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Abstract The perceptions of climate change and adaptation choices made by
farmers are important considerations in the design of adaptation strategies by
policy makers and agricultural extension services. This paper seeks to determine
these perceptions and choices by farmers in already poor environmental regions
of Thailand and Vietnam especially vulnerable to climate change. Overall find-
ings were that farmers do perceive climate change, but describe it in quite distinct
ways and that location influences how farmers recognize climate change. Our
2007 and 2013 surveys show that farmers are adapting, but it is difficult to deter-
mine if specific practices are “climate smart”. Further, adaptation measures are
informed by perception and, at least in the case of Vietnam, perceptions are shaped
by the respondent’s characteristics, location variables and recent climate related
shocks. Finally, the three climate variables of rainfall, temperature, and wind are
the most important factors in explaining specific adaptation measures chosen by
farmers. Farmer participation is an essential part of public actions designed to
allow adaptation to climate change. Our research can also contribute to under-
standing farmer constraints and tailoring good overall strategies to the local het-
erogeneity of vulnerable locations.
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1 Introduction

As established by the Intergovernmental Panel on Climate Change (IPCC 2014), cli-
mate change is affecting Southeast Asia through increasing average temperatures,
sea level rise and changes in precipitation, although trends differ strongly across the
region. Countries in Southeast Asia are especially vulnerable to the downside effects
of global climate change because of (i) their long coastlines, (ii) high concentration
of human and economic activities in coastal areas, (iii) large and growing popula-
tions, and (iv) the importance of agriculture as a source of employment and income
(ADB 2009). Climate change can have especially negative consequences for agricul-
tural productivity and food security (Iglesias et al. 2011). In Thailand, Boonpragob
(2005) found that between 1991 and 2002 the country’s agriculture experienced crop
yield losses worth some 50 billion Thai Baht (approximately 1.3 billion EURO). In
Vietnam, which ranks among the top five countries most affected by rising sea levels
(Dasgupta et al. 2007), the impact of extreme weather has led to the damage of rice
fields by frequent flooding, for example in the Red River Delta, Central Region, and
the Mekong Delta. At the same time, rice areas affected by droughts doubled from
some 77,000 ha in 1979-1983 to over 175,000 ha in 1994-1998 (Cuong 2008).

To reduce their vulnerability to the negative effects of climate change, farmers
must adapt (Gbetibouo 2009). Adaptation measures should be both technically
appropriate and economically feasible. In agriculture, adaptations to climate change
will require new technologies and investments. Farmers may have to adopt new crop
varieties and new livestock breeds, change their cropping systems and invest in new
soil and water conservation methods.

In this paper, we explore climate change in Thailand and Vietnam from the per-
spective of households living in less favored rural areas who are especially vulner-
able to the effects of climate change. We focus on three provinces in Northeast
Thailand and three provinces in the Central Highlands and North Central Coast of
Vietnam. The study makes use of a database of some 4000 households in these two
countries collected as an ongoing research project since 2007 entitled “Impact of
Shocks on the Vulnerability to Poverty: Consequences for Development of Emerging
Southeast Asian Economies” (DFG FOR 756). We mainly use the 2013 survey as it
contained a module on climate change. In addition, the survey included questions
on household member characteristics, assets, income and consumption, past shock
experience, expected risks and individual risk attitudes.

We aim to answer the following questions:

1. What climate-related shocks did farm households experience, what observations
did they make about changes in climate over time and what indicators did they
use to describe climate change?

2. What determines the farmers’ perceptions of climate change and their decision
to adjust agricultural production in response to the effects of perceived climate
change?

3. What explains the choice of agricultural adaptation measures by farm
households?
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The answers to these questions are important for the design of policies and
projects aimed to help farmers living in poor environments to adapt to climate
change. The participation of farm households in public actions aiming to mitigate or
adapt to the impacts of climate change depends on the willingness of these house-
holds to participate. Our research can also contribute to the interpretation of the
results of climate change models that may have a good overall geographic perspec-
tive but may miss the heterogeneity that exists at local levels.

The paper proceeds as follows: Section 2 presents the theoretical background for
the determinants of individual climate change perceptions and adaptation behavior.
Section 3 describes data collection and Section 4 describes the methodology.
Section 5 reports some descriptive results as background information. Section 6
discusses results of our models. Finally, in Section 7, summary and policy conclu-
sions are submitted.

2 Theoretical Background

In principle farmers’ adaptation to climate change can be modeled using the frame-
work of technology adoption. Generally adoption of technologies depends on a
number of factors such as financial incentives, access to extension services and
markets but also perceptions and behavior. There is, however, a difference between
conventional technology adoption and climate adaptation. While adoption of new
technologies mostly aims at increasing profits, adjustments to climate change are
often undertaken to reduce risks and to minimize future losses, both of which are
directly affected by perceptions of current and future change. It is therefore neces-
sary to incorporate farmers’ perception of climate change in an adoption model
(Maddison 2007).

Weber (2010) found that people’s perception of climate change both in terms of
its existence and extent are shaped by learning from personal experience and by
making use of statistical information. The formation of perceptions depends on the
trust that people attribute to climate scientists and their social amplifiers. Perceptions,
however, are only meaningful when they can be linked to actual adaptation mea-
sures (Reilly and Schimmelpfennig 1999).

Theoretical insights about the relationship between risk perception and the adop-
tion of risk management actions can be gained from the psychology and economics
literature. The psychology literature (e.g. Fuster 2002) refers to the perception-
action cycle, where people prepare themselves for perceived future outcomes,
including the perceived seriousness of potential outcomes. From the economics lit-
erature, we can learn that it is necessary to distinguish between gain and loss domain
(Kahneman et al. 1990). Tversky and Kahneman (1992) have shown people tend to
weigh potential losses higher than potential gains.

Traditionally, adoption decisions have been analyzed in a utility maximization
framework with profit as the primary motive (Greene 2003; Norris and Batie 1987).
Accordingly, a technology is adopted when the perceived utility or net profit from
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adoption is significantly larger than not adopting it. The adoption decision is subject
to a set of exogenous variables such as household characteristics, socioeconomic
and physical factors (Feder et al. 1985). More recent models of climate change
adaptations have been developed for African countries (Maddison 2007; Deressa
et al. 2008; Gbetibouo 2009). These models incorporated climate change percep-
tions as explanatory variable. We follow this approach to model the factors that
influence climate change perceptions and related adaptation measures as well as to
explain specific climate change adaptation measures.

3 Study Regions and Data

We focus on the 2900 households from the DFG FOR 756 that are engaged in agri-
cultural production because we are interested in the connection between climate
change perception and consequences for agriculture. In Thailand, the provinces are
Buri Ram, Nakhon Phanom and Ubon Ratchathani located in the Northeastern
region of the country. In Vietnam, the provinces are Ha Tinh and Thua Thien Hue
located in the North Central Coast region and Dak Lak situated in the Central
Highlands. All six provinces are dominantly agricultural areas albeit with a large
degree of heterogeneity in development potential. The provinces are bordering
neighboring Laos and/or Cambodia. The choice of the provinces was motivated by
the assumption that people in rural and geographically remote regions are more
vulnerable than people in urban and central regions. Furthermore, these provinces
belong to the poorer environments with less developed infrastructure in agriculture
and a high potential for climate-related shocks and thus are more likely to be
affected by climate change (Waibel et al. 2013).

The survey instruments comprise of a village head and a household question-
naires. The village head questionnaire contains information on the physical and
social infrastructure of the village. The household questionnaire has a detailed
shock section that included questions about past climate-related shock experience
and details about shock severity in terms of income and asset loss (using a 4 point
ordinal scale).! A special module on climate change was included where respon-
dents were asked whether or not they had perceived a change in climate in the time
that they had lived in their location. Respondents were also asked how they thought
that changes in climate is affecting their agriculture (e.g. lower yield, more crop
failure) and what measures they had taken to adapt to climate change (e.g. change
crop varieties, invest more in irrigation, planting trees, etc.). Part of the household
questionnaire was a simple risk item that measures respondents’ general attitude
towards risk on an 11 point Likert scale following Dohmen et al. (2011) and
Hardeweg et al. (2013).

'0 = no impact, 1 = low impact, 2 = medium impact, 3 = high impact.
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4 Empirical Strategy

We address question 1 through a descriptive analysis of the household survey data,
and question 2 by employing an econometric model (model 1) that allows us to
establish a link between climate change perceptions and adaptation decisions.
Question 3 is addressed through a second model (model 2).

The first model is a two-stage procedure. In the first stage, perception of climate
change is specified as the outcome variable. In the second stage, adaptation is the
outcome variable for respondents who reported awareness of climate change.
Accordingly, households in the second stage are non-randomly selected from the
entire sample.

To deal with potential selection bias, a Heckman’s selection probit model was
specified. We consider a random sample of i observations. Equations for individual
i are:

Y1/ :leﬁ1+U1i (la)
Y, =X,B, +U, (1b)
where X; is a 1 x K vector of regressors, 3;is a K; X 1 vector of parameters, and
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Suppose that Y; is observed only if Y5, > 0. In the case of independence between
U,;and Uy or E (Uﬁ U, ) =0 so that the data available on Y}, are missing randomly,
the regression function for the selected subsample is the same as the population
regression function. In the general case where E (Uﬂ U ) o, » least squares esti-
mators yield biased results. Thus, the Heckman selection model as a solution in
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density and distribution function for a standard normal variable (Heckman 1979).
In our analysis, Yj; is a binary variable specifying whether or not household i
adapts their agricultural activities to climate change. Y, is a binary variable taking
on the value unity if respondent of household i perceived climate change and zero
otherwise. X|; is a vector of explanatory variables for the outcome Equation (1a).

where A, = with ¢ and @ are, respectively, the
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X,; 18 a vector of explanatory variables for the selection Equation (1b). It is not abso-
lutely necessary to have the exclusion restriction in the Heckman selection model
(Wooldridge 2009) and in some cases the vectors of explanatory variables for selec-
tion equation and outcome equation are even identical (Puhani 2000). Thus, the
justification for inclusion of variables for X;; and X,; is merely based on the expected
effect of these variables on the dependent variables Y;; and Y,; respectively.

Xy, includes household head characteristics (age, education, gender, membership
of socio-political organization), household characteristic (agricultural member
ratio, farm size, income, risk attitude and ethnicity in the model for Vietnam), and
distance to district town and province dummies.

Based on the study of Gbetibouo (2009), there is no agreement in the adoption
literature on the effect of age of household head. Age can be found to have negative
influence on the adoption decision of new technologies because older farmers are
more risk-averse than younger farmers and thus have a lesser likelihood of adopting.
It is also possible however that older farmers have more farming experiences
enabling them to better judge the merits of new technology.

Education is believed to increase the probability of accessing information (Norris
and Batie 1987). Evidence from previous studies shows a positive influence of
household head’s education on the decision to adapt to climate change (Deressa
et al. 2008; Maddison 2007). Therefore, we expect that education level of household
head is positively related with adaptations to climate change.

We expect that male household heads are more likely to gain information on new
technologies and are more likely to be risk takers (Asfaw and Admassie 2004).
Therefore, the likelihood of male-headed households to adapt to climate change is
believed to be higher than that of female-headed households.

Membership in a social-political organization is hypothesized to have a positive
effect on the adaptation decision. It is considered as one kind of social capital of the
farmers and as a member of such organization, household heads may have more
opportunities to learn new agricultural practices than other members.

Household characteristics used in explaining the adaptation decision include
agricultural member ratio, farm size, income and risk attitude. Agricultural member
ratio is defined as the ratio between number of household members aged from 15 to
64 engaged in its own agricultural production and the total number of household
members in that age range. This ratio is expected to positively influence the decision
to adapt to climate change. This enables household to accomplish various agricul-
tural tasks even at peak times. This hypothesis is based on the study of Croppenstedt
et al. (2003) revealing that larger amount of labor increases the household’s proba-
bility of adopting agricultural technology and using it more intensively.

The effect of farm size on the adaptation to climate change is ambiguous.
Gbetibouo (2009) found a positive relationship between farm size and the adapta-
tion to climate change. The author also argued that adoption of an innovation tends
to take place earlier on larger farms than on smaller farms. On the contrary, farm
size showed a negative effect on the adaptation decision in the study Deressa et al.
(2008) which is perhaps due to plot level heterogeneity.

We hypothesize that households with higher income will be more likely to under-
take adaptation measures. Similarly, if household has larger capital endowment, it
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has a better possibility to invest (e.g. Franzel 1999). We further hypothesize that in
households where the respondent (household head) expresses a lower degree of risk
aversion she is more likely to undertake adaption measures.

In the model for Vietnam, we included ethnicity as a binary variable taking on the
value 1 if household is the majority Kinh and 0 if household belongs to any of the
many ethnic minorities. We expect that ethnic minorities are less likely to invest in
climate change related adaptation measures due to their living in the remote areas
and villages less endowed with infrastructure (Hung et al. 2010).

To capture the effect of remoteness for all households we added the variable
“Distance to district town” from the village head questionnaire. Here we expect a
negative relationship with climate change adaptation. Finally, we added province
dummy variables to capture other differences among the study regions.

In the selection Equation (1b), we use the respondent characteristics including
age, education, gender and membership of socio-political organization as the inde-
pendent variables. This is because the adaptation decision is made by the household
head but the perception of climate change is given by the respondent of that house-
hold who in most cases is the household head. Age, a proxy of farming experience,
is supposed to have a positive effect on the farmers’ awareness. We expect that more
experienced farmers are more likely to observe changes in climate over time.
Likewise, better educated farmers are believed to have more access to information
on climate change (Deressa et al. 2008). Household size is assumed to have a posi-
tive effect as the chance to obtain information increases with the number of house-
hold members and the same mechanism we assume for income (Deressa et al.
2008).

One important household characteristic included as an explanatory variable in
the selection equation is the climate-related shock experience. This variable is com-
puted by summing up the severity scores multiplied by the frequencies of all cli-
matic events, namely drought, floods, storm and soil erosion experienced by a
household in the reference period. We expect that more experience with negative
climate-related shocks in the past increases the probability that a respondent is
aware of climate change.

The inclusion of the ethnicity variable in the model for Vietnam is based on the
same arguments as in Equation la. We expect that the Kinh majority is more likely
to be aware of climate change. Likewise, we have added province dummy variables.
In order to control for country heterogeneity we estimate models for Thailand and
Vietnam separately.

In order to further explore the type of adaptation measures undertaken by farm-
ers, we formulated a multinomial logit model (MNL) to assess the drives for four
categories of adaptation measures, while not undertaking any adaptation was treated
as the base category as follows:

exp(xﬂj)
X exp(xh,)

Pr(Y, =)= @
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where the dependent variable Y denotes adaptation categories taking on value j =
{0,1,2,...J} and x is a vector of regressors (Greene 2003).
In our study, the adaptation categories include the following:

e (0 = No adaptation

* 1 = Crop diversification

e 2 =Chemical input management
e 3 = Water management

e 4 = Planting trees

The explanatory variables x include different household head characteristics (i.e.
age, education, gender, membership of socio-political organization), household
characteristic (agricultural member ratio, farm size, income, risk attitude and eth-
nicity (only in model for Vietnam)), distance to district town and province dummies.
The justification of these variables and their expected direction of influence are
assumed to be identical with those in Equation 1a.

In addition, however, we include the respondent’s perceptions of changes in
climate-related parameters like rainfall, temperature and wind as these perceptions
may influence the choice of adaptation measures in different ways. The multinomial
logit model makes the assumption of independence of irrelevant alternatives (I1A)
(Long and Freese 2006). We use the Hausman test to verify this assumption.

5 Descriptive Results

In the shock section of the survey, households were asked for the four most frequent
types of climate-related shocks (i.e. droughts, floods, storms and soil erosion) experi-
enced during the past 3 years (2010-2013). Table 1a reports these results for Thailand
and Table 1b for Vietnam. As shown in Table la, drought was the major climate-
related shock event reported with a considerable variation across the three provinces
in Thailand. The province of Buri Ram was most affected. Flood was reported by over
10% of households in two provinces while storms and soil erosion was reported by
only few households. Average frequency of climate events was little over one event

Table 1a Climate-related shocks experienced by farmers by province in Thailand

Type of | % of households reported Average frequency Average severity

climate- Ubon Ubon Ubon

related Buri Ratcha- | Nakhon |Buri | Ratcha- |Nakhon |Buri |Ratcha- | Nakhon
shocks Ram thani Phanom |Ram | thani Phanom |Ram |thani Phanom

Drought |58.57 |21.27 16.84 1.00 |1.00 1.08 249 | 243 2.39
Flood 6.96 | 11.21 13.68 1.02 |1.00 1.05 2.37 | 251 2.63

Storm 4.41 1.21 3.16 1.00 |1.00 1.00 2.54 | 2.00 1.78
Soil 0.34 0.91 0.00 1.00 | 1.00 - 2.00 | 2.50 -
erosion

Source: DFG Household survey 2013
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Table 1b Climate-related shocks experienced by farmers by province in Vietnam

Type of % of households reported | Average frequency Average severity
climate- Thua Thua Thua

related Ha Thien Dak Ha Thien |Dak | Ha Thien | Dak
shocks Tinh Hue Lak Tinh | Hue Lak |Tinh |Hue Lak
Drought 13.23 | 14.37 4748 |1.00 |1.00 1.04 |2.37 |2.58 2.65
Flood 36.38 | 13.97 347 [1.03 |1.03 1.00 |2.55 |2.60 2.59
Storm 8.56 8.58 0.79 | 1.00 |1.00 1.00 243 |2.51 1.80
Soil erosion 0.58 3.19 047 1.67 |1.00 1.00 |3.00 |2.38 2.67

Source: DFG Household survey 2013

and quite consistent across the provinces. The same can be said for perceived severity
which is mostly around 2.5 on average on scale from O to 3. This severity score implies
that climatic extreme events affected farm households quite critically according to
their subjective assessment. Overall, among the three provinces in Thailand, Buri
Ram province located in the eastern part of the country and on the border with
Cambodia had the highest degree of climate-related shocks reported.

From Table 1b it can be derived that results vary considerable across the three
provinces in Vietnam. In the land locked province of Dak Lak where coffee is a
major crop drought was reported by almost half of the households and storm was
reported by just few households. On the other hand in Ha Tinh, the province located
in the central coastal region with exposure to the sea, more households reported
floods. Drought, flood and storm were reported with quite similar rates of house-
holds in Thua Thien Hue. This is also the province where soil erosion was most
experienced. Frequency of events was similar to Thailand with the exception of soil
erosion in Ha Tinh, which can be explained by the mountainous terrain where some
of the sample households are located. This observation is also reflected in the per-
ceived severity which is higher than for the other categories. Overall, severity is
somewhat higher in the Vietnamese provinces compared to the provinces in
Thailand. This seems reasonable as Vietnam is generally more severely affected by
the climate change.

In the climate change module, we asked respondents whether or not they per-
ceived changes in climate in general and changes in rainfall, temperature and wind
in particular during the time they resided in the area. In Table 2, the different vari-
ants of climate change for the three climate categories are reported.

Overall, the vast majority of respondents in all six provinces in the two countries
have recognized changes in climate and changes in rainfall and temperature were
more frequently reported than changes in wind. Results do not differ much between
the two countries although variation between provinces remains high.

Changes in rainfall patterns were described differently between provinces and
countries. For example, in two provinces of Thailand respondents observed the
length of the dry season to have increased while in Vietnam lower total rainfall was
more noted. However, in Vietnam households perceived rainfall variability to
increase. Differences among provinces in both countries may show the difference of
their geographic conditions.
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Table 2 Climate change perceptions of farmers in Thailand and Vietnam by province, percentage
of households reported

Thailand Vietnam

Buri Ubon Nakhon Ha Thua Thien
Observations Ram Ratchathani Phanom Tinh Hue Dak Lak
Climate in general | 94.57 90.61 74.74 81.52 |82.04 90.69
Rainfall 94.51 88.79 68.98 78.30 | 80.40 89.19
Less rain in the 40.08 24.26 11.63 2595 |42.44 46.09
whole year
Less rain early in 23.26 16.70 14.68 2.12 15.12 13.80
the season
Dry season becomes | 49.15 38.33 16.90 1942 | 24.69 28.02
longer
Rain becomes more | 16.43 33.18 9.97 30.35 19.91 37.13
erratic
Fewer rainy days 15.11 12.70 4.99 12.75 2145 29.87
Temperature 94.41 90.27 72.85 7693 |77.16 86.77
Getting hotter in 86.86 87.64 55.68 55.08 | 61.57 63.02
summer
Cool season is 35.35 41.53 15.24 20.49 | 28.24 9.96
shorter
More extreme 18.00 37.64 20.20 57.21 45.22 5491
temperature
More heat days 59.53 62.36 17.45 23.07 5247 56.19
Wind 80.81 67.39 54.85 34.14 |27.93 37.84
Wind speed higher 71.62 60.18 46.54 21.4 19.60 32.43
More frequent 31.14 34.67 16.62 8.65 8.80 1.71
storms
Wind direction 24.54 31.01 12.19 13.51 13.73 11.52
changes

Source: DFG Household survey 2013

Temperature results generally follow those of rainfall. However, there is more
agreement on the description of the type of temperature changes with most respon-
dents observing higher summer temperatures. Both in Thailand and Vietnam over
half the respondents in two provinces said that extreme temperatures have increased.

Changes in wind were less frequently mentioned especially in Vietnam while in
the province of Buri Ram 80% of the respondents specified a higher wind speed as
major change and 30% reported more frequent storms which was confirmed by
respondents from the province of Ubon Ratchathani.

Comparing farmer observations with existing literatures supports the notion that
their subjective perceptions match scientific data. This confirms findings from South
Africa that farmers’ perceptions of climate change are in line with the climatic data
records (Gbetibouo 2009). Meteorological data from Thailand confirm that rainfall
in Thailand decreased in the past three to five decades compared to the first half of
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Table 3 Effects of climate change on crop production and farmers’ adaptation measures by
province, percentage of households reported

Thailand Vietnam

Buri Ubon Nakhon Ha Thua

Ram Rathchathani Phanom Tinh Thien Hue | Dak Lak
Effects on crop 81.66 68.48 44.91 71.21 64.47 84.07
production
Lower yields 61.89 47.48 3241 4583 141.82 63.87
More crop failures 25.23 27.69 9.97 28.83 17.75 32.72
More pests 15.77 12.47 1.94 29.29 126.70 21.62
More drought stress | 35.35 23.46 7.20 10.77 15.74 34.99
Adaptation 29.54 32.42 11.23 4553  31.14 44.95
measures
Crop diversification | 19.69 21.82 6.67 13.62 11.38 20.82
Chemical input 12.05 11.52 4.56 2296 | 21.76 11.04
management
Water management 3.40 9.42 0.70 7.39 6.39 22.40
Planting trees 1.87 2.88 0.35 0.39 1.60 0.47
Others 0.00 0.30 0.00 11.09 1.80 2.05

Source: DFG Household Survey 2013

the last century. Also climate models predicted that precipitation will shift from the
north to the south (Boonyawat and Chiwanno 2007). Based on climate data gener-
ated by a global circulation model temperature in Thailand projected to increase
2° C—4 °C by the end of the century (ADB 2009). Jesdapipat (2008) stated that
storms in Thailand have become more intense which is consistent with the subjec-
tive perceptions of respondents in our sample.

In Vietnam it has been predicted that most regions will experience an increase in
temperature of 2° C—4 °C by the end of the century (Cuong 2008). The same author
also found that in most areas of Vietnam, overall rainfall intensity has increased
considerably while monthly rainfall has decreased between the months of July and
August, but has increased between September and November. It is also expected
that the Southern part of Vietnam will become drier.

In Table 3, we illustrate the perceived impact of climate change by farmers on the
performance of agriculture, in particular in crop production and their adaptation
measures. It is striking that in all six provinces of the two countries a considerable
share of households reports a decline in yields. The highest shares with over 60% of
households reporting are in Buri Ram and Dak Lak, both provinces with a strong
agricultural potential. In these two provinces the occurrence of drought stress was
most frequent which is quite consistent with their observations on the change in
climate generally and in rainfall reported in Table 2.

In spite of the high share of households who report an impact on crop produc-
tion only between one fourth and two fifth undertake adaptation measures. This
kind of discrepancy has also been observed in a study of farmers in Ethiopia
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(Deressa et al. 2008). Adaptation measures include for example growing more
(drought resistant) varieties, widening the crop portfolio, spraying more pesticides
and applying more fertilizer. Although responses considerably vary by country and
by province reflecting differences in agricultural systems, changes in crops and
crops varieties and in the amount of chemical input used are the two dominant
adaptation measures. In the province of Dak Lak, investment in irrigation was
reported by over one fifth of households which is distinctively higher than in all
other provinces. Here results are consistent with the perception of more droughts
which however is not the case for the province of Buri Ram where 35.35% farmers
reported drought stress but only 3.40% take a particular water management method.

In summary, what we can derive from the survey on subjective climate change
perceptions is that there is a strong geographic effect of the perceived impacts of
climate change. The fact that there is a fairly good congruence between the per-
ceived effects of climate change and adaptations suggesting that farmers are well
aware of climate change although the ratio of adaptations to perceptions is in the
order of 1:3 only.

In Table 4, we have made use of the 2007 survey and compared farm manage-
ment parameters related the use chemical inputs, irrigation practices and tools and
tree plantation which can serve as proxy parameters for actual adjustment to climate
change with the 2013 survey data. It shows that changes can be observed with more
cases significant in Vietnam. While no causality to climate change perception can be
established here and other factors can also play a role, results are consistent with
respondents’ climate change perceptions. For example, planting of trees has
increased significantly in both countries.

Summarizing the results of the descriptive analysis suggests that farmers in poor
and vulnerable environments in Thailand and Vietnam did experience climate-
related shocks which on average are perceived as moderately severe. However,
variation across locations exists. Furthermore, farmers are well aware of climate
change and can describe the process by a range of indicators like “cool season get-
ting shorter” or “rain become more erratic”. These criteria differ from those used by
scientists in climate models but they seem to correspond well with such findings.

Table 4 Farm management practices in 2007 and 2013 across all provinces in Thailand and
Vietnam

Thailand Vietnam
Parameter 2007 |2013 |p-value |2007 2013 | p-value
Chemical input (PPP$) 3541 5545 | 0.02 118.36 | 93.83 0.02
Irrigation tools (unit) 1.89 1.73 0.63 0.90 229 1 0.00
Newly-bought irrigation tools (unit) | 0 0.030 | 0.00 0 0.004 |0.08
Share of irrigated plots (%) 13.98 | 7.71 0.00 50.64 71.31 | 0.00
Share of tree areas (%) 491 8.09 0.00 23.84 34.19 10.00
Share of trees out of crop types (%) 5.95 10.37 0.00 20.58 30.21 |0.00

Source: DFG Household Survey 2007-2013
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Also, farmers recognize that climate change has caused negative impacts on their
agricultural production. Nevertheless, adaptation actions in response to the perceived
downside effects are still few. This underlines the hypotheses established in Section
2 of the paper that perceptions are an important driver for adaptation decisions that
aim at reducing risks and losses. In the next section the perception-adoption link
will be explored further by means of econometric analysis.

6 Results of Econometric Analysis

With our first model we test the hypothesis that farmers’ perception of climate
change can be linked to the likelihood of farmer’s respective adaption measures.
Our two-step Heckman probit model shows a significant lambda for both Thailand
and Vietnam dataset indicating the existence of sampling bias (Tables 5a and 5b).
The perception model for Vietnam mostly shows the expected signs of the explana-
tory variables. Education and gender show positive and significant signs (Table 5a).
In other words, better educated and male respondents are more likely to recognize
climate change. Climate-related shock experience significantly increases the likeli-
hood of respondents recognizing climate change suggesting that short term experi-
ence can shape perceptions for long term trends. Differences in province partly
reflect the findings of the descriptive statistics. Relative to the base province of Ha
Tinh, respondents in Dak Lak are significantly more likely to perceive climate
change. This result is consistent with those presented in Tables 1b and 2 with
increasing temperatures and an increase in droughts.

The outcome equation with the implementation of adaptation measures as the
dependent variable also shows better statistical quality for Vietnam. Age of house-
hold head is negatively related to the likelihood of adaptation measures. It is plau-
sible that older farmers are less likely to change their farming system in response to
perceived climate change. Gender was significant suggesting that male household
heads are more likely to implement adaptation measures which is consistent with
the findings of Asfaw and Admassie (2004). As expected, membership in a socio-
political organization has a positive influence on adaption measures. Likewise, the
share of household members engaged in agriculture and ethnicity of household are
positively correlated with likelihood of adaptation.

As shown in Table 5b, the perception model for Thailand overall performed
poorly in terms of statistical tests. However, the climate-related shock variable was
significant and the significant coefficients of the province dummy variables for Buri
Ram (positive) and Nakhon Phanom (negative) were consistent with observations
presented in Tables 1a and 2.

Similar to the selection equation, the adaptation model for Thailand showed poor
explanatory power and the only significant variable (aside from a province dummy)
was the respondent’s individual attitude towards risk. The coefficient of risk attitude
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Table 5a Perceptions of and adaptations to climate change by farm households in Vietnam, two-

stage Heckman selection model

Adaptation
equation Selection equation
Explanatory variables Coefficients | Coefficients
Household head characteristics
Age (Years) —0.004%%*
(=2.71)
Education (Years of schooling) —0.001
(=0.26)
Gender (1 = Male, 0 = Female) 0.058
(1.47)
Member of socio-political organization 0.090%*
(1 =Yes, 0 =No) (2.56)
Respondent characteristics®
Age (Years) 0.005
(1.45)
Education (Years of schooling) 0.027%*
(2.31)
Gender (1 = Male, 0 = Female) 0.211%%*
(2.56)
Member of socio-political organization (1 = Yes, 0 = No) 0.035
(0.34)
Household characteristics
Agricultural member ratio 0.227%%*
(4.32)
Log of farm size (ha) 0.029%*
(2.10)
Household size 0.022
(0.83)
Log of income (PPP$) 0.029%* 0.036
1.72) (0.84)
Ethnicity (1 = Kinh, 0 = Minorities) 0.095%:* -0.113
(2.25) (=0.97)
Climate-related shock experience (Ordinal score) 0.061%*
(2.44)
Risk attitude (Likert scale) —0.002
(=0.29)
Village characteristics
Log of distance to district town (Km) -0.016 0.089*
(—0.80) (1.81)
Province dummies
Thua Thien Hue —0.127%#%* 0.087
(—2.96) (0.80)
Dak Lak —0.107%* 0.405%**

(continued)
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Table 5a (continued)

Adaptation
equation Selection equation
Explanatory variables Coefficients | Coefficients
(—2.03) (3.45)
Intercept 0.408%* —0.219
(1.80) (—=0.52)
Mills
Lambda —0.487%*
(-1.97)
rho —0.87
Total observations 1529
Wald chi2 77.86
Prob > chi2 0.000

Source: Authors’ own calculation

Note: *p < 0.10, **p < 0.05, ***p < 0.01, z statistics in parentheses

“We tried to use the household head characteristics instead of respondent characteristics in the
perception equation but the results are as not good as results in Tables 5a and 5b

shows that the higher the degree of risk-seeking, the higher the likelihood that a
household adapts to climate change. While farmers in Buri Ram perceive a higher
degree of climate change compared to the reference province of Ubon Ratchathani,
fewer farmers undertake adaptation measures. Against this background the negative
coefficient for the province dummy is surprising. However, this suggests that other
factors such as poorer quality extension services or less attention given by other
public institutions to the climate change phenomenon may cause this result.

To investigate the determinants for choosing different adaptation measures, we
use a multinomial logit model for four groups of adaptations and “no adaptation” is
the base category. The Hausman test for the validity of the independence of the
irrelevant alternatives (IIA) was insignificant for both Thailand and Vietnam. This
suggests that the multinomial logit model is an appropriate specification for model-
ling the choice of adaptation measures to climate change of farmers. The estimated
coefficients along with the standard errors are presented in Table 6a for Vietnam and
in Table 6b for Thailand.

In the model for Vietnam, the signs of the explanatory variables are largely con-
sistent with the results of the outcome equation in the Heckman model (Table 5a).
For all adaptation measures except for “planting trees” household head’ age has a
significant and negative signs which is consistent with expectations as older house-
hold heads are likely to stick to their traditional practices in spite of recognizing
changes in climate conditions. On the other hand, changing water management
practices is positively correlated with membership in a socio-political organization.
This is plausible as water management in rural Vietnam is a collective action and
usually requires good relationships with village authorities namely the people’s
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Table Sb Perceptions of and adaptations to climate change by farm households in Thailand, two-

stage Heckman selection model

Adaptation
equation Selection equation
Explanatory variables Coefficients | Coefficients
Household head characteristics
Age (Years) 0.001
(0.93)
Education (Years of schooling) 0.006
(1.01)
Gender (1 = Male, 0 = Female) 0.034
(0.96)
Member of socio-political organization (1 = Yes, 0 = No) | —0.032
(-0.44)
Respondent characteristics
Age (Years) —0.004
(=0.99)
Education (Years of schooling) 0.004
(0.28)
Gender (1 = Male, 0 = Female) 0.020
(0.20)
Member of socio-political organization (1 = Yes, 0 = No) —-0.039
(=0.17)
Household characteristics
Agricultural member ratio 0.030
(0.53)
Log of farm size (ha) -0.024
(-1.32)
Household size 0.042
(1.39)
Log of income (PPP$) 0.004 0.036
(0.23) (0.77)
Climate-related shock experience (Ordinal score) 0.090%**
(2.69)
Risk attitude (Likert scale) 0.013%*
(2.33)
Village characteristics
Log of distance to district town (Km) 0.037 —0.050
(1.52) (=0.72)
Province dummies
Buri Ram —0.085* 0.245%*
(—1.88) (2.01)
Nakhon Phanom —0.054 —0.643%%%*
(—0.54) (=5.51)
Intercept 0.149 1.057%%*

(continued)
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Table 5b (continued)

Adaptation
equation Selection equation
Explanatory variables Coefficients | Coefficients
(0.72) (2.10)
Mills
Lambda —0.601*
(—1.65)
rho —1.00
Total observations 1361
Wald chi2 17.21
Prob > chi2 0.102

Source: Authors’ own calculation
Note: *p < 0.10, **p < 0.05, ***p < 0.01, z statistics in parentheses

committee. Among household characteristics it is shown in Table 6a that the higher
the share of household members engaged in agriculture, the more likely the house-
holds undertake adaptation measures. The respective coefficient is positive and sig-
nificant for all adaptation measures except for planting trees although the direction
of influence is positive. This result is plausible as households whose major liveli-
hood is in agriculture are more likely to actively meet the challenges of climate
change. Indeed, the coefficients for all categories (i.e. changing crop diversity,
chemical input management, and water management) are positive and highly sig-
nificant for four categories. Income of households shows a significant and positive
influence on adaptation measures “water management” and “planting more trees”
which seems plausible as these measures are related to investments. The coefficients
for the variables reflecting the perception of the respondent in the three indicators of
climate change, i.e. rainfall, temperature and wind all show a positive sign although
not all are significant. Consistent results are found for rainfall which is plausible as
indeed rainfall is the major driving factor for productivity of agriculture and chang-
ing rainfall patterns may warrant adjustments in many agricultural practices.
Temperature is significant for planting more trees and changes in crop diversifica-
tion such as changing crops or crop varieties. The variable for farmer’s perception
in the change of wind conditions is significant for “crop diversification” and “plant-
ing trees” which seems plausible again. Overall, however, it can be argued that
farmer’s climate change perceptions prompt them to change their farming system.
The significance of all climate related coefficients for planting more trees is a strong
indicator that farmers recognize the need for climate change adaptation for a variety
of reasons.

The ethnicity variable is only significant for water management which underlines
again the importance of collective action which often relies on public support. This
indicates that households belonging to the Kinh ethnic majority group may be more
likely to undertake adaptation measures. Finally, the significant coefficient for the
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Table 6a Results of multinomial logit model for the choice of adaptation measures, Vietnam

Crop Chemical input | Water
Explanatory variables | diversification | management management | Planting trees

coef/se coef/se coef/se coef/se
Household head
characteristics
Age (Years) —0.015%* —0.017%%* —0.016% —0.045

(0.009) (0.008) (0.009) (0.031)
Education (Years of 0.014 0.010 -0.010 0.070
schooling)

(0.027) (0.021) (0.024) 0.111)
Gender (1 = Male, 0.471 0.378 0.332 —0.384
0 = Female)

(0.298) (0.233) (0.257) (0.759)
Member of socio- 0.178 0.329 0.568%** 1.627
political organization
(1 =Yes, 0 =No)

(0.222) (0.219) (0.198) (0.990)
Household
characteristics
Agricultural member 1.250%** 0.986%** 0.736%* 1.928
ratio

(0.364) (0.299) (0.324) (1.357)
Log of farm size (ha) 0.061 0.066 0.214%* 0.362

(0.098) (0.073) (0.084) (0.220)
Log of income (PPP$) | 0.219%: 0.038 0.299%%:* 0.678%***

(0.105) (0.087) (0.094) (0.262)
Rainfall perception 1.607* 17.775%%% 1.635%* 13.515%%%
(1 =Yes, 0 =No)

0.977) (0.326) (0.798) (0.803)
Temperature 0.973 0.631 0.953 15.283#**
perception (1 = Yes,
0=No)

(0.756) (0.393) (0.650) (0.581)
Wind perception 0.736%** 0.080 0.105 1.800%**
(1 =Yes, 0=No)

0.192) (0.163) (0.180) (0.697)
Risk attitude (Likert 0.047 —0.001 0.021 —0.166
scale)

(0.043) (0.029) (0.035) (0.105)
Ethinicity (1 = Kinh, 0.102 0.291 0.374* 0.714
0 = others)

(0.255) (0.237) 0.223) (0.956)
Village characteristics
Log of distance to —0.084 0.021 —0.080 0.340
district town (Km)

(continued)
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Crop Chemical input | Water

Explanatory variables | diversification | management management | Planting trees
coef/se coef/se coef/se coef/se
(0.118) (0.094) (0.099) (0.284)

Province dummies

Thua Thien Hue —0.220 -0.137 —0.083 1.687
(0.292) (0.211) (0.293) (1.044)

Dak Lak 0.556%* —1.070%%* 1.203 %% 0.398
(0.262) (0.260) (0.240) (1.102)

Constant —7.200%%% —20.009%%%* —7.371%%% —40.993%#%*
(1.173) (0.901) (1.057) (2.233)

Base category No adaptation

Number of 1529

observations

Log likelihood —1505.473

LR chi2 353.08%

Pseudo R2 0.136

Source: Authors” own calculation
Note: *#* p < 0.01, ** p < 0.05, * p< 0.1

province dummy of Dak Lak indicates the importance of irrigation and crop diver-
sification is this land locked region compared to the coastal provinces of Thua Thien
Hue and Ha Tinh.

In summary, the model for Vietnam shows satisfactory results. It largely con-
firms the finding of our first model (binary model 1a) and provides further informa-
tion on the factors that drive specific adaption measures. The results can provide
information for extension services to guide farmers in adopting more climate smart
technologies.

The model for Thailand shows less explanatory power than the Vietham model.
Although the coefficients generally have the expected signs, much fewer of them
are significant. Interestingly, however, individual attitude towards risk of the respon-
dent pops up in two of the four categories of adaptation measures with a positive and
significant coefficient. This is plausible as risk seeking behaviour may make farmers
more likely to undertake climate change adaptation measures. This however was not
observed in the Vietnam model. On the other hand, the coefficients for the three
climate change indicators are quite consistent with the Vietnam model although
wind speed seems to be a stronger factor in Thailand in explaining agricultural
adjustments to climate change. The negative coefficient for the province dummy
variable for Buri Ram is consistent with the binary model but does not match with
the climate-related shock experience shown in the descriptive statistics. In sum-
mary, while the Thailand model is less satisfactory the main message that climate
change perception is a major driver for specific adaption measures in agriculture can
be confirmed.



156

H. Waibel et al.

Table 6b Results of multinomial logit model for the choice of adaptation measures, Thailand

Crop Chemical input | Water
Explanatory variables | diversification | management management Planting trees

coef/se coef/se coef/se coef/se
Household head
characteristics
Age (Years) 0.002 0.002 0.022%* 0.017

(0.008) (0.009) (0.010) (0.019)
Education (Years of 0.038 —0.005 0.010 0.176%%**
schooling)

(0.032) (0.037) (0.047) (0.054)
Gender (1 = Male, —0.075 0.273 0.670%* 0.447
0 = Female)

(0.200) (0.252) (0.333) (0.467)
Member of socio- —0.845 0.358 0.212 —0.924
political organization
(1 = Yes, 0 =No)

(0.552) (0.403) (0.465) (1.003)
Household
characteristics
Agricultural member 0.182 —0.185 0.451 0.348
ratio

(0.344) (0.372) (0.446) (0.511)
Log of farm size (ha) -0.113 0.050 —0.150 -0.279

(0.099) (0.129) (0.152) (0.281)
Log of income (PPP$) | 0.088 0.036 —0.000 -0.071

(0.088) (0.102) (0.133) (0.198)
Rainfall perception 1.286 16.749%%* 0.944 14.083%%%*
(1 = Yes, 0 =No)

(1.115) 0.591) (1.025) (0.388)
Temperature 1.747 —0.447 15.678%*** 12.952%:%*
perception (1 = Yes,
0 =No)

(1.558) (0.719) (0.709) (0.588)
Wind perception 0.453%* 0.796%** 0.476 2.443%*
(1 =Yes, 0=No)

(0.229) (0.304) (0.328) (1.042)
Risk attitude (Likert 0.085%* 0.046 0.112%%* —0.160*
scale)

(0.033) (0.036) (0.045) (0.094)
Village
characteristics
Log of distance to 0.044 0.434%%* 0.044 0.034
district town (Km)

(0.132) (0.152) (0.181) (0.198)

(continued)



Farmers’ Perceptions of and Adaptations to Climate Change in Southeast Asia... 157

Table 6b (continued)

Crop Chemical input | Water
Explanatory variables | diversification | management management Planting trees
coef/se coef/se coef/se coef/se
Province dummies
Buri Ram —0.037 0.046 —1.259%** —-0.801*
(0.191) (0.217) (0.318) (0.441)
Nakhon Phanom —0.8197%*%* —0.523 —2.441%%% —2.113%*
(0.314) (0.365) (0.715) (1.043)
Constant —6.382%%% —20.852%%%* —21.526%%%* —33.107 %%
(1.298) (1.214) (1.441) (2.448)
Base category No
adaptation
Number of 1361
observations
Log likelihood —1174.558
LR chi2 176.10%%%*
Adjusted R2 0.089

Source: Authors” own calculation
Note: *** p < 0.01, ** p< 0.05, * p< 0.1

7 Summary and Conclusions

Using a comprehensive dataset of farm households in Thailand and Vietnam we
have tried to answer three questions. Firstly, we wanted to explore what climate
related shocks farm households experience in the more recent past and whether they
perceive a change in the longer term climate conditions and what indicators they use
to describe climate change. Secondly, what factors influence their climate change
perceptions and can their perceptions be linked to their adaptation measures.
Thirdly, we wanted to know to what extent the explanatory factors differ for specific
climate change adaptation measures.

The answer to the first question is quite clear. The majority of farm households
in both countries have experienced recent climate-related shocks and the vast major-
ity does perceive that climate has changed. While the latter fact may not be very
surprising our results however point out that farmers have their own way of describ-
ing the climate change related phenomenon. We can also see that quite consistent
with differences in natural and economic conditions, the geographic location has an
influence on how farmers recognize climate change. Furthermore, farmers reported
adjustment measures which they are planning to undertake or have already under-
taken in response to climate change. We have independently checked this claim by
comparing some climate relevant agricultural practices from our 2007 survey with
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the most recent survey in 2013 and we found quite some differences that suggest
that farmers are indeed climate-responsive although we cannot judge to what degree
these changes fit the metaphor of “climate-smart”.

To answer the second question we used a Heckman model that allows joint esti-
mation of a selection and an outcome equation, separately for the two countries.
Based on the results we can confirm that perceptions can be reasonably linked to
farmers’ decision to undertake adaptation measures. In the model for Vietnam we
can show that perceptions are shaped by the respondent’s characteristics, location
variables and recent climate related shocks. Unfortunately, results for the Thailand
model are less convincing. However, the climate-related shock variable is signifi-
cant and consistent with the results in Vietnam. Similar results were found for the
outcome equation where again the Vietnam model was more convincing. The dif-
ference could be attributed to the lower awareness among the Thai farmers as
shown in the lower number of cases in spite of largely equal initial sample size
between the two countries. From an objective point of view, Vietnam is indeed
more exposed to climate change due to its geographic location along the South
China Sea costal line.

Finally, the answer to the third question is that the factors that drive specific cli-
mate change related adaption measures differ among practices, provinces and coun-
tries. They are to be found in the characteristics of the respondent and the household
head whenever there is a difference between the two. Perhaps the most important
factor in explaining specific adaptation measures are the three specific climate vari-
ables namely rainfall, temperatures and wind, which are all significantly correlated
with tree plantation. While for the other adaptation measures such as crop diversifi-
cation, varietal change, etc. factors other than climate change may be more impor-
tant, the clearest connection we find is with trees.

We believe our results can provide important information to policy makers and
agricultural extension services who should improve their understanding of the farm-
ers’ interpretation of climate change and the constraints that have so far prevented
them from undertaking more and better adaption measures. Further studies should
take a more in-depth look at those constraints and provide a detailed assessment of
the costs and benefits of farmer-based adaption measures.
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