.19 7.06** 37.39 35.88 1.51 39.53 24.16 15.37** 
 (32.67) (29.65)  (23.45) (35.35)  (43.29) (15.93)  
Cost-irrigation 34.88 37.33 -2.45 43.99 44.99 -1.00 21.21 24.73 -3.52 
 (29.97) (29.01)  (34.74) (30.16)  (11.57) (18.44)  
Cost-harvest 117.13 114.05 3.08 83.18 91.18 -7.99*** 168.06 148.37 19.69** 
 (52.02) (38.95)  (13.52) (11.41)  (46.46) (40.49)  
Cost-post harvest 3.04 4.57 -1.53 0.08 0.09 -0.01 7.50 11.28 -3.78* 
 (8.03) (10.45)  (0.45) (0.76)  (11.38) (14.11)  
Total costs 647.12 627.13 19.99 574.27 537.90 36.37** 756.41 759.87 -3.46 
 (195.2) (175.98)  (150.14) (92.90)  (205.42) (187.07)  
Net income 1,259.90 1,122.01 137.89*** 1,290.18 1,180.00 110.18*** 1,214.48 1,036.13 178.35*** 
 (284.94) (300.41)  (241.11) (263.19)  (338.58) (332.20)  

Note: '***',' **', and'*' are significant at the 1%, 5%, and 10% level, respectively 

Ŧ: Difference is AWD – CF and all significance tests determined using t-test 
Values in parentheses are standard errors 
All values are reported in USD per hectare unless indicated otherwise 
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In all cases, for the pooled sample or the individual river deltas, the net income is always 

higher for farmers who were using AWD. This effect seems to be driven primarily by the 

increased yields realised by AWD farmers. The literature is divided into the effect of AWD 

on farmers’ yields. As described in the literature review, some studies have found that 

AWD reduces yield (Bouman and Tuong 2001; Eriksen et al. 1985), others found that 

AWD increases yield (Belder et al. 2004; Ceesay et al. 2006; Zhang et al. 2009), and 

others found that there is no effect on yield (Cabangon et al. 2004; Chapagain and Yamaji 

2010; Palis and Hossain 2004). In our results, farmers’ expectations that AWD increases 

yields, are consistent with the results of the cost and return section; farmers practicing 

AWD do have higher yields. 

 

We find the cost of weeding to also be significantly higher in all cases, for the pooled 

sample or the individual river deltas. Previous studies find similar results of higher 

weeding costs (Kürschner and Henschel 2010; Rahman 2015). The absence of water 

during the drying period allows for weed establishment in the paddy, and the constant 

flooding in CF rice production does not allow for weed establishment. The number of 

weeds in the field was a significant factor in a farmer’s decision to use AWD or not from 

the previous section.  

 

Farmers’ expectations that AWD use increases the costs of weed control, found in the 

choice model, are warranted. The increased cost of weed control is the most substantial 

economic disincentive of AWD use, and the farmers we surveyed seem to be well aware 

of this disincentive. Their expectations of increased weeding costs with AWD use match 

the economic reality in their fields. 

 

The most significant economic incentive to using AWD, reduced irrigation cost, was not 

the economic reality seen for the surveyed farmers. In the previous section, the 

expectation of lower water use while using AWD was a significant factor for farmers in the 

Mekong River Delta to use the practice. These expectations, however, did not translate 

into reality as there is no significant difference in the prices paid for irrigation between 

AWD and CF farmers at any level. However, if irrigation cost is disaggregated for CF 
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farmers by their response to receiving an irrigation subsidy or not, significant differences 

in the cost paid by CF and AWD farmers emerge (Figure 1.2). CF farmers who reported 

that they received an irrigation subsidy paid $17.97/ha. This cost is significantly less than 

AWD farmers who reported that they did not receive a subsidy, $33.17/ha, and other CF 

farmers who reported that they did not receive a subsidy, $46.81/ha. The fact that there 

was no difference in the average cost paid for irrigation in Table 1.2 looks to be driven by 

the perception of an irrigation subsidy. The distributions of irrigation costs seen in Figure 

1.2 show that the average cost paid by AWD farmers is approximately centred between 

the reported irrigation cost for CF farmers. CF farmers who reported that they did receive 

a subsidy fall below AWD farmer, paying $15.20/ha less, and CF farmers who reported 

that they did not receive a subsidy fall above AWD farmers, paying $13.64/ha more. Both 

irrigation costs reported by CF farmers were significantly different from the irrigation cost 

paid by AWD farmers. 

  
Figure 1.2: Distribution of irrigation costs by perceived subsidy and AWD use 
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1.4. Conclusions 
The study found that the expectations of AWD were important determinants of the use of 

AWD. In either the pooled sample or when looking at individual river deltas, the 

expectation of higher yields and lower irrigation cost increased a farmer’s likelihood to 

use AWD while increased weed cost decreased a farmer’s likelihood to use AWD. 

Additionally, yield expectations matched reality for farmers surveyed in this study; we find 

AWD farmers to have higher yields compared to CF farmers. The same expectations-

matching-outcomes were seen for irrigation costs, but only if the perceived subsidies are 

considered. The cost and return results showed no difference in the costs of irrigation 

between AWD and CF farmers, but there is a difference between AWD and CF farmers 

when the perceived subsidies are considered. Lastly, evidence of expectations matching 

outcomes was seen in farmers’ expectations of weeds increasing with AWD use. This 

expectation decreased the likelihood of that farmer using AWD, and the results of the cost 

and return analysis showed that AWD farmers did pay more for weed control than CF 

farmers.  

 

The most significant economic disincentive of AWD, increased weeds, are well 

understood by farmers in this study. Not only does this affect their use of AWD, but the 

results of the cost and return analysis show strong support for this expectation being 

accurate. There is less evidence, however, that the most significant economic incentive 

of AWD, decreased water use, is well understood. It was only a significant determinant in 

AWD use for farmers in the Mekong River Delta, and the results of the cost and return 

show no significant differences in irrigation costs for AWD and CF farmers. However, we 

show evidence that the benefits of reduced water consumption are offset by the current 

irrigation subsidy scheme in place. CF farmers who report receiving a subsidy pay 

significantly less than AWD farmers, and CF farmers who report receiving a subsidy pay 

significantly more than AWD farmers. 

 

The Vietnamese Government is working towards meeting its stated objectives as it relates 

to the Paris Climate Agreement and its nationally determined contribution. Rice is a 
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significant contributor to GHG emissions in the agricultural sector of Vietnam and, as 

such, has substantial potential to contribute to achieving the nationally determined 

contribution. One of the most promising mechanisms to reduce GHG emissions in rice 

production is AWD, where nearly 50% of GHG emissions can be abated by following the 

recommended irrigation procedures. The main economic benefit of AWD is realised 

through reduced water consumption for irrigation and thus lower irrigation costs. The 

Government can use its control of irrigation subsidies to influence the price of irrigation 

for farmers. We observe the effect of this subsidy in our study. If a farmer perceives that 

they receive an irrigation subsidy, they are less likely to adopt AWD by as much as 21%. 

This effect is most pronounced in the Red River Delta, where farmers receive support 

from the Government to move irrigation water from the canals to the fields. In the Mekong 

River Delta, farmers do not receive this support, and additionally, there is no reported 

effect of perceived irrigation subsidies. 

 

The Vietnamese Government can use AWD to abate GHG emissions and move closer to 

achieving their nationally determined contribution without burdening themselves or 

Vietnamese farmers with additional costs to production. The promotion of AWD can be 

achieved by changing expectations through proper channels of agricultural information, 

particularly in the Mekong River Delta, where farmers in this study were more responses 

to sources of agricultural information. Furthermore, as the perceived water subsidy 

variable shows, AWD use can be improved by adjusting the incentives around irrigation, 

specifically in the Red River Delta. A combination of these efforts could help Vietnam 

mitigate GHG emissions from rice production and move closer to obtaining its nationally 

determined contribution to the Paris Climate Agreement. 
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1.6. Appendices 

Appendix 1.1: Description of variables used in equation (1.7). 
Variable Description 
Primary school or less Highest education is primary school or less (1=yes) 
HH income from farming (%) Percent of household income from farming 
Technology awareness Normalised number of technologies known 
Self-reported risk preference Normalised Likert - self-reported risk preference  
AWD water use expectation Normalised Likert - AWD water use compared to CF 
AWD fertiliser expectation Normalised Likert - AWD fertiliser use compared to CF 
AWD pest expectation Normalised Likert - AWD loss from pest compared to CF 
AWD weed expectation Normalised Likert - AWD weeds in the field compared to CF 
AWD weather loss 
expectation 

Normalised Likert - AWD poor weather yield loss compared to CF 

AWD costs expectation Normalised Likert - AWD production costs compared to CF 
AWD lodging expectation Normalised Likert - AWD lodging compared to CF 
AWD harvest expectation Normalised Likert - AWD ease of harvest compared to CF 
AWD soil quality expectation Normalised Likert - AWD quality of soil compared to CF 
AWD yield expectation Normalised Likert - AWD yield compared to CF 
AWD crop cal. expectation Normalised Likert - AWD ease of planning crop calendar compared to 

CF 
Ag info TV/radio Receive agricultural information from TV or radio (1=yes) 
Ag info local staff Receive agricultural information from local staff (1=yes) 
Ag info company Receive agricultural information from agricultural company (1=yes) 
Ag info NGO Receive agricultural information from NGO (1=yes) 
Ag info neighbour Receive agricultural information from a neighbour (1=yes) 
Perceived water subsidy Respondent perceives receiving a water subsidy (1=yes) 
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Appendix 1.2: Hit miss table of conditional logit model – all deltas 

 
 

 

 

 

  

                                                  
Correctly classified                        79.11%
                                                  
False - rate for classified -   Pr( D| -)   21.74%
False + rate for classified +   Pr(~D| +)   19.54%
False - rate for true D         Pr( -| D)   30.00%
False + rate for true ~D        Pr( +|~D)   13.60%
                                                  
Negative predictive value       Pr(~D| -)   78.26%
Positive predictive value       Pr( D| +)   80.46%
Specificity                     Pr( -|~D)   86.40%
Sensitivity                     Pr( +| D)   70.00%
                                                  
True D defined as awd != 0
Classified + if predicted Pr(D) >= .5

   Total           100           125           225
                                                  
     -              30           108           138
     +              70            17            87
                                                  
Classified           D            ~D         Total
                       True         

Logistic model for awd
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Appendix 1.3: Hit miss table of conditional logit model – Mekong River Delta 

 
 

  

                                                  
Correctly classified                        82.22%
                                                  
False - rate for classified -   Pr( D| -)   16.00%
False + rate for classified +   Pr(~D| +)   20.00%
False - rate for true D         Pr( -| D)   20.00%
False + rate for true ~D        Pr( +|~D)   16.00%
                                                  
Negative predictive value       Pr(~D| -)   84.00%
Positive predictive value       Pr( D| +)   80.00%
Specificity                     Pr( -|~D)   84.00%
Sensitivity                     Pr( +| D)   80.00%
                                                  
True D defined as awd != 0
Classified + if predicted Pr(D) >= .5

   Total            60            75           135
                                                  
     -              12            63            75
     +              48            12            60
                                                  
Classified           D            ~D         Total
                       True         

Logistic model for awd
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Appendix 1.4: Hit miss table of conditional logit model – Red River Delta 

 

  
                                                  
Correctly classified                        91.11%
                                                  
False - rate for classified -   Pr( D| -)    9.62%
False + rate for classified +   Pr(~D| +)    7.89%
False - rate for true D         Pr( -| D)   12.50%
False + rate for true ~D        Pr( +|~D)    6.00%
                                                  
Negative predictive value       Pr(~D| -)   90.38%
Positive predictive value       Pr( D| +)   92.11%
Specificity                     Pr( -|~D)   94.00%
Sensitivity                     Pr( +| D)   87.50%
                                                  
True D defined as awd != 0
Classified + if predicted Pr(D) >= .5

   Total            40            50            90
                                                  
     -               5            47            52
     +              35             3            38
                                                  
Classified           D            ~D         Total
                       True         

Logistic model for awd
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Chapter 2: Climate Change Adaptation Strategies Vary 
with Climate Change Stress: Evidence from Three 
Regions of Vietnam 
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2.1. Introduction 
The overwhelming consensus of experts is that the climate is changing, and humans are 

responsible (Oreskes 2004, Doran and Zimmerman 2009). Climate change refers to 

changes in the mean or variability of climate that persists over an extended period, 

typically of at least a decade, such as global warming (IPCC 2018). Increased global 

temperatures bring unprecedented risks to vulnerable populations as a result of disrupting 

natural systems – examples are increases in the frequency and severity of droughts, 

floods and other extreme weather events; increased global sea-level rise; and biodiversity 

loss (IPCC 2012, IPCC 2014, Mysiak, Surminski et al. 2016).  

 

Vietnam is especially vulnerable to the effect of climate change because of its geography 

and population demographics. A report from ADB (2009) concluded that many of the 

countries of Southeast Asia are especially vulnerable to the impacts of climate change 

because of their long coastlines, high concentration of human and economic activity in 

coastal regions, large and growing populations, and importance of agriculture as a source 

of employment and income. Vietnam’s vulnerability is high because of its large cities, 

coastal regions, and high mountain ranges (Albert, Bronen et al. 2018). Additionally, low-

lying river deltas add to its vulnerability and make it one of the most affected countries 

from adverse climate change stresses, such as flooding, saltwater intrusion, and drought 

(Dasgupta, Laplante et al. 2007, Dasgupta, Laplante et al. 2011). Rural communities that 

rely on agriculture are some of the most vulnerable populations to climate change 

because they often have a vulnerable livelihood, reduced adaptive abilities, and live in 

high-risk areas (Dung and Sharma 2017). 70% of Vietnam’s population lives in rural 

areas, and around 60% of the rural population relies on agriculture for their incomes 

(Bergstedt 2015). The effects of climate change are felt disproportionately by poor 

households because their livelihoods are more dependent on agriculture than wealthier 

households (Davies, Guenther et al. 2009), and climate change decreases agricultural 

productivity and food security (Iglesias, Quiroga et al. 2011). For example, temperature 

increases are expected to decrease crop output (Johnston, Hoanh et al. 2010) and 

livestock output because of an increased incidence of pests and diseases (IPSONRE 
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2009). Increased climate variability will most threaten communities that rely on resources 

because of their increased vulnerabilities and risk exposure; this is especially true in rural 

development and agricultural sectors (IPCC 2012). Climate change stresses will be felt 

especially hard by agricultural households. There is evidence that these communities are 

already feeling these effects. A recent study by Trinh, Rañola Jr et al. (2018), found that 

farmers in their study are losing 20% of their annual income from agriculture as a result 

of climate change.  

 

Climate change stresses are expected to increase in Vietnam in the future, with severe 

consequences. Studies have forecast increasing average temperatures, sea-level rise, 

changing precipitation, and increasing drought in regions of Vietnam (Cuong 2008, IPCC 

2014). IPSONRE (2009) forecast regional climate change, including the three regions 

covered in our study, the Red River Delta, Central Vietnam, and the Mekong River Delta. 

Some of these regional forecasts are the same, such as increasing temperature, 

frequency and intensity of storms, and drought. Other forecasts are variable over regions, 

Central Vietnam is forecast to have increased rainfall in addition to their seasonal drought, 

and the Mekong River Delta is forecast to be impacted by increased sea-level rise and 

salinity intrusion (IPSONRE 2009). Sea-level rise of one meter is anticipated to cause 

severe impacts to the inhabitants of the Mekong River Delta, Red River Delta, and Ho 

Chi Minh City (MONRE 2009). In total, between 11% to 25% of the country’s population 

could be directly affected, and GDP losses are estimated to be between 10% to 25% with 

a one-meter and three-meter increase in sea level, respectively (Dasgupta, Laplante et 

al. 2007). Declining agricultural production is anticipated because of increasing 

temperatures (IPSONRE 2009) as well as increasing floods and salinisation (Dung and 

Sharma 2017). 

 

With the presence of all of these stresses, the Vietnamese government is not sitting idly 

by. Vietnam, particularly the agricultural and rural development sectors, have developed 

comprehensive climate change policies with consideration given to adaptation and 

mitigation (Dung and Sharma 2017). Examples include the creation of the National 

Climate Change Strategy in 2011, which lays out strategic objectives to be accomplished 
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by 2050, or the creation of the National Committee on Climate Change created in 2012 

(McKinley, Adaro et al. 2015)3. However, there are opportunities for improvement by 

bringing in more local stakeholders. Dung and Sharma (2017) note that while the Ministry 

of Agriculture and Rural Development is ahead in developing policy frameworks for 

climate change adaptation, current systems do not adequately address the private sector 

and local community involvement in responses. Similarly, a key informant interview from 

McKinley, Adaro et al. (2015) finds that policy still follows a top-down approach, with 

almost no consultation with local communities or organisations. Comprehensive policies 

with guiding rules to increase the participation of local communities and mechanisms to 

incentivise them to take part in climate change mitigation and adaptation are essential 

(Dung and Sharma 2017). Vietnam has several mitigation options available in agriculture 

(Escobar Carbonari, Grosjean et al. 2019), but regardless of how much mitigation occurs, 

climate change is already occurring, and adaptation is necessary to overcome these 

changes (Malik, Qin et al. 2010). Adaptation and mitigation are not alternatives and must 

both be pursued, but the costs will influence the choice of policies (Mendelsohn 2012). 

  

There are numerous climate change adaptations,4 falling into different categories and at 

varying costs. A recent study by Christoplos, Ngoan et al. (2017) finds that Vietnamese 

farmers’ adaptations are increasingly autonomous and less capital intensive. 

Autonomous adaptations5 are not conscious adaptations to climatic stimuli, but rather 

spontaneous responses triggered by changes in natural, market or human systems (IPCC 

2018). Autonomous adaptations are widely considered to be reactive and undertaken by 

private actors rather than governments (Malik, Qin et al. 2010). Individuals only adopt 

private adaptations when they are efficient, i.e., when the benefits outweigh the costs, 

because all of the costs and benefits go to the individual who is making the decision 

 
3 See Mckinley, Adaro et al. (2015) and Dung and Sharma (2017) for recent reviews of climate change 

policies in Vietnam. 
4 Climate change adaptation is commonly defined as an adjustment in natural or human systems in reponse 

to actual or expected climate stimuli or their effects, which moderates harm or exploits beneficial 

opportunities (UNFCCC 2020, IPCC 2018)  
5 See Malik, Qin, and Smith (2010) for a review of autonomous adaptations 
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(Mendelsohn 2000, Mendelsohn 2012). Autonomous responses are more often short-run 

adaptations because the impacts are less uncertain, and benefits are more predictable 

(Stern 2007). Long-run are less common than short-run adaptations because of the 

uncertainty and more substantial capital investments involved in long-term investments 

(Stern 2007). Individuals will make efficient adaptations if they have the resources to do 

so, but unexpected stress can lead to disruptions in livelihoods, resulting in increased 

vulnerability from reduced access to social, political, and economic resources (Adger 

1999). Microfinance has the potential to play a significant role in autonomous adaptations 

by providing households with access to necessary resources (Malik, Qin et al. 2010). 

Agrawala and Carraro (2010) note in their review that the nature of microfinance lending, 

large volume and low-value loans is consistent with the needs for adaptation – providing 

large volumes of decentralised loans. Their review found that significant overlaps already 

exist between climate change adaptation and microfinance lending. Hammill, Matthew et 

al. (2008) argue that microfinance builds resiliency in households by making them less 

vulnerable to shocks from climatic stresses and more capable of coping with the impacts; 

as they put it,  “the logic here is simple – the more assets and capabilities people have, 

the less vulnerable they are.”  

 

We are not the first researchers interested in how agricultural households are adapting to 

climate change in Vietnam. There have been numerous studies about varying topics 

within climate change responses in Vietnam (see: Nguyen, Hoang et al. 2013, Le Dang, 

Li et al. 2014, Christoplos, Ngoan et al. 2017, McElwee, Nghiem et al. 2017, Trinh, Rañola 

Jr et al. 2018, Waibel, Pahlisch et al. 2018, Ylipaa, Gabrielsson et al. 2019), including 

studies that used subsets of the same dataset that we use in our analysis (Mishra and 

Pede 2017, Duffy, Pede et al. 2020). The intentions of these publications are primarily the 

same as ours, to provide insights to policymakers in order to strengthen climate change 

policy in Vietnam. While the previous literature adds to the discussion in a meaningful 

way, we believe that gaps in knowledge still exist and that we can fill some of these voids. 

Our study is unique from previous studies in that it covers more regions of Vietnam, while 

also covering multiple climate change stresses. Additionally, we can identify which 

stresses elicit specific responses from individuals. The purpose of this study is to 
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investigate how climate change adaptation in rice-producing households of Vietnam vary, 

depending on the primary climate stresses and resulting impacts observed by individuals.  

 

2.2. Methods and Data 

2.2.1. Data collection 
Data for this study come from household interviews conducted by the International Rice 

Research Institute with their local partners in Vietnam; the Institute of Policy and Strategy 

for Agriculture and Rural Development, and the Vietnam National University of Agriculture 

as part of the Consultative Group on International Agricultural Research Program on 

Climate Change, Agriculture, and Food Security. The data collection occurred in three 

rounds of surveys, with collection occurring in the Mekong River Delta, followed by the 

Red River Delta, and finally in central Vietnam. These three survey rounds are inclusive 

of seven provinces of Vietnam, as seen in Figure 2.1. The survey resulted in a total of 

1,306 unique respondents, comprised of husbands and wives from 653 rice-producing 

households. Missing responses for the key choice variables reduced the number of 

observations used to 1,290 for the household choice model and 1,244 for the agricultural 

choice model. 
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Figure 2.1: Provinces covered by three separate surveys in Vietnam. 

Enumerators used a priori knowledge of areas facing different climate change issues to 

select provinces, districts, communes, and villages for data collection. Once villages were 

selected, the village head (or similar) provided a list of farmers with at least ten years of 

rice-farming experience to the enumerators. Survey participants were then selected using 

a stratified random sampling procedure with equal numbers of respondents from each 

village.  
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2.2.2. Data description 
We are chiefly interested in how individual responses vary, depending on which climate 

change stress most affects each respondent and which impacts are brought on by the 

reported stress. To investigate this problem, we look at two levels of autonomous 

adaptations. For the household level, we use  responses to the question,  “What coping 

strategies do you do in response to the negative impacts of this stress?” and for the 

agricultural level, we use responses to the question, “What changes in your farming 

activities did you do during this stress?” We argue for causality in these responses 

because of the structure of the survey. The questionnaire asks respondents to identify all 

climate change stresses that are present in their area and then identify the one that most 

affects them from a list of stresses, previously identified to be present in Vietnam. The 

definition of these stresses and their material impact on rice production are: 

 

 Flooding is extended periods of excessive rainfall, beyond the normal limits for a 
region. Rice crops exposed to flooding for prolonged periods can fail. 

 Storms are disturbances in the atmosphere that result in periods of strong winds 
and heavy rainfall. Heavy winds can destroy rice plants in the paddy through 
lodging, and sudden rainfall from storms can erode soil and destroy crops. 

 Salinity intrusion is the movement of seawater inland into freshwater aquifers 
and rice paddies. When soils become too saline from saltwater intrusion, they are 
no longer suitable to grow rice. 

 Sea-level rise is an increase in global sea level, which encroaches into low-lying 
coastal lands. Suitable agricultural land can be lost to the encroaching sea, or 
farmers may be forced to invest in expensive infrastructure to protect low-lying 
coastal lands. 

 Drought is a shortage of water resulting from an extended period of low rainfall. 
Periods of drought can increase rice farmers’ irrigation costs or even result in total 
crop failure when irrigation is either not available or too costly. 

 Heat is extended periods of above-average temperatures. High temperatures, 
particularly during the flowering period, can cause low yields or total crop failure in 
rice plants, as a result of spikelet sterility.  

 
All proceeding questions refer to the response for stress that most affects them, including 

the resulting impacts and autonomous adaptations. Respondents reported which impacts 

they experienced as a result of the climate change stress by answering a series of binary 

yes-no questions to signify that the stress caused any of the following impacts – 
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decreases in rice paddy yield, or increases in rice crop loss (e.g., crop destroyed from 

lodging), food insecurity, indebtedness, or detrimental health impacts. 

 

We model the causal structure of decision making as follows: 

Perceived climate change stress  resulting impacts/outcomes  reported 

autonomous adaptations  

 

Because respondents could have multiple reported responses to climate change, we 

model their choices using a multivariate probit model. To make the use of this model 

feasible, we clustered the original responses for the household and the agricultural 

models into aggregate groups. The group aggregates and the corresponding 

disaggregate responses are in appendix 2.1 and appendix 2.2 for the household and 

agricultural models, respectively. This step is necessary because multivariate probit 

models produce 2𝑛𝑛 choice regimes, where 𝑛𝑛 = the number of dependent variables jointly 

modeled. There were 14 possible original options (i.e., dependent variables) for the 

household model, which results in an unmanageable problem where there are  214 or 

16,384 choice regimes.  

 

2.2.3. Multivariate probit estimation 
The applications estimate multivariate probit models by Genz-Geweke-Hajivassiliou-

Keane (GGHK) simulated maximum likelihood methods. In this study 3N =  and a total of 
32 8=  choice regimes, illustrated here for the individual response survey. The statistical 

model is based on the system of latent variables, 
 

 𝑦𝑦𝑖𝑖𝑖𝑖∗ = 𝒙𝒙𝑖𝑖′𝜷𝜷𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 , 𝑖𝑖 = 1, … , 𝐼𝐼, 𝑗𝑗 = 1, … ,𝑁𝑁, 𝜺𝜺𝒊𝒊𝒊𝒊𝑖𝑖. 𝑖𝑖.𝑑𝑑.𝑁𝑁(0𝑁𝑁 ,𝑹𝑹),𝑹𝑹 = �

1 𝜌𝜌12 … 𝜌𝜌1𝑁𝑁
𝜌𝜌12 1 … 𝜌𝜌2𝑁𝑁
⋮
𝜌𝜌1𝑁𝑁

⋱
…

⋱ ⋮
𝜌𝜌𝑁𝑁−1,𝑁𝑁 1

�,  (2.9) 

 

and the associated observable indicator variables, 
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 𝑦𝑦𝑖𝑖𝑗𝑗 = �
0, iff 𝑦𝑦𝑖𝑖𝑗𝑗

∗ ≤ 0, iff 𝜀𝜀𝑖𝑖𝑗𝑗 ≤ −𝒙𝒙𝑖𝑖′𝛽𝛽𝑗𝑗,

1, iff 𝑦𝑦𝑖𝑖𝑗𝑗
∗ > 0, iff 𝜀𝜀𝑖𝑖𝑗𝑗 > −𝒙𝒙𝑖𝑖′𝛽𝛽𝑗𝑗,

 𝑖𝑖 = 1,⋯ , 𝐼𝐼,  𝑗𝑗 = 1,⋯ ,𝑁𝑁. (2.10) 

 

The multivariate probit model estimates the probability that each respondent’s choices 

fall in the appropriately associated regime. The probit model estimates the correlation 

matrix, 𝑹𝑹, and normalised slope coefficients, 𝛽𝛽𝑗𝑗, as necessary and sufficient conditions for 

identification. 

 

For 𝑁𝑁 = 3, let ℛ = {0,1,2,3,4,5,6,7} be the set of choice regimes and associate each 𝐹𝐹 ∈ ℛ 

as follows with the percent corresponding to each regime in parentheses. 

Household model: 

 

 𝐹𝐹𝑖𝑖 =

⎩
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎧

0, no adaptation,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖2 = 𝑦𝑦𝑖𝑖3 = 0                                                       (53%)
1, financial response,𝑦𝑦𝑖𝑖1 = 1,𝑦𝑦𝑖𝑖2 = 𝑦𝑦𝑖𝑖3 = 0                                              (9%)
2, lifestyle adjustment,𝑦𝑦𝑖𝑖2 = 1,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖3 = 0                                         (17%)
3, outside assistance,𝑦𝑦𝑖𝑖3 = 1,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖2 = 0                                              (2%)

4, financial response & lifestyle adjustment,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖2 = 1,𝑦𝑦𝑖𝑖3 = 0   (11%)
5, financial response & outside assistance,𝑦𝑦1 = 𝑦𝑦3 = 1,𝑦𝑦2 = 0            (2%)
6, lifestyle adjustment & outside assistance,𝑦𝑦𝑖𝑖1 = 0,𝑦𝑦𝑖𝑖2 = 𝑦𝑦𝑖𝑖3 = 1     (2%)
7, all 3 adaptations,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖2 = 𝑦𝑦𝑖𝑖3 = 1                                                     (4%)

 (2.11) 

 

Agricultural model: 

 

 𝐹𝐹𝑖𝑖 =

⎩
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎧

0, no change,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖2 = 𝑦𝑦𝑖𝑖3 = 0                                           (36%)
1, rice change,𝑦𝑦𝑖𝑖1 = 1,𝑦𝑦𝑖𝑖2 = 𝑦𝑦𝑖𝑖3 = 0                                         (6%)
2, crop change,𝑦𝑦𝑖𝑖2 = 1,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖3 = 0                                    (35%)
3, livestock change,𝑦𝑦𝑖𝑖3 = 1,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖2 = 0                               (1%)
4, rice change & crop change,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖2 = 1,𝑦𝑦𝑖𝑖3 = 0         (16%)
5, rice change & livestock change,𝑦𝑦1 = 𝑦𝑦3 = 1,𝑦𝑦2 = 0        (0%)
6, crop change & livestock change,𝑦𝑦𝑖𝑖1 = 0,𝑦𝑦𝑖𝑖2 = 𝑦𝑦𝑖𝑖3 = 1  (5%)
7, all 3 adaptations,𝑦𝑦𝑖𝑖1 = 𝑦𝑦𝑖𝑖2 = 𝑦𝑦𝑖𝑖3 = 1                                   (3%)

 (2.12) 
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The estimation problem is to find values of (𝛽𝛽1,⋯ ,𝛽𝛽𝑁𝑁 ,𝑹𝑹) to maximise the joint likelihood, 

or probability, of the survey respondents’ falling in the associated reported regimes. The 

GGHK procedure uses a sequence of recursive change of variables to express the 

associated probability integrals for compactly for each respondent. First, define the lower 

triangular Cholesky factorisation of the correlation matrix by 𝑹𝑹 = 𝑳𝑳𝑳𝑳′, where 𝑳𝑳 is a lower 

triangular matrix with strictly positive main diagonal elements, i.e., for the case of 𝑁𝑁 = 3, 

 

 𝑳𝑳 = �
ℓ11 0 0
ℓ21 ℓ22 0
ℓ31 ℓ32 ℓ33

� , ℓ11, ℓ22, ℓ33 > 0. (2.13) 

 

Second, define the i.i.d. standard normal random variables, 𝒛𝒛𝑖𝑖𝑗𝑗 𝑖𝑖𝑖𝑖𝑑𝑑 𝑁𝑁(03, 𝑰𝑰3), by the 

system of linear equations, 𝜀𝜀𝑖𝑖𝑗𝑗 = 𝑳𝑳𝒛𝒛𝑖𝑖𝑗𝑗, so that 𝛦𝛦(𝜀𝜀𝑖𝑖𝑖𝑖) = 𝑳𝑳𝐸𝐸(𝒛𝒛𝑖𝑖𝑖𝑖) = 03, and 𝛦𝛦(𝜀𝜀𝑖𝑖𝑖𝑖𝜀𝜀𝑖𝑖𝑖𝑖′ ) =

𝑳𝑳𝐸𝐸(𝒛𝒛𝑖𝑖𝑖𝑖𝒛𝒛𝑖𝑖𝑖𝑖′ )𝑳𝑳′ = 𝑹𝑹,∀ 𝑖𝑖 = 1,⋯ , 𝐼𝐼. This implies:  

 

 𝜀𝜀𝑖𝑖𝑗𝑗 = �ℓ𝑗𝑗𝑘𝑘𝑧𝑧𝑖𝑖𝑘𝑘

𝑗𝑗

𝑘𝑘=1
≤ −𝒙𝒙𝑖𝑖′𝛽𝛽𝑗𝑗, 𝑖𝑖𝑓𝑓𝑓𝑓 𝑧𝑧𝑖𝑖𝑗𝑗 ≤ −

�𝒙𝒙𝑖𝑖′𝛽𝛽𝑗𝑗 + ∑ ℓ𝑗𝑗𝑘𝑘𝑧𝑧𝑘𝑘
𝑗𝑗−1
𝑘𝑘=1 �

ℓ𝑗𝑗𝑗𝑗
 𝑖𝑖 = 1,⋯ , 𝐼𝐼,  𝑗𝑗 = 1,⋯ ,𝑁𝑁. (2.14) 

 

This gives the probability that the 𝑖𝑖𝑝𝑝ℎ survey respondent chooses regime 𝐹𝐹𝑖𝑖 ∈ 𝓡𝓡 in terms 

of a recursive set of standard normal integrals, with the limits of integration functions of 

the lower indexed levels of the standard normal random variates. For example, for 0,ir =  

we have 

 

 𝑃𝑃𝐹𝐹(𝐹𝐹𝑖𝑖 = 0) = � �� �� 𝜑𝜑(𝑧𝑧3)𝑑𝑑𝑧𝑧3
−

(𝒙𝒙𝑖𝑖
′𝛽𝛽3+ℓ31𝑧𝑧1+ℓ32𝑧𝑧2)

ℓ33

−∞
�𝜑𝜑(𝑧𝑧2)𝑑𝑑𝑧𝑧2

−
(𝒙𝒙𝑖𝑖
′𝛽𝛽2+ℓ21𝑧𝑧1)

ℓ22

−∞
�𝜑𝜑(𝑧𝑧1)𝑑𝑑𝑧𝑧1

−
𝒙𝒙𝑖𝑖
′𝛽𝛽1
ℓ11

−∞
, (2.15) 

 

where 𝜑𝜑(𝑧𝑧) = 1
√2𝜋𝜋

𝑒𝑒−½𝑧𝑧2 is the standard normal probability density function (pdf). 
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The other seven regimes have analogous probability statements with the upper (lower) 

limits of integration defined by −�𝒙𝒙𝑖𝑖′𝛽𝛽𝑖𝑖 + ∑ ℓ𝑖𝑖𝑘𝑘𝑧𝑧𝑘𝑘
𝑖𝑖−1
𝑘𝑘=1 �/ℓ𝑖𝑖𝑖𝑖   if 𝑦𝑦𝑖𝑖𝑗𝑗 = 0, (1), for each 𝑗𝑗 = 1,2,3.  

Define the recursive change of variables from the standard normal distribution to the 

uniform distribution,  

 

 𝑢𝑢𝑖𝑖𝑖𝑖 = 𝛷𝛷(𝑧𝑧𝑖𝑖𝑖𝑖) = � 𝜑𝜑(𝑧𝑧)𝑑𝑑𝑧𝑧
𝑧𝑧𝑖𝑖𝑖𝑖

−∞
,  𝑑𝑑𝑢𝑢𝑖𝑖𝑖𝑖 = 𝜑𝜑�𝑧𝑧𝑖𝑖𝑖𝑖�𝑑𝑑𝑧𝑧𝑖𝑖𝑖𝑖 , 𝑧𝑧𝑖𝑖𝑖𝑖 = 𝛷𝛷−1(𝑢𝑢𝑖𝑖𝑖𝑖),  𝑖𝑖 = 1,⋯ , 𝐼𝐼,  𝑗𝑗 = 1,⋯ ,𝑁𝑁, (2.8) 

 

where 𝛷𝛷(𝑧𝑧) = ∫ 1
√2𝜋𝜋

𝑒𝑒−½𝑥𝑥2𝑑𝑑𝑑𝑑𝑧𝑧
−∞  is the cumulative distribution function (cdf) of the standard 

normal random variable. 

 

If 𝑦𝑦𝑖𝑖𝑗𝑗 = 0, then set the lower limit of integration for 𝑢𝑢𝑖𝑖𝑗𝑗 to �̱�𝑈𝑖𝑖𝑖𝑖 = 0 and the upper limit of 

integration for 𝑢𝑢𝑖𝑖𝑗𝑗 to �̄�𝑈𝑖𝑖𝑗𝑗 = 𝛷𝛷�−
�𝒙𝒙𝑖𝑖

′𝛽𝛽𝑗𝑗+∑ ℓ𝑗𝑗𝑘𝑘𝛷𝛷
−1(𝑢𝑢𝑖𝑖𝑘𝑘)𝑘𝑘<𝑗𝑗 �

ℓ𝑗𝑗𝑗𝑗
�. On the other hand, if 𝑦𝑦𝑖𝑖𝑗𝑗 = 1, then set 

the lower limit of integration to �̱�𝑈𝑖𝑖𝑖𝑖 = 𝛷𝛷 �−
�𝒙𝒙𝑖𝑖

′𝛽𝛽𝑖𝑖+∑ ℓ𝑖𝑖𝑗𝑗𝛷𝛷−1(𝑢𝑢𝑖𝑖𝑗𝑗)𝑗𝑗<𝑖𝑖 �

ℓ𝑖𝑖𝑖𝑖
� and the upper limit of 

integration to be �̄�𝑈𝑖𝑖𝑗𝑗 = 1. In each individual survey response and at every level of 

integration, dependence of the sequential limits of integration on 𝒙𝒙𝑖𝑖, [𝜷𝜷𝟏𝟏 𝜷𝜷𝟐𝟐 𝜷𝜷𝟑𝟑]′,𝑳𝑳, and 

uniform random variables [𝑢𝑢𝑖𝑖1 ⋯ 𝑢𝑢𝑖𝑖,𝑖𝑖−1]′ is taken into account explicitly to evaluate and 

update the likelihood function. This method appeals to existing fast and accurate closed-

form approximations to the standard normal cdf (e.g., Hastings 1970) and its inverse (e.g., 

Acklam 2003) to facilitate the calculation of the probabilities. 

 

The individual choice probability, or likelihood function, is given by 

 

 𝐿𝐿𝑖𝑖(𝒙𝒙𝑖𝑖,𝛽𝛽,𝑳𝑳) = 𝑃𝑃𝐹𝐹( 𝐹𝐹 = 𝐹𝐹𝑖𝑖) = � � � 𝑑𝑑𝑢𝑢3𝑑𝑑𝑢𝑢2𝑑𝑑𝑢𝑢1

�̄�𝑈𝑖𝑖3

�̱�𝑈𝑖𝑖3

�̄�𝑈𝑖𝑖2

�̱�𝑈𝑖𝑖2

�̄�𝑈𝑖𝑖1

�̱�𝑈𝑖𝑖1
. (2.9) 

 

Each joint integral is over a proper subset of the 3-dimensional unit cube, 

[0,1] × [0,1] × [0,1], so that this can be evaluated quickly and precisely with any number 
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of methods. The current industry standard is simulation methods. There is no limit to the 

number of discrete choices, in principle. However, the curse of dimensionality increases 

computational time rapidly as the dimension of a problem grows, even with modern 

computing speeds and power. The full likelihood function for all survey respondents is 
 

 �𝐿𝐿𝑖𝑖(𝒙𝒙𝑖𝑖,𝛽𝛽,𝑳𝑳)
𝐼𝐼

𝑖𝑖=1
= ��� � � 𝑑𝑑𝑢𝑢3𝑑𝑑𝑢𝑢2𝑑𝑑𝑢𝑢1

�̄�𝑈𝑖𝑖3

�̱�𝑈𝑖𝑖3

�̄�𝑈𝑖𝑖2

�̱�𝑈𝑖𝑖2

�̄�𝑈𝑖𝑖1

�̱�𝑈𝑖𝑖1
�

𝐼𝐼

𝑖𝑖=1
. (2.10) 

 

The method simulates the likelihood function for each given (𝒙𝒙𝑖𝑖,𝛽𝛽, 𝑳𝑳) to approximate the 

integrals on the right-hand-side, and searches of the parameters (𝛽𝛽,𝑳𝑳) to find the 

simulated maximum likelihood estimators. 

 

A complete list of independent variables with summary statistics is in Table 2.1., and 

descriptions of the variables are in Appendix 2.3.  
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Table 2.1. Summary statistics of independent variables  
Variable Mean Std. Dev. Min Max 
Flood stress 0.27 0.44 0.00 1.00 
Storm stress 0.17 0.38 0.00 1.00 
Salinity stress 0.17 0.38 0.00 1.00 
Drought stress 0.16 0.36 0.00 1.00 
Heat stress 0.16 0.36 0.00 1.00 
Other stress 0.01 0.11 0.00 1.00 
No stress 0.07 0.25 0.00 1.00 
Low yield 0.70 0.46 0.00 1.00 
Crop loss 0.24 0.43 0.00 1.00 
Food insecurity 0.05 0.22 0.00 1.00 
Increased debt 0.06 0.24 0.00 1.00 
Health impact 0.84 0.36 0.00 1.00 
No impact 0.14 0.35 0.00 1.00 
Male 0.50 0.50 0.00 1.00 
Age (years) 51.17 10.91 22.00 86.00 
Education (years) 6.62 2.74 0.00 14.00 
Farm experience (years) 31.50 11.10 2.00 63.00 
Total household size 4.08 1.56 2.00 10.00 
Total farm size (ha) 0.99 1.30 0.05 14.30 
An Giang Province 0.14 0.34 0.00 1.00 
Bac Lieu Province 0.10 0.30 0.00 1.00 
Ha Tinh Province 0.17 0.38 0.00 1.00 
Nam Dinh Province 0.16 0.37 0.00 1.00 
Quang Ngai Province 0.17 0.38 0.00 1.00 
Tra Vinh Province 0.09 0.29 0.00 1.00 
Thai Binh Province 0.17 0.37 0.00 1.00 
Total HH income (million VND) 129.83 144.71 2.25 1,760.00 
Ag info – government 0.37 0.48 0.00 1.00 
Ag info – radio 0.18 0.38 0.00 1.00 
Ag info – television 0.34 0.47 0.00 1.00 
Ag info – traditional  0.28 0.45 0.00 1.00 
Ag into – neighbour 0.18 0.38 0.00 1.00 
Ag info – another farmer  0.17 0.38 0.00 1.00 
Weather info – government 0.15 0.36 0.00 1.00 
Weather info – radio 0.30 0.46 0.00 1.00 
Weather info – television 0.87 0.33 0.00 1.00 
Weather info – traditional 0.21 0.41 0.00 1.00 
Weather info – neighbour 0.13 0.33 0.00 1.00 
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2.3. Results and Discussion 

2.3.1. Household model 
We begin by looking at the autonomous responses to climate change stress at the 

household level to determine if specific climate change stresses and climate change 

impacts are eliciting stronger or more varied responses from individuals. The results of 

the multivariate probit model for household adaptations are available in Table 2.6  

 

We find variations in the type of responses and likelihoods of individuals choosing a 

specific adaptation depending on the stress that most affected them. Flood and drought 

stresses elicit the strongest responses. Drought is a significant factor in selecting both 

financial and lifestyle changes. Flood stress is only a significant factor for financial 

change, but it has the largest coefficient and highest level of significance among all the 

stresses. Storm and salinity stresses are also significant factors for individuals choosing 

a financial change, albeit only at the ten percent level of significance. Individuals 

responded the least to heat stress in their adaptation decisions. Heat stress is only a 

significant factor for a lifestyle change adaptation, and it reduced the likelihood of an 

individual choosing that option. Whether or not an individual has an autonomous 

response varies by the type of stress that most affects them.  

 

  

 
6 Some responses at the household level of adaptation were ambiguous. Table 2. includes these ambiguous 

responses are part of the outside option. An alternative specification that omits ambiguous responses is in 

Appendix 2.4. Similar results are obtained in both specifications of the model. 
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A financial response is the most common autonomous adaptation selected as a result of 

stress. The likelihood of a financial response increased for all stresses, except for 

drought. Additionally, increased debt as an impact of stress correlates with financial 

response. This unsurprising result is from individuals borrowing money as an adaptation 

strategy; the adaptation is worsening the impact. Choosing a lifestyle adjustment was also 

significantly affected by drought and heat stress. Drought made an individual more likely 

to make a lifestyle adjustment, and heat made an individual less likely to make a lifestyle 

adjustment. The response of the individual varies by the type of stress they are 

experiencing. 
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Table 2.2. Multivariate probit results, individual coping strategies to climate stress 
 (1) Financial Change (2) Lifestyle Change (3) Outside Assistance 
  Mean St. Error Mean St. Error Mean St. Error 
No stress (base) - - - - - - 
Flood stress 0.601*** (0.223) 0.004 (0.199) 0.245 (0.288) 
Storm stress 0.400* (0.236) -0.076 (0.214) -0.150 (0.289) 
Salinity stress 0.394* (0.222) 0.290 (0.200) 0.081 (0.250) 
Drought stress 0.512** (0.223) 0.354* (0.200) 0.142 (0.268) 
Heat stress -0.073 (0.235) -0.401* (0.211) -0.438 (0.306) 
Low yield -0.005 (0.132) -0.027 (0.129) 0.183 (0.169) 
Crop loss 0.244** (0.101) -0.026 (0.099) 0.265** (0.126) 
Food insecurity -0.019 (0.207) -0.186 (0.198) -0.341 (0.276) 
Increased debt 0.514*** (0.180) 0.634*** (0.171) 0.392** (0.191) 
Health impact -0.198 (0.180) -0.150 (0.171) 0.308 (0.244) 
No impact 0.185 (0.134) 0.077 (0.127) 0.150 (0.165) 
Male -0.270*** (0.086) 0.160* (0.082) -0.072 (0.109) 
Age (years) -0.001 (0.008) -0.008 (0.007) -0.009 (0.009) 
Education (years) 0.003 (0.016) 0.019 (0.016) 0.017 (0.020) 
Farm experience (years) -0.003 (0.007) 0.001 (0.007) 0.008 (0.009) 
Total household size 0.066** (0.029) 0.041 (0.028) 0.045 (0.036) 
Total farm size (ha) 0.130** (0.051) 0.021 (0.048) 0.106 (0.065) 
An Giang Province (base) - - - - - - 
Bac Lieu Province 0.384* (0.200) 0.129 (0.198) 1.148*** (0.279) 
Ha Tinh Province -0.485** (0.191) -0.087 (0.182) 0.083 (0.295) 
Nam Dinh Province -0.494** (0.211) -0.698*** (0.207) 0.769** (0.302) 
Quang Ngai Province -0.762*** (0.182) 0.022 (0.172) 0.302 (0.258) 
Tra Vinh Province 0.159 (0.218) -0.041 (0.212) 1.399*** (0.298) 
Thai Binh Province -0.401** (0.199) -0.449** (0.193) 0.416 (0.294) 
Total HH income (million VND) -0.001*** (0.000) -0.000 (0.000) -0.001* (0.001) 
Ag info – government -0.032 (0.104) 0.103 (0.098) 0.138 (0.137) 
Ag info – radio 0.120 (0.118) 0.538*** (0.113) -0.138 (0.153) 
Ag info – television -0.158 (0.096) 0.134 (0.091) 0.282** (0.122) 
Ag info – traditional  0.313*** (0.107) 0.562*** (0.101) 0.206 (0.136) 
Ag into – neighbour -0.134 (0.128) 0.109 (0.118) -0.451*** (0.173) 
Ag info – another farmer  0.497*** (0.114) 0.253** (0.110) 0.228 (0.150) 
Weather info – government -0.078 (0.148) -0.167 (0.136) 0.200 (0.183) 
Weather info – radio -0.093 (0.098) 0.285*** (0.092) -0.027 (0.125) 
Weather info – television 0.059 (0.147) -0.166 (0.136) -0.376** (0.168) 
Weather info – traditional 0.154 (0.122) 0.068 (0.114) 0.098 (0.151) 
Weather info – neighbour -0.349** (0.145) 0.088 (0.126) 0.044 (0.183) 
Constant -1.107*** (0.380) -0.711** (0.353) -2.258*** (0.488) 
𝜌𝜌21 0.399*** (0.059)     
𝜌𝜌31 0.457*** (0.076)     
𝜌𝜌32 0.275*** (0.073)     
Observations 1,290   1,290   1,290   

Note: "***", "**", and "*" are significant at 1%, 5%, and 10% respectively 
 

 

The effects of the impacts brought on by stress vary by reported adaptation. All three 

responses significantly correlate with increased debt. Reporting a financial change or 

receiving outside assistance also significantly correlates with experiencing crop loss. 
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None of the other impacts were significant factors in selecting household responses, likely 

because most of the data collected in the survey are agricultural impacts and not general 

impacts that the household may experience from climate change. 

 

The map in Figure 2.2 provides a spatial representation of where adaptations are 

happening or not happening in Vietnam. The map shows some apparent differences in 

how individuals in different provinces are adapting to climate change. Generally, fewer 

adaptations occurred in the Red River Delta and reported adaptations increased further 

south in Vietnam. In the Red River Delta, provinces report no change as an adaptation to 

climate change most frequently, 70% and 71% for Thai Binh and Nam Dinh, respectively. 

This response is substantially higher than any of the other adaptation options for the 

region Respondents from the Red River Delta are using fewer autonomous responses 

than the other regions of the study.  

 

The Mekong River Delta, and especially the coastal provinces, were the most responsive 

to climate change. Bac Lieu and Tra Vinh reported the highest percentage of respondents 

who practice financial changes, lifestyle changes and receive outside assistance. An 

Giang reported similar values for financial and lifestyle changes but reported receiving 

assistance much less than the coastal provinces of the Mekong River Delta. The results 

show that even within the same region, adaptation strategies can vary considerably.  
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Figure 2.2: Map of percent of respondents practicing household adaptations in each surveyed province. 
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2.3.2. Agricultural Adaptations 
A multivariate probit model is also used to analyse autonomous responses to climate 

change stress through agricultural adaptations. The results of this multivariate probit 

model are in Table 2.3.7 Agricultural adaptations are much less responsive to specific 

climate change stresses than household responses were in the previous section. Instead, 

individuals are more responsive to the impacts resulting from stress, rather than which 

stress caused the impact. Only heat elicits a response at the agricultural level. Individuals 

who report heat stress are more likely to adapt using a crop change on their farm and 

less likely to adapt by moving resources into livestock production and away from rice 

production.  

 

Adaptations vary, depending on which impact of stress individuals are responding to. 

Individuals change their rice variety when the resulting impact of the stress is either lower 

yields or increased debt. Low yield also made individuals more likely to make a crop 

change. Additionally, individuals made a crop change if they experienced crop loss. 

Individuals who report food insecurity and increased debt, are both more likely to make a 

livestock change in which they move away from rice production and into raising livestock. 

Low yields, crop loss, food insecurity, and increased debt all produce climate change 

adaptations, but the adaptations vary across the range of impacts. 

  

 
7 Some responses at the agricultural level of adaptation were ambiguous. Table 2.3. includes these 

ambiguous responses are part of the outside option. An alternative specification that omits ambiguous 

responses is in Appendix 3.5. Similar results are obtained in both specifications of the model. 



  

57 

 

Table 2.3. Multivariate probit results, agricultural adaptations to climate stress 
 (1) Rice Change (2) Crop Change (3) Livestock Change 
  Mean St. Error Mean St. Error Mean St. Error 
No stress (base) - - - - - - 
Flood stress 0.090 (0.218) -0.002 (0.191) -0.253 (0.286) 
Storm stress -0.356 (0.232) 0.056 (0.201) -0.176 (0.292) 
Salinity stress -0.339 (0.232) 0.073 (0.197) -0.386 (0.284) 
Drought stress 0.028 (0.225) -0.049 (0.196) -0.447 (0.286) 
Heat stress -0.045 (0.222) 0.390** (0.193) -0.614** (0.294) 
Low yield 0.286* (0.151) 0.278** (0.125) 0.252 (0.189) 
Crop loss 0.076 (0.107) 0.246** (0.098) 0.211 (0.136) 
Food insecurity 0.207 (0.225) -0.323 (0.214) 0.857*** (0.240) 
Increased debt 0.392* (0.203) -0.137 (0.178) 0.530** (0.247) 
Health impact 0.168 (0.188) -0.219 (0.160) 0.170 (0.255) 
No impact 0.186 (0.145) -0.014 (0.119) 0.163 (0.191) 
Male 0.227*** (0.086) -0.035 (0.078) 0.241** (0.115) 
Age (years) -0.023*** (0.008) 0.002 (0.007) -0.013 (0.011) 
Education (years) 0.014 (0.018) 0.032** (0.016) -0.006 (0.024) 
Farm experience (years) 0.015** (0.008) -0.003 (0.007) -0.000 (0.011) 
Total household size -0.017 (0.030) 0.048* (0.027) 0.118*** (0.037) 
Total farm size (ha) -0.077 (0.057) 0.083* (0.048) 0.137* (0.070) 
An Giang Province (base) - - - - - - 
Bac Lieu Province -0.364 (0.223) 0.300 (0.190) 0.015 (0.348) 
Ha Tinh Province -0.259 (0.192) 0.206 (0.176) 0.762** (0.319) 
Nam Dinh Province 0.123 (0.204) 0.235 (0.188) 1.259*** (0.329) 
Quang Ngai Province -0.290 (0.186) 0.364** (0.169) 0.818*** (0.306) 
Tra Vinh Province -0.174 (0.239) 0.281 (0.209) 0.850** (0.347) 
Thai Binh Province 0.197 (0.196) 0.102 (0.181) 1.536*** (0.317) 
Total HH income (million VND) 0.000 (0.000) -0.001** (0.000) 0.000 (0.001) 
Ag info – government 0.203** (0.102) 0.175* (0.094) -0.134 (0.145) 
Ag info – radio 0.088 (0.115) 0.032 (0.109) -0.090 (0.166) 
Ag info – television 0.230** (0.092) 0.041 (0.085) 0.173 (0.125) 
Ag info – traditional  0.084 (0.109) 0.211** (0.102) 0.026 (0.140) 
Ag into – neighbour -0.113 (0.126) -0.046 (0.117) -0.110 (0.168) 
Ag info – another farmer  0.234** (0.116) 0.023 (0.107) -0.102 (0.170) 
Weather info – government 0.284** (0.142) 0.331** (0.137) 0.084 (0.198) 
Weather info – radio 0.143 (0.097) 0.147* (0.089) -0.171 (0.140) 
Weather info – television -0.116 (0.148) 0.131 (0.136) 0.001 (0.197) 
Weather info – traditional 0.076 (0.116) 0.006 (0.111) -0.191 (0.161) 
Weather info – neighbour -0.019 (0.138) -0.386*** (0.124) -0.023 (0.194) 
Constant -0.600 (0.379) -0.929*** (0.338) -2.407*** (0.503) 
𝜌𝜌21 0.389*** (0.056)     
𝜌𝜌31 0.073 (0.080)     
𝜌𝜌32 0.663*** (0.093)     
Observations 1,244   1,244   1,244   

Note: "***", "**", and "*" are significant at 1%, 5%, and 10% respectively 
 
 
Like the previous section, the map in Figure 2.3 provides a spatial representation of where 

agricultural adaptations are happening, or not happening, in Vietnam. Unlike what we find 

in the household model, the range of individuals that report taking no action to climate 

change stress is more homogenous across provinces. Taking no action ranged from 32% 
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in Nam Dinh to 42% in An Giang. Most individuals in all provinces already use an 

autonomous response; however, the adaptation they use varies by location. Reporting a 

crop change adaptation such as diversifying crops, adjusting the cropping pattern, or 

leaving land fallow, is by far the most commonly cited climate change adaptation. 

Anywhere from 47-61% of respondents from each province reported making one of the 

abovementioned changes to their cropping practices.  

 

Responding with a change specific to rice production (i.e., changing rice variety) is the 

second most commonly cited response. However, there are considerable differences 

across locations for changing rice varieties. This variation is likely a result of the types of 

stress present in each of the provinces. The popularity and availability of stress-tolerant 

rice varieties differ with each of the stresses. The provinces that report changing their rice 

variety least often are the same provinces that report salinity stress most frequently. While 

this result may indicate a lack of interest or availability in saline-tolerant varieties at the 

time of our data collection, a study conducted after our survey by Paik, Le et al. (2020) 

suggests that salinity-tolerant varieties in the Mekong River Delta are now widely adopted.  

 

Changing from rice to livestock is the least common adaptation selected for all provinces. 

The rice and crop changes we previously discussed are all short-run adaptations in which 

inputs to production are varied (Stern 2007). Livestock is a form of capital (Jarvis 1974), 

and capital adjustments are long-run adaptations that are more difficult for individuals to 

use because of increased uncertainty (Stern 2007). Individuals from the Red River Delta 

report livestock investments most commonly, but only 15% of individuals in Thai Binh and 

11% of individuals in Nam Dinh report this option. Outside of the Red River Delta, 

adapting to climate change through livestock is sparsely reported, with all other provinces 

reporting in the single digits, except for Tra Vinh, where 12% of individuals reported using 

making a livestock change.  
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Figure 2.3: Map of percent of respondents practicing agricultural adaptations in each surveyed province 
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2.3.3 Climate Change Stresses 
The provinces surveyed in this study face varied and unique climatic stress. Of those 

mapped in Figure 2.4, the most notable thing to point out is that hardly any farmers 

reported that there is no stress present in their areas. Provinces in the Red River Delta 

had the highest percentage of no-stress-present responses with 10% and 13% for Thai 

Binh and Nam Dinh, respectively. However, all other provinces only reported between 1% 

and 2% that there is no stress present in their area. Climate change stresses are observed 

widely across the entire country. 

 

Some stresses are reported more homogenously across the country, while others impact 

individual provinces much more than others. Heat stress is reported more uniformly 

across provinces by anywhere from one-half to three-quarters of respondents in each 

province. Drought is frequently reported in all provinces as well, although less frequently 

in the Red River Delta, where only one-quarter of all respondents report its presence. 

Other surveyed provinces report drought more frequently, between 41% and 89% of the 

time. Individuals report the remaining stresses more heterogeneously. Respondents 

commonly cite flooding in Central Vietnam and An Giang Province, but less so in the Red 

River Delta and the coastal provinces of the Mekong River Delta. They also report storms 

least frequently in the Mekong River Delta compared to other locations. Finally, salinity 

and sea-level rise are more common in low-lying coastal regions. For example, An Giang 

province is comfortably inland, and nobody from this province reported the presence of 

either sea-level rise or salinity. Some climate change stresses are felt homogenously 

across Vietnam, but others vary significantly from one province or region to another. 
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Figure 2.4: Prevalence of climate change stresses, by province 
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2.4 Conclusions 
This article set out to better understand if some climate change stresses or impacts from 

climate change stress elicited stronger climate change adaptations from individuals. The 

answer to this question is a resounding yes. At the individual adaptation level, drought, 

flooding, and to a lesser extent, storms and salinity intrusion, elicited the strongest 

autonomous adaptations from individuals. The most common autonomous response at 

the household level is to have a financial adaptation, such as selling assets, borrowing 

money, or using savings. Households using a financial response may provide an 

opportunity for microfinance lending in Vietnam as a way to build capacity and reduce 

vulnerability in households as they adapt to climate change. Autonomous adaptations 

taken in the private market are generally understood to be efficient. Microfinance is a way 

for poorer households to access the additional resources necessary to carry out efficient 

autonomous responses to climate change.  

 

Compared to the household level, sources of climate change stress are less critical for 

adaptation decisions at the agricultural level. At this level, impacts brought on by climatic 

stress elicited stronger adaptation responses from individuals than the sources of the 

stress. Farmers who experienced low yields as a result of stress are more likely to adapt 

their rice-farming practices through changing the variety of rice that they grow. Our results 

provide field-level evidence that the sources of stress vary across landscapes in Vietnam. 

These results show the necessity for location-specific adaptation policies in Vietnam, 

which have been called for in previous publications.  

 

Furthermore, this study provides policymakers with evidence of which stresses are 

already causing autonomous adaptations among individuals and the different responses 

individuals are using. Equally important as climate change action is climate change 

inaction. We did not find climate change adaptations resulting from specific stresses, such 

as sea-level rise and saltwater intrusion. This leaves room for a government response to 

those stresses where private adaptations are presently absent. All the while, the 

government can financially support private autonomous adaptations, through channels 
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such as microfinance lending. Of course, autonomous adaptations alone are not enough. 

Rather, it should be seen as a way to help individuals help themselves in the short run, 

while other planned adaptations and mitigation options are established as part of a 

comprehensive climate change policy.  

 
 
 
 
Footnote Citations: 
(IPCC 2018, UNFCCC 2020)  
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2.6. Appendices 
Appendix 2.1. Aggregate and disaggregate responses for individual-level adaptations  

Aggregate Categories Disaggregate responses  
(1) Do nothing  Nothing  
(2) Financial response  Sold land  
 Sold livestock  
 Sold other assets 
 Borrowed money from the bank 
 Borrowed money from others 
 Postponed payment of loans 
 Used savings 
(3) Lifestyle adjustment  Reduced consumption 
 Worked more 
 Took child out of school 
(4) Assistance  Received assistance from relatives and friends 
 Received assistance from the government 
  Received assistance from NGO  

 
 
 
 
 
 
Appendix 2.2. Aggregate and disaggregate responses for agricultural-level adaptations  

Aggregate Categories Disaggregate responses  
(1) No change  No change 
(2) Rice change Change rice variety 
(3) Crop change  Change crop pattern  
 Diversify crops  
 Leave fallow 
(4) Livestock change Move from rice to livestock  
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Appendix 2.3: Description of independent variables 
Variable Description 
Age Age of respondent in years 
Education Education of respondent in years 
Farm experience Years of farming experience of the respondent 
Total household size Number of people living in the respondent’s household 
Total farm size Total farm size in meters squared 
An Giang Province Respondent is from An Giang Province 
Bac Lieu Province Respondent is from Bac Lieu Province 
Ha Tinh Province Respondent is from Ha Tinh Province 
Nam Dinh Province Respondent is from Nam Dinh Province 
Quang Ngai Province Respondent is from Quang Ngai Province 
Tra Vinh Province Respondent is from Tra Vinh Province 
Thai Binh Province Respondent is from Thai Binh Province 
Total HH income Total household income reported in million Vietnamese Dong 
Flood stress Respondent reports flooding stress as most severe climate change stress 
Storm stress Respondent reports storm stress as most severe climate change stress 
Salinity stress Respondent reports salinity stress as most severe climate change stress 
Drought stress Respondent reports drought stress as most severe climate change stress 
Heat stress Respondent reports heat stress as most severe climate change stress 
Other stress Respondent reports some other stress as most severe climate change 

stress 
No stress Respondent reports there is no climate change stress 
Low yield Respondent reports low yield as an impact of climate change stress 
Crop loss Respondent reports crop loss as an impact of climate change stress 
Food insecurity Respondent reports food insecurity as an impact of climate change stress 
Increased debt Respondent reports increased debt as an impact of climate change stress 
Health impact Respondent reports worsened health as an impact of climate change 

stress 
No impact Respondent reports no impact from climate change stress 
Ag info - government Respondent receives agricultural information from the government 
Ag info - radio Respondent receives agricultural information from the radio 
Ag info - television Respondent receives agricultural information from television 
Ag info - traditional  Respondent receives agricultural information from traditional knowledge 
Ag into - neighbour Respondent receives agricultural information from their neighbour 
Ag info - another farmer Respondent receives agricultural information from another farmer 
Weather info - 
government 

Respondent receives weather information from the government 

Weather info - radio Respondent receives weather information from the radio 
Weather info - television Respondent receives weather information from the television 
Weather info - traditional  Respondent receives weather information from traditional knowledge 
Weather info - neighbour Respondent receives weather information from their neighbour 
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Appendix 2.4. Multivariate probit results, individual adaptations to climate change stress, 
includes ambiguous responses 
 Financial Change (1) Lifestyle Change (2) Assistance (3) 

  Mean St. Error Mean St. Error Mean St. Error 
Flood stress 0.577** (0.225) -0.041 (0.201) 0.212 (0.289) 
Storm stress 0.379 (0.239) -0.114 (0.218) -0.192 (0.291) 
Salinity stress 0.386* (0.224) 0.274 (0.203) 0.057 (0.252) 
Drought stress 0.493** (0.225) 0.318 (0.202) 0.112 (0.269) 
Heat stress -0.100 (0.238) -0.445** (0.214) -0.488 (0.308) 
Low yield -0.040 (0.134) -0.060 (0.131) 0.155 (0.170) 
Crop loss 0.238** (0.102) -0.032 (0.099) 0.259** (0.126) 
Food insecurity -0.021 (0.208) -0.201 (0.199) -0.341 (0.278) 
Increased debt 0.517*** (0.180) 0.636*** (0.172) 0.391** (0.191) 
Health impact -0.225 (0.182) -0.171 (0.172) 0.287 (0.245) 
No impact 0.172 (0.135) 0.064 (0.129) 0.139 (0.165) 
Male -0.280*** (0.087) 0.150* (0.083) -0.079 (0.110) 
Age (years) -0.001 (0.008) -0.008 (0.007) -0.009 (0.009) 
Education (years) 0.003 (0.016) 0.019 (0.016) 0.015 (0.021) 
Farm experience (years) -0.003 (0.007) 0.001 (0.007) 0.008 (0.009) 
Total household size 0.060** (0.029) 0.034 (0.028) 0.040 (0.036) 
Total farm size (ha) 0.135*** (0.051) 0.025 (0.049) 0.110* (0.065) 
Bac Lieu Province 0.372* (0.201) 0.113 (0.199) 1.138*** (0.279) 
Ha Tinh Province -0.442** (0.192) -0.040 (0.183) 0.119 (0.296) 
Nam Dinh Province -0.432** (0.213) -0.638*** (0.209) 0.827*** (0.304) 
Quang Ngai Province -0.745*** (0.182) 0.052 (0.172) 0.315 (0.259) 
Tra Vinh Province 0.138 (0.219) -0.071 (0.213) 1.380*** (0.299) 
Thai Binh Province -0.332* (0.201) -0.374* (0.195) 0.468 (0.295) 
Total HH income (million VND) -0.001*** (0.000) -0.000 (0.000) -0.001** (0.001) 
Ag info – government -0.052 (0.104) 0.084 (0.099) 0.119 (0.137) 
Ag info – radio 0.127 (0.120) 0.564*** (0.115) -0.134 (0.154) 
Ag info – television -0.155 (0.097) 0.133 (0.092) 0.281** (0.123) 
Ag info – traditional  0.307*** (0.108) 0.554*** (0.102) 0.200 (0.136) 
Ag into – neighbour -0.139 (0.128) 0.110 (0.119) -0.454*** (0.174) 
Ag info – another farmer  0.503*** (0.115) 0.258** (0.110) 0.230 (0.150) 
Weather info – government -0.097 (0.149) -0.185 (0.136) 0.185 (0.184) 
Weather info – radio -0.091 (0.099) 0.285*** (0.093) -0.025 (0.126) 
Weather info – television 0.054 (0.148) -0.170 (0.137) -0.387** (0.169) 
Weather info – traditional 0.149 (0.122) 0.058 (0.114) 0.093 (0.151) 
Weather info – neighbour -0.359** (0.145) 0.072 (0.127) 0.036 (0.183) 
Constant -1.001*** (0.386) -0.587 (0.359) -2.146*** (0.495) 
𝜌𝜌21 0.386*** (0.058)     
𝜌𝜌31 0.453*** (0.077)     
𝜌𝜌32 0.264*** (0.073)     
Observations 1,245   1,245   1,245   

Note: "***", "**", and "*" are significant at 1%, 5%, and 10% respectively 
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Appendix 2.5. Multivariate probit results, agricultural adaptations to climate change 
stress, includes ambiguous responses 
 Rice Change (1) Crop Change (2) Livestock Change (3) 
  Mean St. Error Mean St. Error Mean St. Error 
Flood stress 0.105 (0.220) 0.009 (0.193) -0.235 (0.288) 
Storm stress -0.349 (0.234) 0.074 (0.204) -0.159 (0.294) 
Salinity stress -0.352 (0.233) 0.060 (0.199) -0.395 (0.285) 
Drought stress 0.039 (0.227) -0.036 (0.199) -0.446 (0.288) 
Heat stress -0.078 (0.224) 0.348* (0.196) -0.648** (0.296) 
Low yield 0.293* (0.151) 0.286** (0.126) 0.260 (0.190) 
Crop loss 0.070 (0.108) 0.244** (0.099) 0.210 (0.137) 
Food insecurity 0.193 (0.225) -0.345 (0.214) 0.847*** (0.241) 
Increased debt 0.394* (0.203) -0.142 (0.178) 0.540** (0.247) 
Health impact 0.176 (0.190) -0.199 (0.162) 0.183 (0.257) 
No impact 0.216 (0.146) 0.022 (0.119) 0.188 (0.192) 
Male 0.214** (0.086) -0.059 (0.078) 0.232** (0.116) 
Age (years) -0.024*** (0.008) 0.001 (0.007) -0.014 (0.011) 
Education (years) 0.014 (0.018) 0.032** (0.016) -0.006 (0.024) 
Farm experience (years) 0.016** (0.008) -0.002 (0.007) -0.000 (0.011) 
Total household size -0.015 (0.030) 0.049* (0.027) 0.120*** (0.037) 
Total farm size (ha) -0.075 (0.057) 0.087* (0.048) 0.136* (0.071) 
Bac Lieu Province -0.348 (0.224) 0.318* (0.190) 0.032 (0.350) 
Ha Tinh Province -0.222 (0.194) 0.248 (0.177) 0.794** (0.321) 
Nam Dinh Province 0.216 (0.207) 0.371* (0.191) 1.342*** (0.332) 
Quang Ngai Province -0.267 (0.187) 0.394** (0.169) 0.839*** (0.307) 
Tra Vinh Province -0.156 (0.239) 0.300 (0.210) 0.870** (0.350) 
Thai Binh Province 0.273 (0.199) 0.199 (0.184) 1.614*** (0.321) 
Total HH income (million VND) 0.000 (0.000) -0.001** (0.000) 0.000 (0.001) 
Ag info – government 0.180* (0.102) 0.146 (0.094) -0.153 (0.146) 
Ag info – radio 0.102 (0.116) 0.050 (0.110) -0.084 (0.168) 
Ag info – television 0.217** (0.093) 0.024 (0.086) 0.169 (0.126) 
Ag info – traditional  0.067 (0.110) 0.193* (0.103) 0.007 (0.141) 
Ag into – neighbour -0.119 (0.127) -0.049 (0.118) -0.120 (0.169) 
Ag info – another farmer  0.256** (0.117) 0.055 (0.109) -0.078 (0.171) 
Weather info – government 0.265* (0.142) 0.300** (0.138) 0.068 (0.199) 
Weather info – radio 0.138 (0.098) 0.142 (0.090) -0.179 (0.141) 
Weather info – television -0.110 (0.149) 0.144 (0.137) 0.006 (0.198) 
Weather info – traditional 0.061 (0.116) -0.022 (0.112) -0.207 (0.162) 
Weather info – neighbour -0.017 (0.138) -0.385*** (0.125) -0.021 (0.195) 
Constant -0.637* (0.382) -0.974*** (0.340) -2.436*** (0.506) 
𝜌𝜌21 0.369*** (0.056)     
𝜌𝜌31 0.055 (0.080)     
𝜌𝜌32 0.647*** (0.093)     
Observations 1,223   1,223   1,223   

Note: "***", "**", and "*" are significant at 1%, 5%, and 10% respectively 
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Chapter 3: Becoming an Entrepreneur: Cognitive 
Function and the Transition to the Market 
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3.1. Introduction 
In a now-classic discussion of how to expand the production possibilities frontier that 

leads to higher productivity and a pathway out of poverty, Schultz (1964) argued that the 

only viable option was for producers to replace traditional inputs with new ones. The 

adoption of such innovations would be facilitated by the presence of human capital 

(Schultz 1961, Becker 1962, Schultz 1962) and would neither be universal nor automatic 

(Rogers 1962): only some would take advantage of the new disequilibria. Schultz (1990) 

calls them entrepreneurs. But what is an entrepreneur? And, as in the legendary 

exchange between Fitzgerald and Hemingway, are they “different from you and me” only 

because they have more money -- or, on the contrary, differ in ways that are not captured 

in standard interpretations of the “poor but rational”? 

 

This paper addresses this question in one specific context, the transition to the market in 

one formerly centralised economy, Lao PDR (hereafter, Laos). The new ways of doing 

things are not technologies embodied in physical inputs, as we will analyse the decisions 

and characteristics of producers in a very traditional activity (cattle): the novelty is that 

some explicitly aim at producing for a relatively new market (export market) rather than 

its traditional use in a rural economy (savings). We explore the hypothesis that such 

entrepreneurs may be different because they process information in ways that differ from 

non-entrepreneurs. We measure those differences using the concept of executive 

functions.  

 

Executive functions are top-down mental processes that control an individual’s attention, 

dictate their ability to use information or suppress instinctive responses when those 

responses are not optimal (Miller and Cohen 2001, Espy 2004, Burgess and Simons 

2005). Executive functions are crucial in deliberate activity and include fluid intelligence 

(synonymous with reasoning and problem-solving) and cognitive planning, both of which 

build from core executive functions, inhibitory control (including attention), working 

memory, and cognitive flexibility. Diamond (2013), presents a detailed review of executive 

functions, while Dean, Schilbach et al. (2019) explore their potential importance in 
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explaining poverty persistence, including through innovation, as agents must be able to 

see themselves in ‘other states of the world,’ learn about new technologies and predict 

their potential costs and benefits with some degree of accuracy. 8 

 

Our analysis shows that producers who take advantage of new markets perform 

significantly better on different tasks designed to measure their cognitive functioning. 

Entrepreneurs are more attentive, better at impulse control and planning. As a result, and 

although they do not change production technology, they behave differently when trading: 

they are more likely to bargain over prices with traders, with whom they seem to have 

longer-term relations, while plausibly incurring lower transaction costs. Although we do 

not offer new theoretical perspectives on how to incorporate executive functions into an 

economic model, we note the similarities with a much more developed line of work that 

expands the human capital model to include personality traits (Borghans, Duckworth et 

al. 2008, Almlund, Duckworth et al. 2011). This similarity guides some of the policy 

suggestions, with which we conclude. 

 

3.2. The Behaviour of an Entrepreneur 
In what is perhaps the earliest known mention of the concept, Richard Cantillon defined 

the entrepreneur as a person who buys a commodity at a specific price in order to resell 

at an unknown higher price in the future (Cantillon 1755). Cantillon’s characterisation was 

broadened by Mill (1871), who equated the entrepreneur with a business manager who 

takes risks. These early definitions were challenged in the early 20th century by Knight 

(1921) and Schumpeter (1934, 1947). Knight (1921) builds on the distinction between risk 

(that can be evaluated with known probabilities) and uncertainty (that involves unknown 

probabilities) to challenge Mill’s definition of an entrepreneur arguing that under his 

definition the entrepreneur would not require any particular skills for success and that it 

would be inconceivable that higher rents could be earned simply because of willingness 

to take risks. Schumpeter (1947) developed this critique, claiming that risk-taking was 

 
8 A summary review of executive functions is also presented in appendix 3.1.  
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better associated with capitalists and that it was not a distinguishing feature of the 

entrepreneur. Instead, Schumpeter (1934) considers an entrepreneur a central actor in 

economic development whose function is to carry out new combinations of innovations.9  

 

The generalised adoption of neoclassical economics brought with it the demise of 

concerns about the nature of the entrepreneur who became, in the words of Baumol and 

Schilling (2018), the ‘invisible man’ in economic theory. The reasons for this are two-fold. 

First, most microeconomic models study static equilibria, and by their innovative nature, 

entrepreneurs are destroyers of equilibria (Schumpeter 1947). All the while, they seek out 

arbitrage opportunities that arise from disequilibria and thus move the economy back 

towards equilibrium (Kirzner 1978). These two combined impacts do not fit stationary 

models in which innovation is excluded (Baumol and Schilling 2018). The second reason 

is that entrepreneurs bring invention, which is, by definition, something new that has not 

been available before, making it a heterogeneous product that hinders optimisation 

analysis that underlies most microeconomic theory (Baumol and Schilling 2018).  

 

As a result, much attention in economics was directed to the role of market imperfections, 

in particular in financial markets, in shaping who among otherwise identical individuals 

becomes capable of innovating (Blanchflower and Oswald 1998). These problems are 

exacerbated for capital-intensive industries in low- and middle-income countries where 

financial markets are less developed (Rajan and Zingales 1996). To the extent that 

behavioural heterogeneity is considered, it mostly focused on the role of risk preferences, 

reflecting both its history and its importance in economic theory. Perhaps surprisingly, 

given the attention devoted to this hypothesis, there is still no consensus. Some studies 

 
9 Schumpeter further defines five types of innovations: 1) introducing a new good (or improving an existing 

good), 2) introducing a new method of production, 3) opening a new market (especially for export), 4) 

securing a new source of inputs for production, and 5) creating a new type of industrial organisation. The 

diversity of innovative behavior is also emphasised in a recent review by Ahmad and Seymour (2008), who 

define entrepreneurs as, “those persons (business owners) who seek to generate value, through the 

creation or expansion of economic activity, by identifying and exploiting new products, processes or 

markets.” 



  

76 

 

conclude that entrepreneurs are more risk-loving (Stewart and Roth 2007), while other 

studies conclude that their risk propensity is no different from the rest (Miner and Raju 

2004). Domurat and Tyszka (2018) suggest that these different outcomes can result from 

a variety of sources such as variation in sampling, the definition of entrepreneur used in 

the study, how risk was measured, and which domain of risk is measured (e.g., financial 

vs. health). Until now, there is still no conclusive answer on the entrepreneurs’ propensity 

to take risks from empirical research. 

 

To bring back the entrepreneur to its central role in development, Casson (2018) argues 

that addressing complexities brought on by the reintroduction of the entrepreneur in 

economic theory may require an economic theory that is inclusive of insights from social 

sciences beyond economics. Psychology offers a natural starting point, directing us to 

consider the role of how personality characteristics such as the five-factor model of 

personality (i.e., the Big Five), achievement motivation, locus of control, risk attitudes, and 

self-efficacy may distinguish the entrepreneur.10  

 

Evidence that any of these characteristics matter to characterise entrepreneurs is mixed. 

Zhao and Seibert (2006) find some evidence to support that entrepreneurs differ in three 

of the big five dimensions. Similarly, a meta-analysis from Collins, Hanges et al. (2004) 

suggests that achievement motivation is a significant factor in choosing entrepreneurship 

as a career as well as performance as an entrepreneur. A review of studies on locus of 

control concludes that entrepreneurs demonstrate greater internality than the general 

population, but achievement motivation has a stronger effect (Rauch and Frese 2007).  

 

While evidence to support a link between entrepreneurship and psychological traits such 

as achievement motivation and locus of control has been somewhat weak, there is 

somewhat more support to the hypothesis that self-efficacy plays a more critical role in 

explaining who becomes an entrepreneur (Domurat and Tyszka 2018) even if this 

conclusion is not unanimous (Rauch and Frese 2007). The importance of self-efficacy in 

 
10Definitions of these terms are in Appendix Table 3.A.1.  
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entrepreneurship may be explained by the individual’s belief in their abilities when facing 

an unknown challenge, such as entering a new market. As such, these results raised the 

question of which abilities matter most.  

 

Expanding that line of questioning, and closer to our approach, Hartog, Van Praag et al. 

(2010) link cognitive abilities, such as math and language, and social abilities with the 

decision to become entrepreneurs (versus a wage earner). They conclude that the skills 

that mattered differed between the two groups. Wage-earners benefited from language 

and clerical skills, while entrepreneurs benefited most from mathematical skills as well as 

other social and technical abilities.11  

 

One approach to further explore how distinct abilities shape the decision to become an 

entrepreneur is to rely on the concept of executive functions. Executive functions are top-

down mental processes that control an individual’s attention, dictate their ability to use 

information or suppress instinctive responses when those responses are not optimal 

(Miller and Cohen 2001, Espy 2004, Burgess and Simons 2005). An increasing number 

of studies have been influenced by this concept to study, for example, how self-control 

matters for borrowing and savings (Ashraf, Karlan et al. 2006), consumption (Gruber and 

Köszegi 2001, Giné, Karlan et al. 2010), as well as productivity (Ariely and Wertenbroch 

2002, Kaur, Kremer et al. 2015) or how attention influences technology adoption 

(Bennear, Tarozzi et al. 2013, Drexler, Fischer et al. 2014, Hanna, Mullainathan et al. 

2014). Additional studies find cognitive flexibility to be an important factor in two areas 

that are particularly relevant to entrepreneurs, innovation and creativity (Jaušovec 1991, 

Runco and Okuda 1991, Jaušovec 1994, Chi 1997). Other executive functions, such as 

working memory and cognitive planning, have received much less attention, although 

their importance is not necessarily negligible. 

 

 
11 They also conclude that a balance of these skills is important, providing some support to Lazear’s Jack-

of-all-trades theory (Lazear 2002, Lazear 2004). 
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One major limitation of this growing literature is its isolated discussion of each executive 

function at a time, which seems to go against the very definition of some of these concepts 

in which executive functions are largely intertwined and build off of each other (Diamond 

2013). This limitation may reflect both the fact that, although these studies have used the 

language of psychology, they have formalised it and understand it differently, as well as 

a preference for simplicity and, naturally, building a model of self-control rather than a 

model of all executive functions (including self-control) is more feasible. 

 

This article examines whether executive functions play an important role in a producer’s 

willingness to “try new things” Schumpeter (1947), in this case, take advantage of new 

market opportunities. We use a unique and rich dataset that includes, in addition to data 

on production decisions and respondents’ demographic characteristics, data on different 

tasks implemented to measure the main executive functions that we can expect to explain 

entrepreneurship.  

 

3.3. Context and Data 
Our data comes from rural areas in northern Laos. As in other parts of Asia, this is a 

region that is going through what Delgado, Rosegrant et al. (2001) call the ‘livestock 

revolution,’ the global change in agriculture driven by increased demand for livestock 

products, itself fuelled by population growth, urbanisation, and increased incomes in low-

income countries.12 Given Laos’ comparative advantage in ruminant production relative 

to its neighbours (Stür, Gray et al. 2002) and its proximity to large markets (notably China, 

Thailand, and Vietnam), producers in this country are well-placed to take advantage of 

increased demand, making cattle production a growing income opportunity in Laos 

(Phonvisay, Vanhnalat et al. (2016). Producing cattle is not a new activity in the rural 

 
12 FAOSTAT data supports the conclusion that similar trends are at play in Laos, where bovine (cattle and 

buffalo) meat production has increased nearly fivefold between 1980 and 2013 (from 9,930 tonnes to 

49,371 tonnes). Stür, Gray et al. (2002) state the demand for meat had grown consistently in Laos as well 

as the rest of Southeast Asia and the trend was likely to continue. 
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areas of developing countries, and an extensive literature studies its role and importance, 

noticeably as a saving mechanism (Harding, Warner et al. 2007). Producing cattle for a 

relatively large and distant foreign market is, however, new.  

 

The data used in this study were collected as part of a household survey in two provinces 

in northern Laos, Luang Prabang, and Xiangkhuang. In total, 840 households from 72 

villages, were interviewed in 2017 and 2018. Data collected in 2017 included the primary 

variables of interest, the executive functions,13 as well as other socioeconomic 

characteristics of the household. Data collected in 2018 included production data for 

cattle. Village-level data used in this study comes from a separate survey conducted with 

village leaders. The final sample size for the analysis is 711 unique households; we 

removed observations because of missing or incomplete executive function 

measurements.  

 

At the start of the 1990s, the Lao Government and international donors recognised the 

potential importance of the cattle industry to smallholder farmers in Laos. They worked 

towards building capacity in the cattle industry through improved extension services, 

disease surveillance, and animal husbandry techniques (Phonvisay, Vanhnalat et al. 

2016). As shown in Figure 3.1, 14  producers responded in a very dynamic way: in 2018, 

at the time of the survey, approximately 75% of households in our sample produced cattle 

(against a meagre 17% in 1990). From the period of 1990-2014, the percentage of our 

sample raising cattle increased gradually (≈ 1% per annum). There is a noticeable 

increase during the period 2014 - 2018 when the share of cattle producers increased by 

approximately 5% per annum. Simultaneously, this increase is accompanied by an 

increase in the importance of producing for the market, which grew to 39% of producers 

in 2018 (from a much lower share of 9% in 1990). It seems that not only rural households 

in our sample increased their wealth in terms of livestock (accompanying the general 

 
13 Description of tests used to measure executive functions in Appendix Table 3.A.2. 
14 Groups aggregated by their response to question, “What is your primary reason for keeping cattle?” 

Respondents either raise cattle for market or for savings.  
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reduction in poverty in the country since the 1990s) but that an increasing fraction of 

producers see themselves as actively recognising and taking advantage of the new 

opportunity created by earlier capacity building.  

 

Figure 3.1: Fraction of sample raising cattle 
Note: Longitudinal data based on recall of year producer started raising cattle, disaggregated by reason for 
raising cattle 
 

We can consider three different types of households concerning cattle production, (1) 

they can raise cattle for the market (hereafter, entrepreneurs),15 (2) they can raise cattle 

primarily as a savings mechanism (hereafter, traditional producers), or (3) they do not 

raise cattle at all. Table 3.1 allows a first discussion of any differences between these 

three types of households. The first conclusion drawn from Table 3.1 is that entrepreneurs 

 
15 Entrepreneurs in the context of this study are defined as the cattle producers who take advantage of the new 

market opportunity of raising cattle specifically for sale at the market. Or as Schumpeter (1947) would say, the 

producers who, “try new things.”  
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are systematically different from traditional producers and non-producers in all executive 

functions. In all cases, entrepreneurs performed better than other households in the 

different tasks used to measure their executive functions. In contrast, we do not find a 

difference in terms of risk aversion and only statistically weak differences in terms of time 

preferences, with entrepreneurs being less patient than traditional producers. The second 

conclusion is that we do not find many differences between entrepreneurs and traditional 

producers in terms of demographic characteristics, wealth (land and assets), or access 

to labour. Entrepreneurs had slightly larger farm sizes and more access to young female 

labour than traditional producers, but all other wealth and demographic characteristics 

were the same. 

 

The information in Table 3.1 also allows us to contrast entrepreneurs with those who do 

not produce cattle. The extent of these differences is now much larger: not only are non-

producers different in terms of their executive functions (usually performing worse than 

entrepreneurs), but also in several other dimensions. Households that do not raise cattle 

are more likely to be younger, more likely to be headed by women, generally less wealthy 

both in terms of assets and privately-owned forest land and have less access to labour. 

Except for inhibitory control, all the executive functions were significantly different 

between the entrepreneurs and non-producers. In all cases, the entrepreneurs had better 

scores than their counterparts.  
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Table 3.1. Descriptive statistics, by household type. 
 (1) Cattle (Market) (2) Cattle (Savings) (3) No Cattle Difference 
 Entrepreneurs Traditional  Non-producers  
  Mean SD Mean SD Mean SD (1)-(2) (1)-(3) 
Household Head characteristics         
Cognitive planning -0.11 1.31 -0.90 1.70 -0.82 1.67 0.79*** 0.71*** 
Fluid intelligence 0.14 0.96 -0.06 1.07 -0.07 0.94 0.20** 0.21** 
Inhibitory control‡ -0.07 0.11 -0.09 0.12 -0.08 0.10 0.02** 0.01 
Working memory 0.15 0.95 -0.12 0.98 -0.05 1.04 0.27*** 0.20** 
Cognitive flexibility 0.22 0.89 -0.13 1.04 -0.13 1.04 0.35*** 0.35*** 
Attention‡ 0.20 0.84 -0.18 1.08 -0.07 1.11 0.38*** 0.27*** 
Risk aversion 1.79 2.53 1.72 2.50 2.04 2.68 0.08 -0.25 
Discount rate 0.17 0.14 0.15 0.13 0.16 0.14 0.02* 0.00 
Schooling 5.39 2.85 5.38 2.89 5.49 3.24 0.01 -0.10 
Age 47.81 12.31 47.47 12.83 45.39 13.21 0.35 2.42** 
Male 0.97 0.16 0.97 0.17 0.94 0.24 0.00 0.03* 
Literacy 0.92 0.27 0.90 0.31 0.89 0.31 0.03 0.03 
Household characteristics         
Farm size (ha) 3.17 3.20 2.79 2.48 3.03 2.73 0.37* 0.14 
Forest size (ha) 0.96 2.15 0.78 1.61 0.47 1.10 0.18 0.50*** 
Agricultural assets 0.13 1.06 0.11 1.04 -0.28 0.80 0.02 0.41*** 
Male labour (13-17) 0.38 0.62 0.41 0.63 0.28 0.56 -0.03 0.10** 
Female labour (13-17) 0.46 0.68 0.33 0.62 0.39 0.81 0.13** 0.08 
Male labour (18-60) 1.72 0.98 1.74 1.00 1.36 0.82 -0.01 0.37*** 
Female labour (18-60) 1.75 0.96 1.66 0.88 1.52 0.75 0.09 0.23*** 
Total labour 4.32 1.83 4.14 1.77 3.55 1.74 0.18 0.77*** 
Dependency ratio 1.01 0.82 0.99 0.82 1.01 0.71 0.02 0.01 
N 290  258  163    

Note: ‘***’, ‘**’, and ‘*’ are significant at 1%, 5%, and 10% respectively 
‡: We use the symmetric values of inhibitory control and attention so that higher values indicate better performance 
in the task. 
 
In short, it seems that the decision to produce for the market (i.e., being an entrepreneur) 

versus for savings (the traditional activity), mostly reflects differences in producers’ 

cognitive functioning. A natural follow up question is whether these two types of producers 

do things differently, either with respect to production or the way that cattle are marketed.  

 

Production decisions of entrepreneurs and traditional producers are compared in Table 

2. Entrepreneurs have larger herds and receive higher revenues from cattle production, 

but this difference is primarily driven by the number of cattle sold, as we cannot detect 

any difference in the price they receive for the animals they sell. Entrepreneurs also differ 

in how they manage herd size, being more likely to breed cows and restock through births, 
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whereas traditional producers are more likely to purchase cattle to increase their herd 

size, presumably when benefiting from a positive shock to income. What is perhaps 

surprising is that there are not many other differences in management – entrepreneurs 

are not more likely to use modern breeding techniques, allocate resources to the 

production of forage or silage. They are even less likely to use preventative care, such as 

vaccinating their cattle against foot and mouth disease (a typically non-fatal disease), 

although they are slightly more likely to use a curative treatment.  
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Table 3.2. Differences in production technology: entrepreneurs vs. traditional producers  
 (1) Cattle (Market) (2) Cattle (Saving) Difference 
 Entrepreneurs Traditional  
 Mean SD Mean SD (1)-(2) 
Herd Size 10.06 (9.07) 7.62 (6.85) 2.44*** 
Cattle Purchased (% yes) 0.109 (0.312) 0.239 (0.428) -0.131*** 
Number of Cattle Purchased 0.412 (1.47) 0.517 (1.27) -0.106 
Number of cattle Born 2.42 (2.4) 1.95 (1.95) 0.47*** 
Cattle Sold (% yes) 0.551 (0.498) 0.363 (0.482) 0.188*** 
Number of Cattle Sold 3.59 (3.3) 2.15 (1.83) 1.44*** 
Cattle Revenue 15,109.91 (13192.24) 9,951.51 (9858) 5,158.40*** 
Price per cattle 4,717.62 (2132.28) 4,746.79 (2459.92) -29.17 
Controlled Mating (% yes) 0.041 (0.198) 0.023 (0.151) 0.018 
Grow Fodder (% yes) 0.415 (0.494) 0.459 (0.499) -0.044 
Purchase Fodder (% yes) 0.003 (0.058) 0.00 (0.00) 0.003 
Grow Silage (% yes) 0.01 (0.101) 0.008 (0.088) 0.002 
HS Vaccine (% yes) 0.476 (0.5) 0.456 (0.499) 0.021 
Foot and Mouth Vaccine (% yes) 0.293 (0.456) 0.436 (0.497) -0.144*** 
Parasite Vaccine (% yes) 0.122 (0.328) 0.127 (0.334) -0.005 
Other Vaccine (% yes) 0.136 (0.343) 0.124 (0.33) 0.013 
Use Curative Treatment (% yes) 0.133 (0.34) 0.089 (0.285) 0.044* 
Dry Season Free grazing (% yes) 0.776 (0.418) 0.795 (0.404) -0.02 
Wet Season Free grazing (% yes) 0.361 (0.481) 0.402 (0.491) -0.041 
Observations 294  259   

Note: ‘***’, ‘**’, and ‘*’ are significant at 1%, 5%, and 10% respectively 
 

Differences in marketing behaviour between entrepreneurs and traditional producers are 

presented in Table 3.3. The data shows that, in general, entrepreneurs are more engaged 

in marketing activities than traditional producers. A higher percentage of entrepreneurs 

sell their cattle to multiple traders, in village markets. They were also more likely to check 

the price of cattle before a sale, especially by contacting a trader directly, and also more 

likely to bargain over the price with traders.  
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Table 3.3. Differences in marketing practices: entrepreneurs vs. traditional producers 

 
(1) Cattle 
(Market) 

(2) Cattle 
(Saving) Difference 

 Entrepreneurs Traditional  
 Mean SD Mean SD (1)-(2) 
Sold to trader (% yes) 0.327 (0.47) 0.224 (0.418) 0.103*** 
Sold to other traders (% yes) 0.262 (0.026) 0.181 (0.023) 0.081*** 
Sold cattle inside village (% yes) 0.398 (0.49) 0.293 (0.456) 0.105*** 
Sold cattle outside village (% yes) 0.088 (0.284) 0.097 (0.296) -0.009 
Checked cattle price before sale (% yes) 0.347 (0.477) 0.29 (0.454) 0.057* 
Check cattle price inside village (% yes) 0.2 (0.401) 0.193 (0.395) 0.007 
Check cattle price outside village (% yes) 0.058 (0.233) 0.039 (0.193) 0.019 
Check cattle price with traders (% yes) 0.153 (0.361) 0.104 (0.306) 0.049** 
Don't know how to check price (% yes) 0.054 (0.227) 0.039 (0.193) 0.015 
Pre-arrange price with trader (% yes) 0.167 (0.373) 0.143 (0.351) 0.024 
Bargain price with trader (% yes) 0.303 (0.46) 0.231 (0.423) 0.072** 
Observations 294  259   

Note: ‘***’, ‘**’, and ‘*’ are significant at 1%, 5%, and 10% respectively 
 

3.4. Explaining entrepreneurship  
We examine the importance of differences in executive functions in explaining the 

decision to produce cattle for the market (vs. raising cattle for the traditional purpose of 

savings). We model this decision using a Heckman selection model for binary outcomes 

(Heckman 1979, Aakvik, Heckman et al. 2005) that accounts for selection into cattle 

production. These results, for both selection and outcome, are presented in Table 3.4.16 

We assume that village-level characteristics (that are exogenous to households) such as 

availability of communal grazing and forests, irrigation infrastructure, and whether the 

village was affected by the Land and Forest Allocation policy (a land zoning program that 

restricts the expansion of agricultural land, with the aim of limiting swidden agriculture 

and protecting forest) will condition the feasibility of cattle production but have no direct 

influence on the market orientation of the producer. Similarly, the availability of household 

 
16 See Table 3.A.3. for probit model results not accounting for selection into cattle. The significance levels 

of some executive functions change when selection accounted for – particularly cognitive flexibility which 

loses significance from 1% to 10% with Heckman model. 
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labour by young males, with low opportunity costs outside of raising livestock, is likely to 

explain the decision to raise cattle but, conditional on overall labour availability, should 

play no role in explaining entrepreneurship.  
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Table 3.4. Explaining entrepreneurship 
  Raise Cattle Entrepreneur 
  Mean SE Mean SE 
Cognitive Planning 0.046 (0.040) 0.152*** (0.047) 
Fluid intelligence 0.084 (0.061) 0.033 (0.057) 
Inhibitory control (symmetric)  -0.053 (0.462) 1.097** (0.466) 
Working memory -0.102 (0.075) 0.097* (0.057) 
Cognitive flexibility 0.089 (0.066) 0.124* (0.067) 
Attention (symmetric) -0.010 (0.064) 0.180*** (0.059) 
Risk aversion -0.035* (0.019) 0.017 (0.021) 
Discount rate 0.130 (0.356) 0.824** (0.410) 
Schooling -0.048** (0.023) -0.032 (0.024) 
Age -0.000 (0.005) 0.010* (0.006) 
Male 0.542** (0.253) -0.180 (0.314) 
Literacy 0.211 (0.198) 0.331 (0.221) 
Farm size (ha) -0.035 (0.023) 0.034 (0.026) 
Forest size (ha) 0.099** (0.045) 0.028 (0.032) 
Agricultural assets 0.362*** (0.102) -0.152* (0.085) 
Dependency Ratio 0.143 (0.104) -0.034 (0.070) 
Viengkham district -0.063 (0.218) 0.060 (0.162) 
Kham district -0.021 (0.271) -0.126 (0.216) 
Phoukhout district -0.635* (0.369) 0.141 (0.252) 
Dist. to market (km) -0.005 (0.007) 0.002 (0.006) 
Number of ext. visits 0.005 (0.030) -0.008 (0.023) 
Rainy season access -0.532** (0.236) 0.284* (0.158) 
District HQ Distance (km) 0.008 (0.006) 0.003 (0.004) 
Cattle Experience (years)   -0.003 (0.007) 
Total labour   -0.047 (0.037) 
Male labour (13-17) 0.240** (0.111)   
Female labour (13-17) 0.024 (0.102)   
Male labour (18-60) 0.290*** (0.095)   
Female labour (18-60) 0.072 (0.058)   
Mixed village ecosystem -0.145 (0.200)   
Upland village ecosystem -0.667*** (0.253)   
Communal grazing (ha) 0.000*** (0.000)   
Communal forest (ha) -0.000*** (0.000)   
Village irrigation  0.239 (0.212)   
LFA policy 0.440** (0.175)   
     
𝜌𝜌   -0.941** (0.452) 
Constant -0.006 (0.503) -0.299 (0.463) 
Observations 711  711   

Note: ‘***’, ‘**’, and ‘*’ are significant at 1%, 5%, and 10% respectively. Standard errors are 
clustered at the village level. We use the symmetric values of inhibitory control and 
attention so that higher values indicate better performance in the task. 
 

The main conclusion is that better performance in the tasks used to measure the different 

executive functions significantly increases the likelihood of an individual being an 

entrepreneur. Compared to traditional producers, entrepreneurs have higher self-control 

(inhibitory control), including the ability to focus on selective stimuli (attention), and excel 

at planning (cognitive planning). Additionally, and to a lesser extent, they are also better 
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at storing and manipulating information (working memory) and at learning and quickly 

adapting to new rules (cognitive flexibility). Somewhat surprisingly, fluid intelligence 

(which, under the label of cognition, has received most attention by economists) is not a 

significant factor in explaining producers’ decision to raise cattle for the market. In short, 

heterogeneity in cognitive abilities seems to matter in distinguishing between 

entrepreneurs and traditional producers. 

 

Turning our attention to our measures of economic preferences, our results suggest that 

risk aversion, which has received considerable attention in the entrepreneurship 

literature, does not play a significant role in explaining entrepreneurship in our study. They 

also suggest that entrepreneurs are more impatient than traditional producers, who raise 

cattle as savings for their future selves.  

 

Very few variables are significant in our entrepreneurial model, besides the 

abovementioned cognitive and behavioural characteristics. We do not find any substantial 

evidence that location matters for producers’ decisions to enter into the entrepreneurial 

activity, location fixed effects and other variables are not significant. The only marginally 

significant location variable in the outcome model is road access to the village during the 

rainy season. This could affect entrepreneurs' marketing ability, as traders would not have 

access to their villages during the rainy season. Overall, decisions to enter the 

entrepreneurial activity are primarily driven by cognitive and behavioural traits of the 

individual, rather than their demographic and location characteristics. 

 

 

 

3.5. Conclusions 
In this study, we investigate whether and how entrepreneurs differ from traditional 

producers, paying particular attention to the importance of heterogeneity with respect to 

executive functions. We study the decision of cattle producers in northern Laos, who have 
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chosen to take advantage of the new market opportunity of raising cattle to sell at the 

market (in contrast to the traditional use of cattle as savings). 

 

We find that entrepreneurs are different from non-entrepreneurs in several dimensions. 

Most notably is that they score higher in many of the executive functions. Entrepreneurs 

have better impulse control (inhibitory control), including the ability to focus on selective 

stimuli (attention), and are better at planning (cognitive planning) compared to traditional 

producers. This result signals apparent differences in the ways that entrepreneurs 

process information. Furthermore, even though risk-seeking behaviour is often 

associated with the entrepreneur, we find no evidence to support the link between risk 

attitudes and the likelihood of being an entrepreneur.  

 

Our results may carry implications for the promotion of entrepreneurial activity. Training 

entrepreneurship is useful because entrepreneurs play a significant role in the economy 

(Van Praag and Versloot 2007), and this can be especially true in transition economies 

such as Laos (McMillan and Woodruff 2002). Entrepreneurship training and support 

programs have been developed to include psychological skills and attitudes beyond the 

foundational economic and business knowledge being taught (Domurat and Tyszka 

2018). These programs may benefit by extending the psychological skills training to 

include executive function development. There is evidence that executive functions are 

malleable and can be improved (Klingberg 2010, Diamond and Lee 2011). With 

computerised training programs providing promising results for executive function 

improvement in many studies (Klingberg, Fernell et al. 2005, Holmes, Gathercole et al. 

2009, Thorell, Lindqvist et al. 2009, Bergman Nutley, Söderqvist et al. 2011). The 

incorporation of executive function improvement exercises into entrepreneurship training 

programs is a logical next step.  
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3.8. Appendices 
Appendix 3.1. Descriptions of executive functions 

 

Inhibitory control is the ability to control one’s behaviour, attention, emotions, or thought. 

Inhibitory control allows people to choose how to react rather than reacting instinctively 

to internal predisposition or external temptation (Diamond 2013). In earlier literature, 

inhibitory control was disaggregated into two separate parts: interference control and 

response inhibition. The first part allows us to ignore distracting stimuli that have the 

potential to distract from one’s goal. 17 The second aspect of inhibitory control, response 

inhibition, does not involve restricting attention to stimuli but instead restricting behaviour 

or responses. Moffitt, Arseneault et al. (2011) conducted a long-term study that followed 

1,000 children of similar backgrounds into adulthood. The study argued that inhibitory 

control, measured when individuals were children, had predictive power on outcomes 

throughout the individuals’ lives, even after controlling for environmental factors. Children 

who displayed more inhibitory control from ages 3 to 11 were more likely as teenagers to 

stay in school and less likely to use drugs (Moffitt, Arseneault et al. 2011). Children who 

displayed higher inhibitory control went on to have better mental health, better physical 

health (e.g., lower body weight, lower blood pressure), higher incomes, lower crime rates, 

and were found to be happier as adults (Moffitt, Arseneault et al. 2011).  

 

Attention works closely with inhibitory control. Attention is defined as the ability to focus 

attention on a specific piece of information by engaging in a selection process in which 

 
17 The first aspect of inhibitory control, interference control, can be further thought of as internal and external 

inhibition. Internally, unwanted memories and thoughts can be ignored and even forgotten, this is known as 

cognitive inhibition (Anderson and Levy 2009). Externally, attention can shift suddenly to external stimuli such as a 

loud noise. This involuntary attention to external stimuli is driven by the properties of the stimuli themselves 

(Theeuwes 1991). When an individual chooses to ignore these external stimuli and focus on their goals it is most 

often referred to as selective or focused attention (a.k.a. active attention, attentional control, attentional inhibition, 

endogenous attention, executive attention, goal-driven attention, top-down attention, volitional attention, or 

voluntary attention) (Posner and DiGirolamo 1998, Theeuwes 2010).  
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an individual continues to process stimuli from this source (Dean, Schilbach et al. 2017). 

Attention can be both internal and external (Chun, Golomb et al. 2011). Some positive 

examples would include focusing attention on internal stimuli for a task one wished to 

complete and focusing attention on external stimuli that can help you complete this task, 

(e.g., reading about an econometric model). Attention has received much attention from 

economists and psychologists because of its relevance in decision-making (Pashler and 

Sutherland 1998). Attention is simply selecting information to be processed; however, 

attention is limited, and one’s ability to efficiently select information to be processed can 

be depleted (Broadbent 1958).  

 

Working memory involves holding and manipulating information in mind that isn’t currently 

present (Baddeley & Hitch, 1994; Smith & Jonides, 1999). Working memory differs from 

short-term memory in that short-term memory only involves holding information without 

any manipulation of the information (Diamond 2013). The development pattern of working 

memory is very similar to the abovementioned effect of age on inhibitory control. Children 

develop the ability to hold information in mind quite early, with infants and young children 

being able to hold one or two things in mind for a sustained period (Adele Diamond, 1995; 

Nelson, Sheffield, Chevalier, Clark, & Espy, 2013). However, the ability to hold many 

things in mind and manipulate information in mind develops much more slowly and comes 

later in life for individuals after a long developmental process (Cowan, Saults et al. 2002, 

Luciana, Conklin et al. 2005, Crone, Wendelken et al. 2006, Davidson, Amso et al. 2006, 

Cowan, AuBuchon et al. 2011). Finally, much like inhibitory control, working memory 

declines as a natural part of the aging process (Fiore, Borella, Mammarella, & De Beni, 

2012; Fournet et al., 2012). 

 

Cognitive flexibility is defined as the ability to adapt to changing circumstances (Friedman, 

Miyake et al. 2006), involving switching between rules, tasks, or mental sets (Lezak et al., 

2004) and allowing an individual to change their view or see things from multiple 
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perspectives.18 Cognitive flexibility builds on the working memory, and inhibitory control 

develops much later in individuals (Davidson, Amso et al. 2006, Garon, Bryson et al. 

2008). Martin and Rubin (1995) and Martin and Anderson (1998) suggest that cognitive 

flexibility is composed of three steps: individual’s awareness that alternatives exist to the 

current situation, followed by a willingness to be adapt to alternatives and, finally, the 

decision to modify their behaviour or switch their beliefs for the current situation. 

 

Fluid intelligence refers to an individual’s ability to solve novel problems of which they 

have no prior experience (Horn and Cattell 1966).19 It can further be thought of as the 

ability to solve problems, reason, and to see spatial relationships among items (Ferrer, 

Shaywitz et al. 2010). Previous studies have found high fluid intelligence, as measured 

by Raven’s progressive matrices (Raven 1936, Raven 2000) to be highly correlated with 

other independently measured executive functions (Kane and Engle 2002, Conway, Kane 

et al. 2003, Duncan, Parr et al. 2008, Roca, Parr et al. 2009).  

 

Cognitive planning, also known as sequencing, is the ability to create a strategy of steps 

(in sequence) to achieve intended goals (Dean, Schilbach et al. 2019). To plan well, 

individuals must consider multiple hypothetical steps to reach their desired outcome and 

then select from the multiple options the one that will most efficiently help them reach 

their desired goal (Carlin, Bonerba et al. 2000). 

 

Executive functions are largely interdependent, as seen in figure 3.A.1. Working memory 

relies upon inhibitory control, and inhibitory control relies upon working memory. Cognitive 

flexibility relies upon both working memory and inhibitory control, and the higher-level 

executive functions rely upon working memory, inhibitory control, and cognitive flexibility. 

 
18 Cognitive flexibility is also referred to as mental flexibility, cognitive shifting, set shifting, or task/attention 

switching (Canas, Quesada et al. 2003, Tchanturia, Davies et al. 2012). 
19 Together with crystalised intelligence, formed by learned skills, subjects, etc, fluid intelligence form general 

intelligence 
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Interventions focused on any one specific executive function will likely have spillover 

effects into some of the other executive functions. 

 

 

Figure 3.A.1. Simplified interrelationship of executive functions (adapted from Diamond (2013). 

 

Different executive functions are likely to enter an agent’s utility function primarily as 

changes to an agent’s preferences as well as their feasible sets. By not acting impulsively 

and being able to focus on the task at hand using inhibitory control, an agent’s feasible 

set should be larger. Inhibitory control allows an agent to be more productive with their 

time. Inhibitory control will also enter an agent’s time preference as it is crucial in delaying 

gratification and choosing a better option tomorrow over a lesser option today.  

 

Attention 
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Working memory may also change the feasible sets of agents. The ability to mentally 

store and manipulate information for sustained periods of time can make agents more 

efficient and productive. An example in agriculture could be an agent performing mental 

math to determine how much fertiliser to use on a given plot of land. Too little and the 

crop won’t meet its full potential, too much and the excess fertiliser is of no use to the 

productivity of the plant and is therefore inefficient use of the fertiliser.  

 

Cognitive flexibility is likely to change an agent’s preferences as well as feasible sets. 

Cognitive flexibility is vital in seeing things from multiple perspectives or changing views. 

This ability is essential when, for example, an agent is considering adopting new 

technologies. Being able to see themselves in as Dean, Schilbach et al. (2019) say, ‘other 

states of the world’ can essentially make it less costly for an agent to make changes 

because higher levels of cognitive flexibility allow an agent to learn new rules quickly. 

Higher levels of cognitive flexibility also make task/attention switching easier, which could 

allow agents to engage in multiple and more diverse productive activities. This would 

allow for different feasible sets as well as different preferences for the agent. 

 

Cognitive planning is a higher-level executive function and is likely to change feasible 

sets for an agent. Agents with higher levels of cognitive planning ability are better at 

considering multiple hypothetical options that will help them reach the desired goal. This 

ability to better plan in order to reach a more desirable outcome should loosen constraints 

and extend an agent’s feasible sets. 

 

The final higher-level executive function is fluid intelligence. Agents with higher levels of 

fluid intelligence have a higher ability to solve new problems without any prior experience 

with them. Similar to cognitive flexibility, this executive function can enter an agent’s utility 

function through preferences as it is less costly for agents with higher levels of fluid 

intelligence to learn new things. This may also translate into more diverse productive 

activities among the agent, changing their feasible sets.  
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Table 3.A.1. Definitions of personality characteristics 
Characteristic Definition References 
Five-factor model 
of personality (i.e., 
the Big Five) 
 

1. Openness to experience – the degree to which a person needs 
intellectual stimulation, change, and variety. 

2. Conscientiousness – The degree to which a person is willing to 
comply with conventional rules, norms, and standards. 

3. Extraversion – The degree to which a person needs attention 
and social interaction. 

4. Agreeableness – The degree to which a person needs pleasant 
and harmonious relations with others.  

5. Neuroticism (Emotional Stability) – The degree to which a 
person experiences the world as threatening and beyond their 
control. 

(Borghans, 
Duckworth et 
al. 2008) 

Achievement 
motivation 

An individual’s desire to do well at an activity in order to achieve a 
sense of accomplishment 

(Borghans, 
Duckworth et 
al. 2008) 

Locus of control The extent to which people believe that they can control outcomes 
in their lives. Individuals with a more internal locus of control 
believe that their actions directly affect outcomes. Conversely, 
individuals with a more external locus of control believe that 
outcomes are beyond their control and are dependent on external 
circumstances 

(Rotter 1966) 

Self-efficacy One’s belief in their ability to succeed in a task. Self-efficacy can 
ebb and flow throughout one’s life – a series of failures can reduce 
self-efficacy, and a series of successes can increase self-efficacy 

(Bandura 
1994) 
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Table 3.A.2. Measuring executive functions  
Executive 
Function 

Measurement 
task 

Description References 

Inhibitory 
control 

Numerical Stroop 
task 

Measured using the numerical Stroop task, which is the same as the original Stroop task, in that individuals 
are asked to override their automatic responses in favor of more controlled responses. Respondents 
compare two numbers of different sizes in either congruent pairs (e.g., 6 2) or incongruent pairs (e.g., 6 2), 
and their response times are measured for either physical or size judgments. Larger inhibition scores  
lower inhibitory control. 

(Stroop 1935) 
(Besner and 
Coltheart 1979) 
(Henik and 
Tzelgov 1982) 

Attention Psychomotor 
Vigilance Task 

Vigilance task measured using the app from Psych Lab 101. Respondents are asked to tap on the screen 
when a white box appears in the target area and to not respond when the white box appears outside of the 
target area. 100 trials were run, 20 of which had targets. The average response time of the vigilance test 
was recorded as the measurement of attention. Larger attention scores  lower attention. 

(Basner and 
Dinges 2011) 

Working 
memory 

Backward Corsi 
block test 

Measured using the app Visuospatial Memory Test. Respondents are required to remember a sequence of 
numbers in the app and then manipulate the sequence and report it in backward order from which it was 
originally presented to measure their working memory. Larger working memory scores  higher working 
memory capacity 

(Corsi 1973) 

Attention Psychomotor 
Vigilance Task 

Measured using the Psychomotor Vigilance Task (Mackworth 1948) For these tasks, individuals are asked 
to respond to a stimulus for an extended period of time. In this specific application, individuals were asked 
to look at a screen and tap when a dot appears in the top half of a target area but not when it appears in the 
bottom half. Scores are determined by response time; lower scores equate to better performance.  

(Mackworth 
1948) 

Cognitive 
flexibility 

Berg card sorting 
task 

Individuals are asked to sort playing cards according to different categories such as colour, number, and 
shape. They do not know the correct sorting criteria and must infer the correct criteria through trial and error. 
The rules for correct sorting automatically change during the game, and the individuals once again need to 
infer the correct criteria. Individuals with higher levels of flexibility are better able to adapt to the new rules 
and thus have fewer sorting errors. Larger flexibility scores  higher cognitive flexibility 

(Berg 1948) 

Cognitive 
planning 

Tower of Hanoi Measured by requiring participants to move a series of differently sized discs from a pole on the left side to 
another pole on the right side, following a series of rules. The fewer moves it takes an individual to accomplish 
the task, the higher their ability in cognitive planning. Larger planning scores  higher levels of cognitive 
planning 

(Kotovsky, 
Hayes et al. 
1985) 

Fluid 
intelligence 

Raven 
progressive 
matrices 

Measured using a series of progressively harder 3x3 matrix puzzles that must be solved by correctly selecting 
the missing piece of each puzzle. This tests the logical reasoning and the individual’s ability to solve new 
problems without any prior knowledge. Larger fluid intelligence scores  higher level of fluid intelligence 

(Raven 1936) 
(Raven 2000) 
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Table 3.A.3. Explaining entrepreneurship probit model – no selection 

 Entrepreneur 
  Mean SE 
Cognitive Planning 0.161*** (0.033) 
Fluid intelligence 0.069 (0.050) 
Inhibitory control (symmetric)  0.925** (0.466) 
Working memory 0.053 (0.055) 
Cognitive flexibility 0.163*** (0.060) 
Attention (symmetric) 0.193*** (0.059) 
Risk aversion -0.007 (0.019) 
Discount rate 0.815** (0.330) 
Schooling -0.041** (0.020) 
Age -0.000 (0.005) 
Male 0.122 (0.284) 
Literacy 0.364* (0.195) 
Farm size (ha) 0.017 (0.021) 
Forest size (ha) 0.071** (0.028) 
Agricultural assets 0.003 (0.076) 
Dependency Ratio 0.013 (0.065) 
Viengkham district 0.056 (0.156) 
Kham district 0.004 (0.177) 
Phoukhout district -0.180 (0.243) 
Dist. to market (km) -0.004 (0.006) 
Number of ext. visits -0.010 (0.015) 
Rainy season access 0.042 (0.151) 
District HQ Distance (km) 0.007* (0.004) 
Cattle Experience (years) 0.022*** (0.008) 
Total labour 0.031 (0.034) 
Constant -1.045** (0.438)    
Observations 711  

Note: ‘***’, ‘**’, and ‘*’ are significant at 1%, 5%, and 10% respectively. Standard errors are 
clustered at the village level. We use the symmetric values of inhibitory control and attention so that 
higher values indicate better performance in the task. 
 
 

  



  

Page | 105  

 

  



  

Page | 106  

 

Conclusions 
 

This thesis looked at the importance of agricultural decision-making in changing 

environments, in the context of smallholder producers in Southeast Asia. As a result of 

globalisation and climate change, smallholder producers face unprecedented change, both 

in terms of frequency and magnitude. Understanding how producers adapt to these new 

environments is increasingly important now and into the future. The three essays of this 

thesis all looked at different challenges facing smallholder producers in Southeast Asia, and 

what factors are important in their decision-making.  

 

How Expectations, Information, and Subsidies Influence Farmers’ 

Use of Alternate Wetting and Drying in Vietnam’s River Deltas 
 

In chapter 1, we find that expectations of alternate wetting and drying (AWD) were important 

determinants in deciding to use AWD. This result is accurate for the pooled sample of all 

locations as well as when analysing the data by river delta. The expectation of higher yields, 

decreased weed costs, and lower irrigation cost increased a farmer’s likelihood to use AWD. 

We also find that when comparing the results of the logit model to the reported costs and 

returns, expectations match reality for yield, weeds in the paddy, and irrigation (when 

controlling for subsidy). The cost and return analysis revealed that AWD farmers had higher 

yields, higher weeding costs, and lower irrigation costs when compared to continuously 

flooded (CF) farmers who do not receive an irrigation subsidy. 

 

Information about AWD plays an important role in producers’ irrigation decisions. However, 

the producers do not seem to be receiving as much information as necessary when making 

these decisions. The most substantial disincentive of AWD, increased weeds in the paddy, 

is well understood by producers, but there is less evidence that the most considerable 

incentive, decreased irrigation use, is understood. The expectation that using AWD reduces 

water use is only a significant factor in producers’ decisions to use the practice in the Mekong 

River Delta, and the results of the cost and return analysis show no significant differences 

in irrigation costs between the two groups of producers. However, we show that the benefits 

of reduced water use are offset by the current irrigation subsidy scheme in place for our 
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producers. CF farmers who report receiving a subsidy pay significantly less than AWD 

farmers, and CF farmers who report receiving a subsidy pay significantly more than AWD 

farmers. 

 

AWD has a significant role to play as the Vietnamese Government works towards meeting 

its stated objectives as it relates to the Paris Climate Agreement and its nationally 

determined contribution. Rice is responsible for nearly half of all GHG emissions in the 

agricultural sector of Vietnam and, as such, has substantial potential to contribute to 

achieving the nationally determined contribution. One of the most promising mechanisms to 

reduce GHG emissions in rice production is AWD, which abates nearly 50% of all GHG 

emissions. The main economic benefit of AWD is realised through reduced water 

consumption for irrigation and thus lower irrigation costs. As such, the government can use 

its control of irrigation subsidies to allow this incentive to be realised by farmers. We observe 

the effect of this subsidy in our study. If a farmer perceives that they receive an irrigation 

subsidy, they are less likely to use AWD by as much as 21%. This effect is most pronounced 

in the Red River Delta, where farmers receive support from the government to move 

irrigation water from the canals to the fields. In the Mekong River Delta, farmers do not 

receive this additional support, and thus, there is no reported effect of perceived irrigation 

subsidies. 

 

The Vietnamese Government can use AWD to abate GHG emissions and move closer to 

achieving their nationally determined contribution without burdening themselves or 

Vietnamese farmers with additional costs to production. The promotion of AWD can be 

achieved by changing expectations through proper channels of agricultural information, 

particularly in the Mekong River Delta, where farmers in this study were more responses to 

sources of agricultural information. Furthermore, as the perceived water subsidy variable 

shows, AWD use can be improved by adjusting the incentives around irrigation, especially 

in the Red River Delta. A combination of these efforts could help Vietnam mitigate GHG 

emissions from rice production and move closer to obtaining its nationally determined 

contribution to the Paris Climate Agreement. 
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Climate Change Adaptation Strategies Vary with Climate Change 

Stress: Evidence from Three Regions of Vietnam  
 

In chapter two, we investigate the climate change adaptation decisions of rice-producing 

households in Vietnam, investigating household and agricultural adaptations separately. 

The purpose of this chapter was to understand if some climate change stresses or impacts 

from climate change stress elicited stronger climate change adaptations from individuals. 

We find evidence that at the household adaptation level, drought, flooding, and to a lesser 

extent, storms and salinity intrusion, elicited the strongest autonomous adaptations from 

individuals. The most common autonomous response at the household level is to have a 

financial adaptation, such as selling assets, borrowing money, or using savings. The 

popularity of households using a financial response may provide an opportunity for 

microfinance lending in Vietnam to build capacity and reduce vulnerability in households as 

they adapt to climate change. Autonomous adaptations taken in the private market are 

generally understood to be efficient, and microfinance is a way for poorer households to 

access the additional resources necessary to carry out efficient autonomous responses to 

climate change.  

 

Agricultural responses depended less on specific climate change stresses and more so on 

the impacts brought on my any stress. Low yields, crop loss, increased food insecurity, and 

increased debt all changed the probabilities of individuals taking specific agricultural 

responses. Our results also provide field-level evidence that the sources of stress vary 

across landscapes in Vietnam. These results support the necessity for location-specific 

adaptation policies in Vietnam called for in previous publications.  

 

Chapter two provides policymakers with evidence of which stresses are already causing 

autonomous adaptations to occur among individuals and which responses they are using. 

Climate change inaction is as important as climate change action. Specific stresses, such 

as sea-level rise and saltwater intrusion, did not elicit strong adaptations from individuals. 

This void leaves room for a government response to the stresses where private adaptations 

are presently absent. While addressing the gaps in private adaptations that require 

significant public support, the government can provide short-term support for individual 

autonomous adaptations. Microfinance lending is a viable option to support private 
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autonomous adaptations. However, autonomous adaptations alone are not sufficient. 

Instead, it should be a way to help individuals help themselves in the short run, while other 

planned adaptations and mitigation options are established as part of a comprehensive 

climate change policy.  

 

Becoming an Entrepreneur: Cognitive Function and the Transition to 

the Market 
 

In the final chapter, we change our focus from external factors influencing producers’ 

decisions and focus on the characteristics of the decision-maker themselves. Specifically, 

we investigate if individuals’ scores on cognitive tests can determine their decision to 

become an entrepreneur. We study this decision in the context of cattle producers in 

northern Laos, who have chosen to take advantage of the new market opportunity of raising 

cattle to sell at the market (in contrast to the traditional use of cattle as savings). 

 

In this chapter, we find that entrepreneurs are different from non-entrepreneurs in several 

dimensions. The largest differences are that they score higher in many of the executive 

functions. Entrepreneurs have better impulse control (inhibitory control), including the ability 

to focus on selective stimuli (attention), and are better at planning (cognitive planning) 

compared to traditional producers. The differences in executive functions signal differences 

in the way that entrepreneurs process information in decision making. 

 

The results of chapter three may have important implications on how entrepreneurship is 

trained. Entrepreneurship training programs are beneficial because of the importance of 

entrepreneurs in economic development. These programs have included psychological 

skills and attitude development training in more recent times in addition to the standard 

foundational business and economics training. There is evidence that executive functions 

are malleable with targeted training. Because of this, progressive entrepreneurship training 

programs can benefit from the inclusion of executive function training.  
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In the three chapters of this thesis, we demonstrate the importance of using economics to 

model decision making for agricultural producers. With new and ever-changing 

environments, modelling decisions will continue to be an important contribution from the field 

of economics to agricultural producers. Better understanding producers’ decisions are useful 

in drafting effective policy and developing successful programs to help producers adapt to 

their changing environments. 

 

*********************************** 
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