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Vietnam faces several adverse climatic 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 climatic 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 analyzed at two levels: the household-level and the agricultural-level.
We estimate multivariate probit models by Geweke-Hajivassilou-Keane (GHK) 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 climatic strss itself. Understanding what climatic 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.

Keywords: adaptation, climate change, maximum likelihood method, multivariate probit, rice, Vietnam, climatic
stress

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, 2014; Mysiak et al., 2016).

Vietnam is especially vulnerable to the effect of climate change because of its geography and
population demographics. A report from the Asian Development Bank (ADB, 2009) concluded that
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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 the 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 et al., 2018). Additionally,
low-lying river deltas add to its vulnerability and make it one
of the most affected countries from adverse climatic stresses,
such as flooding, saltwater intrusion, and drought (Dasgupta
et al.,, 2007, 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).
Seventy percent 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 et al.,, 2009), and climate change decreases agricultural
productivity and food security (Iglesias et al., 2011). For example,
Jiang et al. (2018) estimate that rice production in Vietnam may
see yield reduction of as much as 23% and over 50% over the
next two decades for irrigated and rainfed rice, respectively.
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). Climatic 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 et al. (2018), found that farmers in their study are
losing 20% of their annual income from agriculture as a result
of climate change.

Weather and climate, including rainfall and its timing, the
day-to-day high and low temperatures, the frequency, length,
and severity of droughts, and basic growing conditions are
expected to become more variable for Vietnamese farmers in
the near- and long-term future. 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. 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 and 25% of the country’s population
could be directly affected, and GDP losses are estimated to
be between 10 and 25% with a one-meter and three-meter
increase in sea level, respectively (Dasgupta et al., 2007).
Declining agricultural production is anticipated in Vietnam

because of direct effects (changes in carbon dioxide availability,
precipitation, and temperatures) and indirect effects (reductions
in water availability, the transformation of organic matter in soil,
increased pest and diseases prevalence, and loss of arable land
resulting from the submergence of coastal lands and soil erosion)
(World Bank Group and Asian Development Bank, 2020).

With the presence of all these stresses, the Vietnamese
government has been proactive in developing climate change
policy development. 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 by 2050, or the
creation of the National Committee on Climate Change created
in 2012 (McKinley et al., 2015)'. However, there are opportunities
for improvement by bringing in more local stakeholders.
Dung and Sharma (2017) state 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 et al. (2015) finds that policy still follows a
top-down approach, with almost no consultation with local
communities or organizations. Phuong et al. (2018) find that
when working in this hierarchical governance system, any effort
to support smallholders must be expanded to also engage
in policy capacity to ensure efforts are successful. However,
Christoplos et al. (2017), bring attention to transformations in
climate change adaption in Vietnam that sees local governments
playing more important roles in climate change risk reduction—
arguing that the role of local government is changing and
becoming more responsive facing climate risks. Comprehensive
policies with guiding rules to increase the participation of local
communities and mechanisms to incentivize them to take part
in climate change mitigation and adaptation are essential (Dung
and Sharma, 2017). Vietnam has several mitigation options
available in agriculture, such as coffee intercropping, use of
biochar in maize or rice, and the irrigation technique of alternate
wetting and drying in rice production (Escobar Carbonari et al.,
2019). Still, climate change is already occurring regardless of how
much mitigation is achieved, and moving toward climate change
adaptation is urgent and necessary (Owen, 2020). 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?, falling
into different categories and at varying costs. A recent
study by Christoplos et al. (2017) finds that Vietnamese
farmers’ adaptations are increasingly autonomous and less
capital intensive. Autonomous adaptations® are not conscious

ISee McKinley et al. (2015) and Dung and Sharma (2017) for recent reviews of
climate change policies in Vietnam.

2Climate change adaptation is commonly defined as an adjustment in natural or
human systems in response to actual or expected climate stimuli or their effects,
which moderates harm or exploits beneficial opportunities (IPCC, 2018; UNFCCC,
2020).

3See Malik et al. (2010) for a review of autonomous adaptations.
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adaptations to climatic stimuli, but 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 instead of
governments (Malik 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 (Mendelsohn, 2000, 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 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 decentralized
loans. Their review found that significant overlaps already exist
between climate change adaptation and microfinance lending.
Hammill 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. Using two villages in central
Vietnam, Nguyen et al. (2013) developed a framework to
assess rural smallholders’ vulnerability and argued rice and
other rainfed crops were much more affected by extreme
drought or floods compared to tree-based systems and argue
for increasing resiliency through adding tree crops. Le Dang
et al. (2014), interviewed farmers in the Mekong River Delta,
using psychological variables to determine adaptations. They find
that farmers are more likely to have an adaptive intention if
they perceive higher risks and greater effectiveness of adaption
measures. McElwee et al. (2017) looked at perceptions of flooding
and flood risk reduction measures across income classes of
smallholder farmers in the Red River Delta. They find that poor
houses were not less proactive in taking flood risk mitigation
measures. Trinh et al. (2018) used a multivariate probit model
to investigate determinants of farmer adaptation in Ha Tinh
Province. They found that attending agricultural production
training, gender, and access to credit (and other socioeconomic
variables) were the largest determinants. They also find that some
of the most common responses were changing crop varieties,
monitoring weather forecasts, and adjusting planting times were
some of the most common adaptations in central Vietnam.
Waibel et al. (2018) conduct a cross-country study in Vietnam

and Thailand to determine if perceptions of climate change are
linked to farmers taking adaptive measures. While the answer
was yes for both countries, the results for Vietnam are more
convincing. Likely a result of more frequent climate-related
weather shocks in Vietnam. Lastly, Ylipaa et al. (2019) used focus
group discussion in Thai Binh Province to investigate gender
inequality in climate change adaption.

Additionally, there have been two studies published that
used subsets of the same dataset that we use in our analysis.
Mishra and Pede (2017) investigated intra-household gender
differences in adaptions to climatic stress for farming households
in the Mekong River Delta. They conclude that there are intra-
household disparities in responses but leave it to future studies
to offer a detailed explanation of these differences. Dufty et al.
(2020) use data from the Mekong and Red River Deltas and look
primarily at the impacts of farm size and the total number of
observed climatic stresses on adaptations.

The intentions of previous publications are generally the same
as ours, to provide insights to policymakers in an effort to
strengthen climate change policy in Vietnam. However, methods
and research questions vary widely across studies, with the most
similar study to our own coming from Trinh et al. (2018). While
the previous literature adds to the discussion in a meaningful
way, we believe that gaps in knowledge still exist and that
our novel study fills some of these voids. Namely, we are the
first to compare autonomous adaptations across three distinct
regions in Vietnam, north, south, and central, using the same
survey instrument. Furthermore, while most previous work has
investigated a single stress, or climatic stress more generally,
we are the first to use a robust dataset to investigate multiple
stresses and multiple responses simultaneously. This approach
allows us to identify which stresses elicit specific responses
from individuals, where gaps exist in responses, and how these
responses vary across regions. The purpose of this study is to
investigate how climate change adaptation in rice-producing
households of Vietnam vary, depending on the primary climate
stresses and resulting impacts observed by individuals, where
gaps exist in responses, and how these responses vary across
regions. These results help policymakers in Vietnam design more
targeted and effective government responses by describing what
farmers are already doing in response to climatic stress, which
stress(es) farmers are most responsive to, and how this varies
by location. Modeling multiple responses to numerous climatic
stresses is a complicated procedure, but it more realistically
captures the decision-making process of smallholder farmers
in Vietnam. They experience numerous climatic stimuli and
make a series of autonomous adaptation decisions in response
to those stimuli.

METHODS AND DATA

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 (IPSARD), and the
Vietnam National University of Agriculture (VNAU) as part of

Frontiers in Sustainable Food Systems | www.frontiersin.org

October 2021 | Volume 5 | Article 762650


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

McKinley et al.

Climate Change Adaptation in Vietnam

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
IPSARD overseeing the collection occurring in the Mekong River
Delta in early 2015 (succeeding the main rice season), and VNAU
overseeing the collecting in the Red River Delta and central
Vietnam in mid-2016 (succeeding the winter-spring rice season).
These three survey rounds are inclusive of seven provinces of
Vietnam; An Giang (n = 180), Bac Lieu (n = 128), Ha Tinh
(n =224), Nam Dinh (n = 210), Quang Ngai (n = 226), Thai
Binh (n = 218), and Tra Vinh (n = 120). 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.

The surveyed provinces in this study were selected based on
previous knowledge of climate change issues in each location.
The same criteria were used to then select communes, districts,
and villages. Once a final selection of villages was determined,
the village head (or similar) provided a list of farmers with a
household head with at least 10 years of rice-farming experience
to the enumerators. Survey participants were then selected from
the line lists provided for each village using a stratified random
sampling procedure with equal numbers of respondents from
each village. Enumerators conducted face-to-face interviews
at the respondents’ households. Informed verbal consent was
obtained from each participant, and then husbands and wives
of each household were interviewed privately while their spouses
waited in a location in which they could not hear the interview.
The survey collected socioeconomic data for each household
before moving on to specific questions related to climate stress,
impacts of this stress, and individual responses to climatic stress.

Data Description

We are primarily interested in how individual responses vary,
depending on which climatic stress most affects each respondent
and which impacts are brought on by the reported stress.
Enumerators asked the respondents to consider changes in
climatic stress and resulting impacts and adaptations from the
previous 10-year period, hence why only farming households
with at least one household member with 10 or more years
of experience were interviewed. We look at two levels of
autonomous adaptations from this period. 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 climatic 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:

s 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 succeeding 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 climatic stress by answering a
series of binary yes-no questions to signify that the stress caused
any of the following impacts—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 climatic 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. This model allows us to jointly estimate
several correlated outcomes simultaneously, and we expect
that responses to changing climatic stimuli are correlated.
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 1 and 2
in Supplementary Material for the household and agricultural
models, respectively. This step is necessary because multivariate
probit models produce 2" choice regimes, where n = 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 2! or 16,384 choice regimes.

Multivariate Probit Estimation

The applications in this study estimate a set of multivariate
probit choice models. Unlike other discrete choice models,
such as multinomial logit and generalized extreme value
distributions, multivariate probit models allow random
preferences across agents, general correlations across
simultaneous choices, and unrestricted substitution patterns
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between those choices (Train, 2009). These are all relevant
and important properties of the choice framework for
this study.

Any multivariate discrete choice model presents several
complications with respect to robust and precise estimation
of the unknown model parameters. This is especially true
for problems with multiple choice dimensions. These kinds
of problems inevitably result in multiple integrals over a
probability space, generally without any closed form expression
or simple mechanism to evaluate or approximate these
integrals. This leads to a need for repeated calculations of
approximations to these integrals at each iteration while
one estimates the unknown structural parameters of the
model. This study employs a fully-developed approach that
is well-understood and well-accepted in the econometrics
of limited dependent variable models that is known to be
computationally efficient (i.e., requires a minimum number
of calculations), is accurate (unbiased and consistent), and
precise (efficient).

The current industry standard for estimating multivariate
limited dependent variable (LDV) models such as the
multivariate probit proceeds in two important steps. The first
reduces the modeling problem through a set of mathematical
transformations to one that is bounded on the multivariate unit
interval, [0,1] x -+ x [0, 1] = [0, 1]N The canonical derivation of
these reductions is presented in Genz (1993). We reproduce and
briefly discuss these mathematical steps for the case of N = 3.
The statistical model is based on the system of latent variables,

yi* = x/'Bj+eji=1...,Ij=1,..., N, &;iidN(OnR),

I pi2 ... pIN

pr2 1 ... poN
R = . . s (1)

PIN .-+ PN-1N 1

and the associated observable indicator variables,

L O,iﬁ‘y?}SO,iﬁSijS—x/ﬂj,i_
Vi =11, iff yi; > 0, iff e > —xi'Bj,

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, R,
and normalized slope coefficients, f;, as necessary and sufficient
conditions for identification.

For N = 3,let R = {0,1,2,3,4,5,6,7} be the set of choice
regimes and associate each re R as follows with the percent
corresponding to each regime in parentheses.

Household model:
0, no adaptation, y;j1 =y =yi3 =0 (53%)
1, financial response, yi1 = 1,y = yi3 =0 (9%)
2, lifestyle adjustment, yi» = 1,yi1 = yi3 =0 (17%)

3, outside assistance, y;3 = 1, yi1 = yiz = 0 (2%)
4, financial response & lifestyle adjustment,
ri=13 yi=ynp=Lys=0

5, financial response & outside assistance,

(11%)  (3)

n=y3=1Ly=0 (2%)
6, lifestyle adjustment & outside assistance,
yi1=0yn=y3=1 (2%)
7, all 3 adaptations, yi = yp =yi3 =1 (4%)
Agricultural model:

0, no change, yj1 =y =yi3 =0 (36%)

1, rice change,yi; = 1,y = yi3 =0 (6%)

2, crop change, yp = 1,y;1 = yi3 =0 (35%)

3, livestock change, yi3 = 1, yin = yio = 0 (1%)
4, rice change & crop change,

ri=1 yin=yn=1Ly3=0 (16%) (4)
5, rice change & livestock change,
yi=y3=1Ly,=0 (0%)
6, crop change & livestock change,
yi1=0,ynp=y3=1 (5%)
7,all 3 adaptations, yii = yp =y =1 (3%)

The estimation problem is to find values of (B;,---,Bn,R)
to maximize the joint likelihood, or probability, of the survey
respondents’ falling in the associated reported regimes. Genz’s
(1993) procedure follows a sequence of recursive changes
in variables to the associated probability integrals compactly
and conveniently for each respondent. First, define the lower
triangular Cholesky factorization of the correlation matrix by
R = LI, where L is a lower triangular matrix with strictly
positive main diagonal elements, i.e., for the case of N = 3,

@1 0 0
01 4 0
131 432 433

L= > 411,122,633 > 0. (5)

Second, define the i.i.d. standard normal random variables,
zjj iid N(03,I3), by the system of linear equations, ¢;; = Lzj;,
so that (8,‘]‘) = LE(ZU) = 03, and (8,']'8,‘1‘,) = LE(ZUZ,']'/)L, =
R,Yi = 1,---,I This implies the recursive structure for the
standard normal random variables:

/ (w08 + 2 i)
s = 3 txz < — By iff 2 < — t k=17
f jkZik = —Xi Pjp U Zij = 7
k=1 g
i=1,---,,j=1,---,N. (6)

This gives the probability that the i survey respondent chooses
regime r; € R in terms of a recursive set of standard normal
integrals, with the limits of integration functions of the lower
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indexed levels of the standard normal random variates. For
example, for r; = 0 we have

_x'B _ &i'Br+tz)

Pr(r; = 0) =/ f (/ b

_ (x/' B3 +[31z1 +{3222)

g

<0(23)d23)<0(22)d22)<0(21)dZ1,

(7)
where ¢(z) = \/%e_zz is the standard normal probability

density function (pdf). The other seven regimes have
analogous probability statements with the upper (lower)
limits of integration defined by — (x," B + Z]k;ll fjkzk> [t if
yij = 0,(1), for each j = 1,2,3. If y;; = 0, then the lower limit
of integration is —oo, while if y;; = 1, then the upper limit of
integration is + oo.

These unbounded limits of integration in all cases lead
to difficulties in approximating these multivariate probability
statements, whether this is done through quadrature or some
other means of estimation. Consequently, Genz (1993) and
others (Geweke, 1989, 1991; Hajivassiliou, 1993; Keane, 1993,
1994; Hajivassiliou and Ruud, 1994; McFadden and Ruud, 1994;
Hajivassiliou et al., 1996; Hajivassiliou and McFadden, 1998)
recursively transform the standard normal random variables to
the uniform distribution by,

Zij
ujj = ®(zj) = / 9(2)dz, duj = ¢ (z;) dzij,

—00

zj = O Nuy), i=1,-

z 1 —x2 . . e .
where ®(z) = ffoo Wirid *dx is the cumulative distribution
function (cdf) of the standard normal random variable.

If yj = 0, then set the lower limit of integration for w;
to U; = 0 and the upper limit of integration for u; to
_ Bt (e ()

Ui = @ —< ’ k%_]k k> . On the other hand, if

yii = 1, then set the lower limit of integration to U; =
i Bt G~ (i)

P <—< ek {],j ,Jk ‘ )> and the upper limit of integration

to be Uj = 1. Accurate and fast algorithms are available to

evaluate the standard normal cdf (Hastings, 1995) and its inverse
(Acklam, 2010).

In each individual survey response and at every level
of integration, dependence of the sequential limits of
integration on x4, [8; B, B3], L, and uniform random variables
[uip -+ u; ,]-,1]’ is taken into account explicitly to evaluate and
update the likelihood function. However, there remains the
additional complication of repeatedly, accurately, and quickly
evaluating the multidimensional probability integrals in the
multivariate probit model. This is the focus of the second
major step in the estimation process, developed and analyzed
independently by Geweke (1989, 1991), Hajivassiliou (1993),

and Keane (1993, 1994). This step uses unbiased simulations of
the unknown probabilities and their derivatives with respect to
the estimated parameters in each regime. By construction, these
probability simulations are unbiased in each replication. Letting
the number of simulations be denoted by S and the probability
of a given regime r€ R be denoted by P,, the simple arithmetic
average of S independent simulations also is unbiased and has
variance P,(1 — P,)/S, a small number for reasonably large values
of S, since0 < P,(1—P,) < %, i.e., 100 simulations for each
multivariate probability integral has a variance that is bounded
from above by 1/400.

This particular simulation method is commonly known as
the GHK “importance sampling” algorithm, to denote the
developers Geweke, Hajivassiliou, and Keane. This and many
other simulation methods have received a great deal of detailed
theoretical and empirical analysis, with noteworthy studies by
McFadden (1989); Hajivassiliou and Ruud (1994); McFadden
and Ruud (1994); Hajivassiliou et al. (1996); Hajivassiliou and
McFadden (1998); Train (2009). The overarching conclusion of
these studies is that the GHK algorithm is the most accurate
and computationally efficient method to estimate a wide range
of LDV models. From the unbiased and precise simulated
probability estimates, the invariance principle for maximum
likelihood estimators is invoked to generate consistent and
asymptotically normal estimators of the structural parameters,
B,X, and their asymptotic (i.e., large sample) standard errors.

For our study, the individual choice probability, or likelihood
function, is given by

Ui U2 Us
Li(x;, B,L) = Pr(r=r;) = / dusdurdu;.  (9)
UiZ

Ui Us

Each joint integral is over a proper subset of the 3-dimensional
unit cube, [0,1] x [0,1] x [0,1], so that this can be evaluated
quickly and precisely with any number 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

I ! Uil Ui2 Ui3
HLi(xb,B;L) = 1_[ / / dusdurduy | . (10)
i=1 i=1 Uy JUp YU

The method simulates the likelihood function for each given
(x4, B, L) to approximate the integrals on the right-hand-side, and
searches of the parameters (8, L) to find the simulated maximum
likelihood estimators.

A complete list of independent variables with summary
statistics is in Table 1, and descriptions of the variables are in
Appendix 3 in Supplementary Material.
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TABLE 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 017 0.38 0.00 1.00
Tra Vinh Province 0.09 0.29 0.00 1.00
Thai Binh Province 017 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—neighbor 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—neighbor 0.13 0.33 0.00 1.00

RESULTS AND DISCUSSION
Climatic Stresses

The provinces surveyed in this study face varied and unique
climatic stress. Of those mapped in Figure 1, the most notable
result is that very few farmers reported 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. Climatic stresses are observed widely across the entire
country. These results provide empirical evidence in support

of climate change vulnerability mapping done by Yusuf and
Francisco (2009), which forecast high vulnerability to climate
change in all three regions of our study.

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 Vietham 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 climatic
stresses are felt homogenously across Vietnam, but others vary
significantly from one province or region to another.

Household Adaptations

We begin by looking at the autonomous responses to climatic
stress at the household level to determine if specific climatic
stresses and their 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*.

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 coeflicient and highest level of significance among all the
stresses. Storm and salinity stresses are also significant factors for
individuals choosing a financial change, but only at the 10% 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 an individual has
an autonomous response varies by the type of stress that most
affects them.

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 likely from
individuals borrowing money as an adaptation strategy; the
adaptation is worsening the impact. The popularity of financial

4Some responses at the household level of adaptation were ambiguous.
Table 2 includes these ambiguous responses as part of the outside option. An
alternative specification that omits ambiguous responses is in Appendix4 in
Supplementary Materials. Similar results are obtained in both specifications of
the model.
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FIGURE 1 | Prevalence of climatic stresses, by province.
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adaptations shows the importance of providing affordable credit
schemes, such as microfinance, to support the autonomous
responses of individuals. Hammill et al. (2008) argue that access
to microfinance builds resiliency in households. Furthermore,
Mendelsohn (2000, 2012) argues that individuals only make
efficient adaptations where the benefits outweigh the costs.
Supporting these financial adaptations can improve the efficiency
of autonomous responses because it decentralizes decisions to
make them more site- and individual-specific.

Drought and heat stress also significantly affected whether
or not an individual chose a lifestyle adjustment, albeit
only at the 10% level of significance. Drought made an
individual more likely to make a lifestyle adjustment, and
heat made an individual less likely to make a lifestyle
adjustment. Lifestyle adjustments are understandably less
common than financial adaptations because these short-
run adaptations can have long-lasting consequences. For
example, the most detrimental (and thankfully least frequently
reported) lifestyle adjustment, taking a child out of school,

can burden the child with reduced earnings over their entire
lifetime. The other two reported lifestyle adjustments, reducing
consumption and working more, are more limited than
financial responses because of their explicit binding constraints.
There is a ceiling on how many hours a person can work
per day and a floor on how little they can consume and
still survive.

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. 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 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,
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TABLE 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) 0.108 (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—neighbor -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—neighbor —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)
P21 0.399"** (0.059)
P31 0.457*** (0.076)
P32 0.275"* (0.073)
Observations 1,290 1,290 1,290

o+ and * are significant at 1, 5, and 10% respectively.

fewer adaptations occurred in the Red River Delta and reported
adaptations increased farther 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. These results from
Figure 2, in concert with results from Figure 1, provides some
empirical support to Le Dang et al. (2014) that perception of
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FIGURE 2 | Map showing the percent of respondents practicing household adaptations in each surveyed province.
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risk drives adaptive intentions. The provinces reporting the
most stresses also report the most adaptations. 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.

Agricultural Adaptations

A multivariate probit model is also used to analyze autonomous
responses to climatic stress through agricultural adaptations.
This level of adaptation is similar to the study from Trinh
et al. (2018) conducted in Ha Tinh province. The results of
this multivariate probit model are in Table 3°. Agricultural
adaptations are much less responsive to specific climatic stresses
than household responses were in the previous section. Instead,
individuals are more responsive to the impacts resulting from
stress 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. While moving into
livestock was a popular response in some cases, the negative
coeflicient signals that livestock is also susceptible to heat stress
and therefore not a suitable response to this climatic stress.

SSome responses at the agricultural level of adaptation were ambiguous.
Table 3 includes these ambiguous responses are part of the outside option. An
alternative specification that omits ambiguous responses is in Appendix 5 in
Supplementary Materials. Similar results are obtained in both specifications of
the model.

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.

The three responses to climatic stress estimated in our
agricultural model take varying levels of effort from farmers to
adopt. For instance, changing from one rice variety to another
takes the least effort, as the benefits are embedded in the seed
technology, and all other aspects of producing rice remain the
same. However, this convenience comes at a price; purchasing
rice seed can be expensive compared to other responses. Farmers
likely exert more effort with the crop change response because
they may need to learn how to grow an unfamiliar crop or invest
time to learn about cropping calendars in their regions. Farmers
may also face additional costs (e.g., new crops can require new
infrastructure) or loss of revenue if they leave lands fallow.
Switching from rice to livestock production, particularly for
farmers with no previous livestock experience, requires the most
effort (e.g., learning about animal health, nutrition, husbandry,
etc.) and can also be costly. Not only do farmers have to invest
in the livestock, but they may also incur infrastructure costs
to accommodate the livestock. The effort and costs associated
with these responses help explain the frequency in which farmers
report using them (e.g., why switching to livestock is the least
common response).

Like the previous section, the map in Figure 3 provides
a spatial representation of where agricultural adaptations are
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TABLE 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—neighbor —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—neighbor —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)
P21 0.389"** (0.056)
P31 0.073 (0.080)
P32 0.663*** (0.093)
Observations 1,244 1,244 1,244

o+ and * are significant at 1, 5, and 10% respectively.

happening, or not happening, in Vietnam. Unlike what we find
in the household model, the range of individuals that report
taking no action to climatic stress is more homogenous across
provinces. Taking no action ranged from 32% 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 response such as
diversifying crops, adjusting the cropping pattern, or leaving land
fallow, is the most commonly cited climate change adaptation.
Anywhere from 47 to 61% of respondents from each province
reported making one of the abovementioned changes to their
cropping practices.
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FIGURE 3 | Map showing the percent of respondents practicing agricultural adaptations in each surveyed province.
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Responding with a change specific to rice production (i.e.,
changing rice variety) is the second most commonly cited
response behind crop change. However, adopting a new rice
variety is the most common response when compared to the
individual components of the aggregated crop change response
variable. This finding is similar to Trinh et al. (2018), who
found changing rice variety was the most popular adaptive
practice in their study area. While this is a popular option in
our study, 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 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.

CONCLUSIONS

This article set out to better understand if some climatic
stresses or impacts from climatic 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 climatic 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, and where, are already causing autonomous
adaptations among individuals and the different responses
individuals are using. Equally important as climate change action
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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 such as
microfinance lending. Of course, autonomous adaptations alone
are not enough. Instead, 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.
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