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Understanding perceptions of indigenous people toward natural disasters is essential in social and environmen-
tal research to facilitate further studies in investigating the impacts of the events, as well as in examining the
adaptive strategies and having implications for policymakers and relevant institutional bodies. We took this es-
sential feature to study the perceptions of local people toward the two common natural disasters: flash floods
and landslides. We selected the case study in three communes (An Binh, An Thinh, and Dai Son) in Van Yen dis-
trict, Yen Bai province in Vietnam. This is because flash floods and landslides are two frequent natural disasters
that highly adversely affect these areas where major poor ethnic minority communities reside. We conducted
six Focus Group Discussions (FGDs) and household surveys (405 households) in 2016. The results showed that
a decline in productivity, a decrease in income, more hard-working conditions, and an increase in daily expenses
were the most observed impacts of these natural disasters in the communes. The analysis also revealed that al-
most 45% of farmers perceived an increasing trend in the frequency and impacts of flash floods and landslides
over the past 15 years. A Multinomial Logit (MNL) model was used to analyze the determinants of farmers'
awareness of flash floods and landslides, which indicated that farmers' perceptions of flash floods and landslides
are associated with socio-economic characteristics, such as gender, agricultural experience, ethnic groups, cli-
mate information, and household income conditions. We suggested that local governments should paymore at-
tention to strengthen farmers' awareness to help improve perceptions of local people toward common natural
disasters so that they would gain better adaptive capacities and become more sustainable, which are in line
with the Sustainable Development Goals.
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1. Introduction

Natural hazards and extreme weather events triggered by climate
change have been threatening agricultural production and food security
in many regions around the world (IPCC, 2018). They particularly
threaten developing nations, of which a large population heavily relies
on agricultural production as primary income sources (Deschenes and
Greenstone, 2007; Porter et al., 2014). Agriculture-related households
in these regions are becoming increasingly vulnerable due to low adap-
tive capacities and high exposures to natural disasters (Adger, 2003;
Kates, 2000). In addition, being the foremost sustainable source of
food and mainly depending on environmental conditions, agriculture
is widely recognized to be one of the most affected sectors to climatic
hazards in various ways (Das, 2005; Kurukulasuriya and Mendelsohn,
2006). For instance, increasing global warming causes decreased crop
yields, increased livestock deaths, outbreak of insect pests, and diseases
due to heat stress. Changes in precipitation, on the other hand, lead to
increased frequency of droughts and floods, shift in crop growing sea-
son, and increase soil erosion resulting from intense rainfall and floods.
Besides, increased sea-level causes loss of arable lands and salinization
of irrigation water, particularly in the Pacific islands and Southeast
Asian countries (FAO, 2015; Mendelsohn, 2008; World Bank, 2017). In
such contexts, adaptation measures should be considered thoroughly
to increase the resilience and adaptive capacity, to reduce the vulnera-
bility at the farm level, and to secure rural livelihoods (Adger et al.,
2009; Gbetibouo, 2009).

Yet, it is important to pinpoint that before individuals respond to cli-
mate variability, they in advance need to be aware of changes in the en-
vironment that would affect their production activities, livelihoods, and
daily activities (Adger et al., 2009; Hasan and Kumar, 2019). Natural
hazards not only affect social aspects, but also significantly impact envi-
ronmental issues, such as soil erosion, landscape, land-use change, and
related emissions. Hence, perceptions of local people toward natural
hazards are essential to protect and improve the environment and
people's social features. That is, people's perceptionswill direct their ad-
aptation actions on how they change their cropping patterns, crop var-
iegation, cropmanagement, and soil and plant protection. These actions
have impacts on land-use change, landscape, soil quality, carbon re-
lease, andmany other environmental features. People's living behaviors
(changing living habits, moving to other places, or finding non-
agricultural and forest-related jobs) against natural hazards due to
their perceptions also affect the environment nearby because their im-
pacts on natural resources will change. Consequently, perceptions can
be considered to be the root of adaptation strategies, and the decision
to undertake adaptation measures is strongly influenced by cognitive
factors (Adger and Vincent, 2005; Grothmann and Patt, 2005). As a re-
sult, no appropriate adaptation or maladaptation to moderate the esca-
lating adverse impacts of natural hazards might be resulted from
misconceptions about climate trends and variability, as well as induced
risks.

Against this background, various studies have used different
methods to study farmers' cognitive processes subject to changes in en-
vironmental conditions. In particular, the determinants have been ex-
amined across different contexts and regions, for example, in Austria
(Mitter et al., 2019), in Australia (Agho et al., 2010), in Bangladesh
(Hasan and Kumar, 2019; Hasan and Kumar, 2020), in Pakistan (Abid
et al., 2019), in Zimbabwe (Zamasiya et al., 2017), in Thailand and
Vietnam (Cullen and Anderson, 2016; Le Dang et al., 2014; Waibel
et al., 2018), in China (Pan, 2016); in South Africa (Gandure et al.,
2013; Gbetibouo, 2009), in Ethiopia (Deressa, 2009), in Slovenia
(Santoro et al., 2019), and in Germany and Zimbabwe (Grothmann
and Patt, 2005). By conducting a case study in Punjab-Pakistan, Abid
et al. (2019) suggested that local farmers' perception of climate varia-
tions is influenced by not only internal but also environmental factors,
such as education, land holdings, ownership, cooperation, and geo-
graphical location. There is evidence, documented from a case study of
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an ethnic community in Himalaya, suggesting that gender and age are
primary aspects in order to grasp how the local farmers acknowledged
their attitudes subject to changes of climate (Sharma et al., 2020).
Another exploration, carried out in Nigeria to investigate the climate
variability perception among different economic sectors across the
maize-poultry value chain, advocated that poultry and maize farmers
are more likely to perceive changes in climate than feed millers and
maize merchants (Liverpool-Tasie et al., 2020). Additionally, a cross-
European analysis, deducted by Poortinga et al. (2019), has added polit-
ical factors in understanding households' perception of changes in cli-
matic events. These studies, however, only focused on understanding
people's perceptions of climate-related events in general, not focusing
on particular events caused by climate variabilities, such as flash floods
and landslides. These specific natural hazards have been major prob-
lems in mountainous regions, particularly in steeply mountainous and
highly deforested areas (MONRE, 2017). These natural disasters often
happen intensively and quickly destroy agricultural production fields,
houses, roads, public facilities, keeping people in these remote areas
more isolated to receive external help (Marconi et al., 2011). People in
such situations usually experience food shortages, lack of healthcare,
and salvage in many days or weeks. Also, many households obviously
lose their houses and production fields permanently after flash floods
and landslides happened (Pham et al., 2019). Hence, understanding
farmers' perceptions of flash floods and landslides obviously becomes
one important aspect in environmental research with significant impli-
cations for many highly mountainous areas around the world.

The present analysis applies a quantitative approach to investigate
not only how rural farmers in the Northern Mountainous Regions of
Vietnam perceive changes in the frequency and impacts of flash floods
and landslides but also which socio-economic variables at the house-
hold level might potentially explain individual perception process. In
addition, by means of focus group discussions (FGDs) and in-depth in-
terviews, this study identifies themajor impacts of such natural hazards
on the households' livelihoods. In view of the existing literature related
to farmers' perception to climate change, which assumed that farmers'
demographic profile, farmland characteristics, social networks, institu-
tional attributes, and locational dimension might be highly relevant in
understanding individuals' perception, this study further considers ad-
ditional factors concerning the salient features of the research areas
(ethnicity of thehouseholds' head andhousehold conditions). Addition-
ally, the topic of rural farmers' perception to such natural hazards (flash
floods and landslides) has not yet received adequate attention and in-
vestigation globally. The knowledge on this aspect is still limited, as
there is scarce empirical research underlying the drivers influencing
farmers' perception of such flash floods and landslides.

The primary objective of this study is, therefore, to fill the gap in the
existing literature on exploring variables potentially impacting how
rural farmers perceive changes in flash floods and landslides by using
the Multinominal Logit model. In other words, this objective has
twofold.

• First, we select the base case (or theworst case) that some farmers are
not aware of any changes in the frequency and impacts of flash floods
and landslides. Then we examine how different factors (explanatory
variables) affect farmers' perceptions that make them select the
other options (‘increased’, ‘decreased’, or ‘remained unchanged’) rela-
tive to the base case. Thiswould help us explainwhy local people have
some brainstorming about the things happened around them rather
than do not know anything so that relevant stakeholders will be
able to help improve their perceptions by focusing on enriching the
most influenced factors.

• Second, we investigate how factors drive farmers' perception in
particular choice categories (‘increased’, ‘decreased’, ‘remained un-
changed’, or ‘do not know’) so that we can understand the dominant
factors in each option. Consequently, it would help promote their
perceptions by focusing Government's implementation on these



Fig. 1.Map of the study areas.
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dominant factors, which would result in better directions for future
policy strategies to help achieve sustainable development in the
society.

We further attempt to draw out to what extent rural farmers have
been affected by such natural hazards. Our case study is carried out in
oneof themost remotely and highlymountainous regions (VanYen dis-
trict, Yen Bai province in Vietnam), where many indigenous people re-
side (Do et al., 2013). According to the income level statistics, people
living in this area have been regarded as extremely poor residents
under the Program 135 announced by the Vietnamese Government,1

and their livelihoods mainly rely on agricultural production and forest
collection. Local people also have low education levels and poor produc-
tion facilities. Public infrastructures are also not well developed in the
region. Yet, flash floods and landslides frequently happen intensively
in the area, causing major livelihood problems on these indigenous
residents.

The present study is useful in many different aspects, mainly
reflecting how indigenous people perceive particular natural hazards
frequently happening in their living areas so that local and state govern-
ments, as well as non-profit organizations, are able to help to improve
their perceptions on how important to understand correctly and com-
prehensively the impacts of these natural hazards. It is to help not
only people living in the study areas but also to assist residents in
many other similarly geographic and socio-economic regions. The find-
ings are also useful for designing appropriate policy measures to sup-
port farmers in selecting adaptation methods and become more
resilient facing future natural hazards. In addition, to our knowledge,
the research is the first attempt using econometric models to explore
awareness of people regarding flash floods and landslides in Vietnam.
Such investigations have significant contributions to elaborate further
farmers' adaptive behaviors and protection motivation to climate
variability and natural hazards at both national and local levels. Such
findings may not only help policymakers have a holistic view of the im-
pact of these disasters on people's livelihood activities but also assist
them in identifying factors that need the interventions and supports
1 http://csdl.ubdt.gov.vn/noidung/vanbandt/SiteAssets/Lists/UBDTVanBanDen/
EditForm/yenbai.pdf.
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from local authorities in raising people's awareness. Thus, the findings
of our study add to the growing literature on understanding individual
cognition and further becoming helpful for designing effective develop-
ment programs not only in the study areas but also in other regionswith
similar socio-economic and climate conditions.

The paper is structured in four sections. Thematerial andmethods of
the research are presented in Section 2. We further discuss the main
findings and results in Section 3. The conclusions and potential policy
implications are finally provided in Section 4.

2. Material and methods

2.1. Study area and household survey

This studywas conducted in Van Yen district situated in theNorth of
Yen Bai province in Vietnam (Fig. 1). The province is located between
the Northwest–Northeast and Midlands North of the country, which is
characterized by rugged mountains rising from East to West and from
South to North. Two main rivers are flowing through the province:
The Red River and the Chay River (Marconi et al., 2011). In addition,
Yen Bai has about 200 canals, small streams, large lakes, and swamps.
The province's economy depends mainly on agriculture and forestry,
with 79.4% of the labor force working in these sectors. In total, agricul-
tural land makes up nearly 16% of the province's area, while 69% of
the land area is classified as forest land (CARE, 2013).

The areas covered by this study include three communes, namely An
Binh, An Thinh, and Dai Son in Van Yen district. The district's terrain is
very diverse, with low valley locked between steep mountains. These
three communeswere selected since they are particularly characterized
by (1) geographical zones; (2) flash flood and landslide situations;
(3) economic patterns; and (4) ethnic minority groups. Also, the selec-
tion of these sites was carried outwith the supports from officials in dif-
ferent organizations, such as the Department of Irrigation and Flood
Control, the Agricultural Department, and the Statistical Department
in Vietnam, as well as local leaders in these communes.

In the selected areas (Table 1), An Binh commune is located in the
Northeast of the district. This commune is home to 4142 residents be-
longing to ‘Kinh’ (the only one major ethnic group among 54 ethnic
groups in Vietnam) and ‘Dao’ groups. An Binh was established in 1979
when the Government called on people to live and work in the

http://csdl.ubdt.gov.vn/noidung/vanbandt/SiteAssets/Lists/UBDTVanBanDen/EditForm/yenbai.pdf
http://csdl.ubdt.gov.vn/noidung/vanbandt/SiteAssets/Lists/UBDTVanBanDen/EditForm/yenbai.pdf


Table 1
Key characteristics of study areas.
Source: Authors' field survey in 2016.

Category An Binh An Thinh Dai Son

Total area (km2) 36.14 26.37 83.75
Location Middle land Low land Highland
Number of villages 8 18 8
Major Crops Cassava Rice Cinnamon
Total population (persons) 4142 9000 3249
Population density (persons/km2) 115 274 28
Minority ethnic groups Dao Tay, Dao Dao

Table 2
List of selected villages and samples.

Commune Village Samples

An Binh Khe Trang 50
Khe Ly 40
Khe Rong 29
Hoa Nam 12
Cau Cao 22
Total samples in An Binh 153

An Thinh Goc Nu 37
Khe Cat 27
Lang Cau 13
Cua Ngoi 29
Total samples in An Thinh 106

Dai Son Thon 1 45
Thon 2 31
Thon 3 34
Thon 4 36
Total samples in Dai Son 146
Sum of the totals 405
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commune (most of them were from Ha Nam (a delta province near
Hanoi capital), and only a fewwere fromLao Cai – anothermountainous
province nearby). An Thinh is situated in the middle of the district. The
commune has 9000 inhabitants, and most of them belong to ‘Tay, Dao,
and Kinh’ groups. Most of the ‘Kinh’ people in An Thinh are Catholic.
The commune was established in 1980, with 57 households moved
from Thac Ba lake (another region in the province). The total population
in Dai Son is 3249 people, and they belong to four main ethnic groups:
‘Dao’ (73,5%), ‘Tay, H'Mong, and Kinh’. Dai Son lies nearby An Thinh
commune and has 2500 ha cinnamon. There is one cinnamon oil
extracting company in Dai Son commune. All these three communes
are classified as extremely disadvantaged and poor communes and sup-
ported by Program 135 from 2016 to 2020 (Pham et al., 2020).

The study used primary data collected from a household survey di-
vided into two stages. In the first period between September and No-
vember 2015, we conducted in-depth interviews and focus group
discussions in order to figure out the study background and also to de-
termine the specific research areas in Van Yen district. In-depth inter-
views were undertaken with officials of the Agriculture Department,
Departments of Irrigation and Flood Control,Meteorological Center, Sta-
tistical Departments in Yen Bai province, and chairmen in surveyed
communes. The main focus covered in in-depth interviews were
(1) livelihood activities, (2) weather conditions, (3) the situation of
flash floods and landslides in recent 15 years, (4) main causes resulting
in the occurrence of these natural disasters, and (5) which regions and
who are strongly exposed to these natural hazards. In addition, three
FGDs were uptaken with local farmers who are in different ranges of
age and gender. Each FGD required the participant of a commune's offi-
cial (a vice chairman of the commune or staff of the local agriculture de-
partment) since their presence helps people to be more open-mind in
providing/sharing information, aswell as to assist interviewers to verify
the provided information. These FGDs contain information about
agriculture-related production activities of farmers. Such information
includes (i) crop calendar, (ii) challenges of farming activities, (iii) im-
pacts of weather/climate and other factors (e.g., market price and insti-
tutional changes) on households' livelihoods, (iv) timeline and
magnitude/scale of historical natural hazards, (v) types of natural haz-
ards that local people have been experienced, and (vi) what kinds of
measures they have been applying.

Meanwhile, a pre-test of the questionnaire was implemented with
five households in each commune. After the pilot survey had been car-
ried out, the questionnaire was revised for the formal household survey
in the next fieldwork taken place from February to April 2016. In the
second phase of data collection, we interviewed a total of 405 house-
holds in the selected communes. The sample structure is presented in
Table 2. In addition, the respondents in each commune were selected
randomly from the list of households whose livelihoods and production
activities impacted by flash floods and landslides, which were reported
by local officers. The study does not choose respondents based on the
ratio of the total population since the whole region and communes in-
clude both groups of peoplewhohave experienced and not experienced
flash floods and landslides. In other words, the selection of surveyed
samples in this study was based on the real affected magnitude of
households in the research areas. In contrast, people who did not
4

experience flash floods and landslides would not indicate reasonably
or correctly the awareness toward these natural hazards; hence, they
are not entirely suitable to answer the research questions and help
achieve the research objectives. The collected data encompassed a
wide range of variables, including eight sections: (1) household profile
and housing, (2) general information about plots and land use,
(3) crop production of the household, (4) irrigation, (5) livestock and
aquaculture, (6) market, extension, (7) assets/savings/loans/income,
(8) the perception regarding the frequency and impacts of flash floods
and landslides on agricultural production and their livelihoods, as well
as information related to adaptation responses, and social capital (see
Annex).

The data collected from 405 sample households were entered into a
computer following the Excel format and encoded into numeric struc-
tures. The input data were then thoroughly examined several times to
check whether the existence of erroneous values appeared due to data
input mistakes by using the Data Analysis and Statistical Software
(STATA) version 14. Descriptive statistics and regression analysis are
also critical approaches in this research. The descriptive statistics, in-
cluding mean, standard deviation, frequency, and percentage, were
used to present an overview of field study findings in terms of house-
holds' characteristics, effects of flash floods and landslides on house-
holds' livelihoods, and farmers' perception to changes in the frequency
and impacts of these natural hazards. The analysis was quantified by
employing non-parametric tests, including Kruskal Wallis, Pearson's
Chi-squared, and Fisher's Exact tests. Then, the regression analysis
(Multinomial Logit regression) was applied to investigate the determi-
nants of households' perception of flash floods and landslides.

2.2. Empirical model

In general, to analyze the perception of farmers on changes in cli-
matic events, the descriptive method is often used. However, with the
goal is to pinpoint the factors determining the perception of farmers;
different methods were used in the literature. For example, Tran et al.
(2015) identified the awareness of small-scale farmers subject to cli-
mate change and variability in Vietnam by separating them into two
groups: Poor and non-poor farmers; then listed the percentage of
farmers for each change in climatic indicators based on the following
four categories: ‘increased’, ‘decreased’, ‘no change’, and ‘do not know’.
The farmers' perceptions were tested by using the Chi-square index to
see whether observations between poor and non-poor farmers are sta-
tistically significant and are in line with historical climatic data. This
method is relatively simple because it does not explicitly indicate the
factors affecting small-scale farmers' perceptions. By classifying farmers
based on their farming experience, Maddison (2006) used years of
farming experience as a criterion to find out how farmers perceived
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changes in climate, such as temperature, precipitation, and drought. Af-
terward, Maddison applied a probit regression method to examine
whether the farmers' perception is sensitive to other factors mostly re-
lated to their socio-economic characteristics. The probit or logit regres-
sion method was also applied in other studies (Amadou et al., 2015;
Gbetibouo, 2009). This method, on the other hand, is limited once the
perception of respondents is not a binary outcome. In such a situation,
theMultinomial Logit (MNL)model, an extension of logistic regression,
ismore advanced as it is able to explore potential relationships between
the different levels of farmers' perception and a set of household attri-
butes (Debela et al., 2015). Consequently, theMNLmodel is used to an-
alyze the determinants of farmers' perception to flash floods and
landslides in the research areas. This model is among the most fre-
quently used nominal regression models and has been applied in a
number of studies to identify factors affecting farmers' perception of cli-
mate change (Debela et al., 2015; Rosaine, 2014). The MNL model con-
siders the relationship between a nominal dependent variable and a set
of independent variables that either binary or continuous variables.

To describe theMNLmodel, let P denote a randomvariable or amul-
tinomial observation taking the values {1,2,…, i (i= 405)} for I (a pos-
itive integer) and let x denote a set of explanatory variables. In this case,
P denotes the perception options of farmers, m stands for four catego-
ries: ‘increased’, ‘decreased’, ‘no change’, and ‘do not know’, and x in-
cludes different households' attributes. The MNL model can be written
as:

Pr Pi¼mjxið Þ ¼ exp xiβmjbð ÞPi
I¼1 exp xiβijbð Þ

ð1Þ

where b is a base case, which is also referred to as the comparison group.
Suppose thatwehave four outcomes andfix themodelwith the alterna-
tive fourth as the base category, then Eq. (1) can be written as:

Pr Pi¼mjxið Þ ¼ exp xiβmj4ð ÞPi
I¼1 exp xiβij4ð Þ

ð2Þ

In the MNL model, under which the latent variables depend on co-
variate values that change across individuals but not across alternatives,
an assumption of independent and identically distributed alternatives
known as the Independence of Irrelevant Alternatives (IIA) are required
(Young et al., 2009). More specifically, it denotes that the probability of
perceiving a specific change on flash floods and landslides by a given re-
spondent needs to be independent from the probability of perceiving
other changes during these events. From the estimated parameters of
the MNL model, the relative higher or lower probabilities compared to
the base case are computed by using the exponential function. The
following marginal effects are also derived from the MNL estimates to
interpret the effects of independent variables on the probabilities
(Wooldridge, 2010).

∂Pi
∂xk

¼ Pi βik ¼
Xi−1

i¼1

Piβik

 !

The dependent variable (P) in this research includes four categories
of farmers' perception of flash floods and landslides. That is, they per-
ceive that the frequency and impact of flash floods and landslides in
the past 15 years (from 2000 to 2015) (1) ‘did not change’, (2) ‘in-
creased’, (3) ‘decreased’ and (4) ‘do not know’ about it. The explanatory
variables (k = 1, 2, …, 12) include a set of twelve farmers' socio-
economic characteristics as described in Section 2.1. It is supposed
that the perception model is a function of possible independent vari-
ables: (i) the agricultural experience of household head, (ii) male (gen-
der), (iii) ethnic minority group (ethnicity), (iv) levels of education,
(v) contactwith extension services, (vi) farm size, (vii) distance tomar-
ket, (viii) farm income, (ix) non-farm income, (x) poor household group
5

(household status), (xi) climate information, and (xii) agro-ecological
zone. Then, the perception model can be written as:

Pi ¼ α0 þ
X

β jxij þ ui

where:

i stands for surveyed households (i = 1, 2, 3,…, 405);
α0 stands for the constant term or intercept;
βj is the parameters to be estimated;
xij stands for j farmers' socio-economic characteristics; and.
ui is the error terms.

TheMNL uses themethod of SimulatedMaximum Likelihood (SML)
to estimate the contribution of explanatory variables to farmers' percep-
tion in each category: ‘did not change’, ‘increased’, ‘decreased’ and ‘do
not know’. The last category ‘do not know’ was used as the base case.
Furthermore, since the estimated coefficients of the MNL model offer
only the direction of the effect of the explanatory variables on the de-
pendent variable, the marginal effects (MEs) of the MNL were also re-
ported to know how the response variable affected by a unit change in
an independent variable. The model was run by using STATA version
14 (statistical software).

2.3. Choice of explanatory variables and hypotheses to be tested

To explore factors influencing farmers' cognition to changes in fre-
quency and impacts of flash floods and landslides, this study assumes
that the perception process is affected by different exogenous variables
listed in Table 3. These variables are divided into internal factors
(i.e., gender, experience of household head in agriculture, ethnicity, ed-
ucation level, household condition, farm size, farm and non-farm in-
come) and external factors (i.e., contact with extension services,
distance to market, climate information, agro-ecological zone), which
are specified based on the review of the literature (for example, see
Semenza et al., 2008; Deressa et al., 2009; Gbetibouo, 2009; Below
et al., 2011; Roco et al., 2014; Debela et al., 2015, Waibel et al., 2018;
Zamasiya et al., 2017; Hasan and Kumar, 2019), expert interviews, and
own observations during the field study.

(1) Internal factors:
• Gender (male is defined as a subject ‘=1’): With evidence from
Uganda, Ghana, and Bangladesh, it is indicated by Jost et al.
(2015) thatmen appear to bemore dominant in receiving informa-
tion on weather alerts and extension services. In general, rural
women in mountainous regions are often responsible for childcare,
collection of firewood and water – these tasks were described as
light works – considered to be the main reason leading women to
have less access to climate information. Accordingly, it is expected
that women are less likely to perceive changes in the frequency
and impacts of past flash floods and landslides. Often, they may
think the impacts are just similar to the impacts of heavy rains
without thinking of more serious events like flash floods and
landslides.

• Agricultural experience: Experience in agriculture is determined
by the time period (measured in years) that the households'
heads have been working in their agricultural farms. Such expe-
rience becomes important, as they would be familiar with the
environment and changes in the working conditions over time
that may help farmers predict changes in climate events. It is
also evident from the works conducted by Hansen et al. (2004),
Gbetibouo (2009), and Silvestri et al. (2012) that farmers with
more experience are more likely to perceive temperature
changes. Hence, the study hypothesizes that the higher experi-
ence of farmers, the higher perception of the frequency and im-
pacts of flash floods and landslides they experience.



2 There are some services provided by extension officials (called extension services),
such as transferring information and knowledge in organizing and managing agricultural
production (seedling, breeding, preventing pests, updating market price and so on), as
well as training farmers with new varieties.

Table 3
Predictor variables of the perception model.

Variables Type Modalities Expected sign

Internal factors
Experience in agriculture (years) C None +
Male (gender) D 1 = male; 0 = female +
Ethnic minority group (ethnicity) D 1 = Ethnic minority groups; 0 = ‘Kinh’ majority group +
Level of education (degree) C 1: Illiteracy; 2: primary school; 3: secondary school; 4: high school and higher +
Poor household (household condition) D 1 = poor household; 0 = non-poor household +
Farm size (ha) C None +
Farm income (million VND) C None +
Non-farm income (million VND) C None +

External factors
Contact with extension services D 0 = no; 1 = yes +
Distance to market (km) C None −
Information on climate D 0 = no; 1 = yes +

Agro-ecological zone
An Binh D 1 = the farm in An Binh and 0 = otherwise ±
An Thinh D 1 = the farm in An Thinh and 0 = otherwise ±
Dai Son D 1 = the farm in Dai Son and 0 = otherwise ±

Note: D: discontinuous variables; C: continuous variables.
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• Ethnicity (ethnic minority group is selected as a subject ‘=1’): As
pointed out by Pham et al. (2010) and Pham et al. (2019), these
minority groups often live in remote areas and villages less
endowed with infrastructure. Besides, their livelihood activities
are greatly dependent on agriculture, which is often heavily af-
fected by flash floods and landslides. These people may, there-
fore, highly pay attention to the changes of these natural
disasters. Hence, this study hypothesizes that if the head of the
household belongs to any ethnic minority group, it will be likely
to increase the probability of perceiving changes in the fre-
quency and impacts of flash floods and landslides.

• The education level of the household head: Educated farmers
would have more capacity to access and understand dissemi-
nated information (Marx et al., 2007; Weber, 2010). It is often
observed that educated farmers are more likely to notice
changes in climate (Gbetibouo, 2009; Huda, 2013). The research,
hence, assumes that a higher level of education will positively
correlate with perceiving changes in the frequency and impacts
of flash floods and landslides.

• Household condition (poor household is defined as a subject ‘=
1’): This variable identifies household income characteristics:
poor and non-poor households, as classified by the Ministry of
Labor and Social Affairs of Vietnam. Since the research sites in
this study are rural areas, a poor rural household is defined
with a monthly income equal to or below 700,000 VND (around
$30). It is often observed in the study regions that while wealth-
ier farmers often reside in favorable locations, poor households
typically live in remote areas where flash floods and landslides
occur frequently. This may lead to the possibility that the poor
will be more interested in updating the changes of these natural
disasters than the non-poor. Likewise, the present research hy-
pothesizes that there is a positive relationship between poor
household and farmers' cognition about the variations of flash
floods and landslides.

• Farm size: A farmer with a large scale farm usually needs to in-
vest more inputs in agricultural production, leading to higher
opportunity costs. Hence, they would pay more attention to cli-
mate matters, such as rainfall, temperature, flood, drought, etc.
It is subsequently assumed in this study that farm size would
be positively associated with the perception of farmers toward
changes in the frequency and impacts of flash floods and land-
slides that happened in the region.

• Farm and non-farm income: The influence of farm and non-farm
income on the farmers' awareness on this matter is assumed to
be different. Households with more farm activities are hypothe-
sized to be more aware of changes in the frequency and impacts
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of flash floods and landslides since their livelihoods greatly rely
on agriculture. While households with the main income from
non-farm activities might not highly pay their attention to cli-
mate factors. Thus, farmers with higher farm income are ex-
pected to be more likely to perceive changes in the frequency
and impacts of flash floods and landslides; meanwhile, an oppo-
site trend is assumed in the case of non-farm income.

(2) External factors
• Availability of extension services2: With the aim of promoting agri-
cultural productivity, increasing food security, and improving rural
livelihoods, agricultural extension services facilitate farmers' access
to knowledge, information, and technologies. Thus, this research
hypothesizes that contact with extension services increases the
likelihood of perceiving changes in the frequency and impacts of
flash floods and landslides.

• Distance to market: Maddison (2006) identified that the market
serves as a resource of interchanging information with other
farmers. The negative relationship between distance to market
and perception of flash floods and landslides is thus hypothesized.

• Climate information: According to Deressa et al. (2009), Maddison
(2006), and Nhemachena and Hassan (2008), precise information
on climate may help people to uptake the right decision to adapt
to changes in climate. It is therefore assumed that access to informa-
tion on weather and climate will increase the likelihood of observ-
ing changes in the events of flash floods and landslides.

• Agro-ecological zone: The characteristics of agro-ecological zones
would be significantly different from one to the others.We thus hy-
pothesized that the agro-ecological zone would have a mixed effect
on the farmer's awareness of changes in the frequency and impacts
of flash floods and landslides.

3. Results and discussions

3.1. Farmers' characteristics

The socio-economic characteristics of surveyed respondents are
shown in Table 4. Ourhousehold survey results indicated that, on average,
the household heads have 26.77 (±11.93) years of experience in agricul-
ture, which is determined by the period that a household head started



Table 4
The details of the explanatory variables used in the perception model.

Variables Type Mean Std.D Min Max

Internal factors
Experience in agriculture (years) C 26.77 11.93 1 66
Male (gender) D 0.90 0.30 0 1
Ethnic minority group (ethnicity) D 1.75 0.64 1 3
Poor household (household condition) D 116 28.64 0 1
Level of education (degree) C 1.83 1.33 0 8
Farm size (ha) C 2.32 2.52 0.012 25.21
Farm income (million VND) C 55.99 80.55 0
Non-farm income (million VND) C 35.06 42.62 0

External factors
Contact with extension services (0/1) D 0.24 0.43 0 1
Distance to market (km) C 3.74 2.68 0.1 35
Information on climate (0/1) D 0.91 0.29 0 1

Table 5
Effects of flash floods and landslides on farmers in the research areas.
Source: Authors' field survey in 2016.

An
Binh

An
Thinh

Dai
Son

Average P-value

No effect 1.3% 2.86% 9.59% 4.69% 0.002
Reduce productivity 96.1% 97.09% 86.30% 92.80% 0.001
Lost livestock, aquaculture 33.77% 27.88% 21.23% 27.72% 0.053
Cause diseases in people 37.66% 56.73% 27.40% 38.86% 0.000
Cause diseases in livestock, poultry 50.65% 74.04% 23.97% 47.03% 0.000
Lost land 31.82% 18.27% 43.84% 32.67% 0.000
Reduce income 94.81% 99.04% 96.58% 96.53% 0.210
Cause injury, death 2.6% 2.88% 1.37% 2.23% 0.758
Damage housing, assets 35.71% 38.46% 21.23% 31.19% 0.005
Increase daily expenses 42.21% 53.85% 95.21% 64.36% 0.000
More hardly working conditions 82.47% 79.81% 97.95% 87.38% 0.000

P-values are provided according to Pearson's chi-squared and Fisher's exact tests.
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working in agricultural fields. In addition, most of the interviewed house-
holds are headed bymen (about 90% of the total respondents), and 65% of
them belong to ethnicminority groups, for example, ‘Dao’ (Black Dao and
White Dao), ‘Tay’, and ‘Hoa’. Approximately 29% of surveyed households
are documented in the poor household list. Generally, the education
levels of the respondents are low in the research area. Remarkably,
there are approximately 42% of illiterate household heads in the whole
sample. The average landholding size is 62.35 ‘Sao’3 (equivalent to
2.32 ha) per household. Besides, family income includes farm and non-
farm income, of which farm income was the primary earning source of
most surveyed farmers.

The connection between farmers and extension staffs in the research
area has not been really focused, indicating by rare visits of the exten-
sion officials to households in the last 12 months. Only about 24% of
the respondents reported the visits of officials. In addition, the average
distance to the closest commune market was 3.73 km.
3.2. Effects of flash floods and landslides on the livelihood of farmers in the
research areas

The severity of natural hazards often results in complex and substan-
tial impacts on the agricultural sectors, especially onmarginalized rural
population groups (Funk et al., 2020; Singh et al., 2020). Interviewed
farmers were asked In which aspects and to what extend your family's
livelihoods have been affected by flash floods and landslides. With respect
to this issue, a number of interviewees, accounting for 95% of the sur-
veyed farmers, disclosed their rigorous experience in adverse impacts
of flash floods and landslides over the past 15 years (Table 5). In partic-
ular, it is reported by 93% of all respondents that one of the most ob-
served impacts of these climate-induced hazards is admitted as a
critical reason for crop failure and reductions in productivity, which in
the long run could lead to food insecurity. Local farmers, in addition,
have pointed out the uncertainty in their incomes as an inevitable
consequence of such hazards due to reduced output levels, owning by
heavy dependence of their incomes on agriculture. Subsequently,
there are a majority of surveyed households (97%) claimed decreases
in their household incomes in recent years. It is due to the fact that
farm income has a major share of the total family income compared to
non-farm incomes.

In addition, the local community also declared that they are
confronting more obstructive and challenging working conditions
(87%) under intensive pressures of flash floods and landslides. For
example, since landslides often cause fields to be buried by rocks
and soils, and people could not afford to hire machines due to budget
constraints, they had to carry out/clear rocks and stones all by them-
selves. As such, more labor is required for farming activities than
3 A measurement of agricultural land in Vietnam.
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usual. It was recounted by Mr. Truong Van Minh, residing in Khe
Khe group – Khe Trang village, An Binh commune, that cinnamon
and cassava were grown on 3 ha hilly land inherited from his par-
ents. However, a catastrophic landslide in 1998 compelled pro-
nounced damages to his cultivated land. The whole cinnamon trees
were devastated, leading to a loss of approximately 90 million VND
(about US $3900). In addition, around 0.5 ha of cultivated land has
been inoperative afterwards.

The surveyed results also reveal miscellaneous uncertainties trans-
lated by flash floods and landslides, such as increased daily expenses
(informed by 64% of respondents), causing diseases in livestock and
poultry (47%), people (39%), and losing land (33%). On average, there
are approximately 5% of total respondent households stating that they
were not affected by the negative impacts of flash floods and landslides,
in which most of them were living in Dai Son commune. Respondent
households in the research areas commonly noted that flash floods
and landslides have severe effects on the scale of productive land
(stated by 32% of interviewees), that is already restricted due to the
steep terrain and inhabitants' pressures since many fields or forest
areas had been uncultivated due to buried rocks and soil. Flash floods
and landslides are estimated to normally cause damages to infrastruc-
ture and limit access to the market. Also, due to these natural hazards,
mud, stones, and rocks are often accumulated in the fields that generate
even worse and long-term damage than single disasters, such as floods
and drought. In this situation, farmers need to invest more labor forces
to recover their agricultural land. In many cases, land is no longer suit-
able for future cultivation. Another story was shared by a household
headed woman, Mrs. Ly Thi Lin in ‘Five’ group – Khe Rong village, An
Binh commune, that in 2008 her house was swept away due to one of
the most striking flash floods she had been witnessed in 40 years in
the commune. Due to the event, her house was totally destructed, and
all crops in two ‘Sao’ (approximately 0.072 ha) of agricultural land
were wiped, costing equivalent to around 100 million VND (approxi-
mately US$4350). Her family was then moved to the current house ac-
cording to the commune's support policy.

3.3. Farmer's perception of flash floods and landslides

Farmers were asked to give their observations regarding changes in
the frequency and impacts of flash floods and landslides based on their
experiences over the past 15 years in their living areas during the focus
group discussions and household surveys. Then, farmers' perceptions of
flash floods and landslides in terms of the frequent changes consist of
four categories (Table 6). That is, they perceive that the frequency and
impacts of flash floods and landslides over the past 15 years (from
2000 to 2015) (1) ‘did not change’, (2) ‘increased’, (3) ‘decreased’ and
(4) ‘do not know’. Almost all respondents perceive changes in the fre-
quency and impacts of flash floods (97%) and landslides (93%). It is no-
ticeable that the annual occurrence of flash floods and landslides has



Table 6
Farmer's perception of flash floods and landslides.
Source: Authors' field survey in 2016.

An Binh An Thinh Dai Son Average P-value

Flash flood Did not change 22.08% 19.05% 8.22% 16.30% 0.0001
Increased 25.97% 30.48% 85.62% 48.64%
Decreased 46.10% 49.52% 5.48% 32.35%
Do not know 5.84% 0.99% 0.68% 2.72%

Landslide Did not change 23.38% 27.62% 10.96% 20% 0.0001
Increased 27.27% 13.33% 77.40% 41.73%
Decreased 40.26% 48.57% 10.27% 31.60%
Do not know 9.09% 10.48% 1.37% 6.67%

P-value is provided according to Kruskal-Wallis test.
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been estimated to increase in the past 15 years (from 2000 to 2015) by
most of the respondents on average. It is also denoted that local individ-
uals are facing difficulties in predicting/estimatingflashfloods and land-
slides due to unstable and abnormal alterations over the past years. For
example, in the past, flash floods often occurred from May to August,
yet, in recent years, the local community might witness such event in
October or in February, asmentioned byMr. Lich in An Thinh commune.
Although changes of these climate-induced hazards have been aware of
throughout the research areas, the farmers' perception of each of these
events is profoundly different between Dai Son and the other two
communes. While most of the respondents in Dai Son perceived an
increased trendof flash floods and landslides (85.62% and 77.40%, corre-
spondingly), a majority of farmers in An Binh and An Thinh communes
observed the decreased trend of these weather events (ranges from
roughly 40% to 50%). In addition, farmers in Dai Son commune are
seen to bemore likely to be aware of the changes inflashflood and land-
slide events. The likely reason might be that Dai Son's community has
been exposed and hit more frequently by flash floods and landslides;
hence, local peoplemay bemore noticed to such events. Also, livelihood
activities of respondents in Dai Son have significantly relied on agricul-
ture that is strongly influenced by weather factors and conditions, so
they might pay more attention to changes in these natural hazards in
order to minimize the negative impacts of flash floods and landslides.
About 16% and 20% of total respondent households noticed that there
Table 7
Determinants of MNL model for farmers' perception of flash floods (estimated coefficients and
Source: Authors' own estimation.

Variables Perception

Did not change

Coefficient (RRR) P > |z|

Internal factors
Experience in agriculture 0.079 (1.082)⁎ 0.056
Male (gender) 1.701 (5.479)⁎ 0.079
Ethnic minority group (ethnicity) 2.290 (9.875) 0.107
Poor household (household condition) 0.124 (1.132) 0.890
Education level −0.071 (0.931) 0.859
Farm size in ha 0.373 (1.452) 0.351
Farm income 0.018 (1.018) 0.476
Non-farm income −0.014 (0.986) 0.142

External factors
Contact extension services 0.627 (1.872) 0.487
Distance to market −0.159 (0.853)⁎ 0.098
Climate information 0.714 (2.042) 0.416
An Thinh 1.321 (3.747) 0.299
Dai Son 1.622 (5.063) 0.245
Constant −2.491 (0.082) 0.188

Note: The base case: ‘do not know’ whether there were changes in the frequency and impacts
Numbers in parentheses are risk relative ratios, which are in the exponential form of the value
LR chi-square (39) = 202.06 Prob > chi-square = 0.0000.
Log likelihood = −347.794 Pseudo R2 = 0.2251.
⁎ Significant at 10%.
⁎⁎ Significant at 5%.
⁎⁎⁎ Significant at 1%.
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had been no change in the annual frequency and impacts of flash floods
and landslides over the last 15 years. They perceive that they have been
affected the same over the years in terms of both health conditions as
well as physical damages (such as crop failure, damaged houses, and
destroyed cultivation fields), and the frequency of such hazards is sim-
ilar over time. Statistical results, according to the Kruskal-Wallis test,
show that perceiving changes in the frequency and impacts of flash
floods and landslides is significantly different among the three com-
munes (P < 0.01).

3.4. Factors determining the local community's attitudes: results from the
Multinomial Logit regressions

The influences of each households' socio-economic variable on
how farmers' awareness of changes in flash floods and landslides
are presented in Tables 7 and 8, derived from Multinomial Logit re-
gressions. The models were tested for multicollinearity by using
the variance inflation factor (VIF). In addition, the validity of the in-
dependence of the irrelevant alternatives (IIA) assumptions was ex-
amined for both the models by using both the Hausman tests and the
Small – Hsiao tests. Model test results are provided in Appendix A,
which indicate that the Multinomial Logit models are significant
(P < 0.01) and relevant in detecting the farmers' perspectives. The
estimated correlations from Tables 7 and 8 allow us to understand
whether predictor factors have a positive or inverse connection
with people's attitudes. Besides, marginal effects are also applied in
order to further inspect the variation in the probability of a particular
choice in the perception of changes in the frequency and impacts of
flash floods subject to a unit change in the independent variables. Re-
sults of the marginal effects are presented in Tables B1 and B2 in
Appendix B.

Among the 12 independent variables categorizing as internal and
external factors hypothesized in the perceptionmodels, seven variables
were found as significant predictors (at different levels including
P<0.1, P<0.05, and P<0.01) influencing theways local people noticed
changes of flash floods and landslides. These significant explanatory
elements consist of (1) agricultural experience, (2) male (gender),
(3) ethnic minority group (ethnicity), (4) poor household (household
relative risk ratios (RRR)).

Increased Decreased

Coefficient (RRR) P > |z| Coefficient (RRR) P > |z|

0.077 (1.080)⁎ 0.062 0.102 (1.107)⁎⁎ 0.013
1.224 (3.401) 0.190 1.684 (5.387)⁎ 0.075
2.705 (14.954)⁎ 0.056 2.435 (11.416)⁎ 0.085
−0.327 (0.721) 0.715 −0.246 (0.782) 0.784
−0.193 (0.824) 0.623 −0.092 (0.912) 0.818
0.381 (1.464) 0.337 0.495 (1.640) 0.213
0.021 (1.021) 0.402 0.020 (1.020) 0.421
−0.015 (0.985) 0.118 −0.014 (0.986) 0.147

0.766 (2.151) 0.393 0.292 (1.339) 0.746
−0.179 (0.836)⁎ 0.071 −0.142 (0.868) 0.138
1.506 (4.509)⁎ 0.090 2.181 (8.855)⁎⁎ 0.023
1.578 (4.845) 0.213 1.382 (3.983) 0.273
4.173 (64.909)⁎⁎⁎ 0.002 0.367 (1.443) 0.797
−2.540 (0.079) 0.172 −3.976 (0.019)⁎⁎ 0.041

of flash floods.
s outside the parentheses.



Table 8
Determinants of MNL model for farmers' perception of landslides (estimated coefficients and relative risk ratios (RRR)).
Source: Authors' own estimation.

Variables Perception

Did not change Increased Decreased

Coefficient (RRR) P > |z| Coefficient (RRR) P > |z| Coefficient (RRR) P > |z|

Internal factors
Experience in agriculture 0.018 (1.018) 0.423 0.014 (1.014) 0.524 0.039 (1.040)⁎ 0.073
Male (gender) 2.000 (7.389)⁎⁎ 0.016 0.428 (1.534) 0.547 1.187 (3.277) 0.103
Ethnic minority group (ethnicity) 1.389 (4.011)⁎⁎ 0.033 2.010 (7.463)⁎⁎⁎ 0.003 1.910 (6.753)⁎⁎⁎ 0.003
Poor household (household condition) 1.403 (4.067)⁎⁎ 0.037 0.734 (2.083) 0.273 0.800 (2.226) 0.236
Education level 0.249 (1.283) 0.279 −0.022 (0.978) 0.922 0.025 (1.025) 0.912
Farm size in ha −0.105 (0.900) 0.372 −0.128 (0.879) 0.192 −0.053 (0.948) 0.590
Farm income −0.003 (0.997) 0.485 0.002 (1.002) 0.595 0.001 (1.001) 0.798
Non-farm income −0.007 (0.993) 0.259 −0.007 (0.993) 0.258 −0.002 (0.998) 0.747

External factors
Contact extension services 0.369 (1.446) 0.500 0.316 (1.372) 0.562 −0.240 (0.787) 0.658
Distance to market −0.036 (0.965) 0.665 0.023 (1.023) 0.771 0.063 (1.065) 0.413
Climate information 0.685 (1.986) 0.311 1.967 (7.149)⁎⁎⁎ 0.006 3.545 (34.640)⁎⁎⁎ 0.000
An Thinh −0.442 (0.643) 0.439 −1.380 (0.252)⁎⁎ 0.020 −0.733 (0.480) 0.179
Dai Son 1.126 (3.083) 0.245 3.761 (42.991)⁎⁎⁎ 0.000 0.995 (2.705) 0.304
Constant −2.181 (0.113) 0.119 −1.778 (0.169) 0.184 −4.493 (0.011)⁎⁎⁎ 0.005

Note: The base case: ‘do not know’ whether there were changes in the frequency and impact of landslides.
Numbers in parentheses are risk relative ratios, which are in the exponential form of the values outside the parentheses.
LR chi-square(39) = 207.90 Prob > chi-square = 0.0000.
Log likelihood = −392.81622 Pseudo R2 = 0.2093.
⁎ Significant at 10%.
⁎⁎ Significant at 5%.
⁎⁎⁎ Significant at 1%.
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condition), (5) distance to market, (6) information on climate, and
(7) agri-ecological zone. On the other hand, the empirical results also
specified that education level, farm size, farm income, non-farm income,
and contact to extension services are statistically non-significant (>10%
confidence level) to farmers' cognitive to these climate-induced hazards
in the surveyed regions. Detailed explanations of the regression's results
are discussed below.

3.4.1. Internal factors

3.4.1.1. Experience in agriculture. Experience in agriculture may be con-
sidered as a proxy of farmers' age. In bothmodels, the agricultural expe-
rience is positively related to all farmers' attitudes to changes in the
frequency and impacts of flash floods and landslides. The regression re-
sults show statistically significant associations between experience in
agriculture and people's perception of flash flood events in all cases
(P< 0.05 and P< 0.1) (Table 7); and only in the case local farmers per-
ceived landslide events ‘decreased’ (P < 0.1) (Table 8). Hence, it indi-
cates that more experience in agriculture of the household head
would bring them a higher probability not only in recognizing changes
in the frequency and impacts of flash floods but also in noticing a de-
creasing trend of landslides. In addition, risk relative ratios' results
(Table 7) show that one more year working in agriculture would lead
to a higher probability of perceiving the ‘did not change’, ‘increased’,
and ‘decreased’ in the frequency and impacts of flash flood events
relative to the ‘do not know’ option by 8.20%, 8.00%, and 10.7%, corre-
spondingly. Besides, a one-year increase in the farming experience is as-
sociatedwith a higher probability of 4.0% in observing the ‘decreased’ in
the frequency and impacts of landslides compared to the ‘do not know
option’ (Table 8). The research findings are in line with the statements
given by Cullen and Anderson (2016) and Liverpool-Tasie et al.
(2020), who concluded that rural farmers' observationmight be shaped
bywell-being experiences in livelihood activities of the households. It is
further noted that senior farmers, who had a long time devoted to
practices in agriculture, would have more knowledge related to
climate-induced disasters, leading to their cognitive acumen (Ahmad
and Afzal, 2020; Ayal and Leal Filho, 2017; Funatsu et al., 2019; Khan
et al., 2020).
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3.4.1.2. Male (gender). As hypothesized, the coefficients of gender vari-
able are positive, which depict that male-headed households had better
awareness about changes in the frequency and impacts of flash floods
and landslides. The estimated correlations disclose that being a male
significantly increases the probability of farmers in perceiving ‘did not
change’ and ‘decreased’ of flash floods at a 10% significance level, and
in recognizing changes of landslide ‘did not change’ at a 5% significance
level. The relative risk ratios frombothmodels display that the probabil-
ity for male in perceiving the ‘did not change’ and ‘decreased’ in the fre-
quency and impacts offlash floods relative to the ‘donot know’ option is
about 4.5 times (=5.479 − 1) and four times (=5.387 − 1), respec-
tively, higher than for female while it is six times (=7.389− 1) higher
for a man than for a woman in the probability of perceiving the ‘did not
change’ option compared to the ‘do not know’ choice for landslide
events. In addition, the values of marginal effects given in Table B2
(Appendix B) show a 16.1 percentage point higher in the probability
of a man in noticing the ‘did not change’ option of landslides compared
to a woman. The probable explanationmight be that women in the sur-
veyed areas usually take responsibility for children caring and house-
hold activities, thus causing them to have less access and connection
to information and outside resources than men. Hence, they are not as
sensitive as men in realizing changes in such climate-induced disasters.
This result is also in accordance with empirical findings from Ahmad
and Afzal (2020), Huda (2013), Sharma et al. (2020), and Tesfahunegn
et al. (2016), who reported that male is more likely to perceive climate
stimuli. Likewise, it might be concluded that gender is likely to deter-
mine local farmers' attitudes to flash floods and landslides.

3.4.1.3. Ethnic minority group (ethnicity). Ethnicity presented as a proxy
for smallholder farmer's characteristics in remote and mountainous re-
gions of Vietnam. The regression results disclose that the ethnic minor-
ity group has a significantly positive correlation with individuals'
cognitive of changes in the frequency and impacts of flash floods and
landslides. Results of risk relative ratios, besides, provide that the prob-
ability of the ethnic minority group in perceiving changes of these nat-
ural disasters is much higher than the ‘Kinh’ people. For example, it is
14 times higher in the probability of the ethnic minority group in notic-
ing changes in flash floods and landslides compared to the ‘Kinh’
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majority group. Marginal effect calculations further point out that
being ethnic minority groups would result in a lower probability
of 6.2 percentage points than the ‘Kinh’ people in not perceiving
of landslides (Table B2 in Appendix B). This finding suggests that
ethnic minority groups such as ‘Tay’, ‘Dao’ in the study communi-
ties tend to be not likely to misperceive changes of flash floods
and landslides compared to the ‘Kinh’ people. It is derived from
the fact that ethnic minority groups often live in upland and mar-
ginal areas making them become more exposed to the effects of
flash floods and landslides. In addition, they often rely their liveli-
hoods more on agricultural and forestry activities, which are
climate-driven, than the ‘Kinh’ people; hence, people in these
areas are more likely to observe and notice changes of these natural
hazards.

3.4.1.4. Poor household (household condition). The poor household vari-
able shows a mixed effect on farmers' perception to flash floods and
landslides. It has exhibited a negative relation to the farmers' awareness
of changes in the frequency and impacts of flash floods (except for the
‘did not change’ option); however, the coefficients are not significant.
On the other hand, the estimated coefficients are positively correlated
with the perception of landslides in all cases, yet only significant in per-
ceiving the ‘did not change’ option at a 5% significance level. It is further
given additional information by the risk relative ratio calculation that a
non-poor household might have a less three times (=4.067− 1) in the
likelihood of perceiving ‘did not change’ relative to ‘do not know’ option
in changes of landslides. Furthermore, results from the marginal effects
suggest that being a poor household results in a higher probability of
12.2 percentage points in perceiving ‘did not change’ of landslides com-
pared to the non-poor household (Table B2 in Appendix B). The result is
also supported by a previous study (Ayal and Leal Filho, 2017), which
concluded that poorer-farmer might be in a better position to have a
sensation of climate variability. The positive and significant correlation
can be explained by the fact that most poor households are located in
Dai Son commune that is the most vulnerable area in the research site
and is heavily affected by landslides (Pham et al., 2020). Furthermore,
the local community excessively relies on agriculture,which is under in-
creasing pressure led by negative impacts of landslides, as a primary
source of income. Subsequently, we reach a conclusion that farmers
who are the poor might be well aware of the effects as well as changes
of landslides.

3.4.2. External factors

3.4.2.1. Distance to market. As expected, negative estimated coeffi-
cients are found between the distance to market variable with
farmers' perception of flash floods and landslides in almost all cate-
gories (except for the cases of perceiving ‘increased’ and ‘decreased’
of landslides). The finding demonstrates that households with favor-
able distance to market are more likely to enhance the probability of
noticing changes in flash floods and landslides. This is attributed by
the fact that the market is considered to be a useful information
channel for local farmers (Pham et al., 2019). However, the esti-
mated correlation is statistically significant in only the case of per-
ceiving ‘did not change’ (P < 0.1) and ‘increased’ (P < 0.1) for
farmers' perception related to flash floods. The results of relative
risk ratios imply that 1 km further in the distance to market will re-
sult in a lesser probability of perceiving the ‘did not change’ option
and ‘increased’ option relative to the ‘do not know’ option for flash
flood events by about 0.8%. Indeed, a similar finding was docu-
mented with a case study in Bangladesh by Hasan and Kumar
(2019), who denoted that the more the distance to market, the
fewer farmers' perception of climate stimuli.

3.4.2.2. Climate information. Findings indicate that climate information
has a positive relationship with the perception of flash floods and
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landslides in all categories, which indicates that receiving and keeping
weather information updated could bring farmers a precise and sharper
cognition regarding upcoming weather irregularities as well as flash
floods and landslides. The regression estimates display that information
on climate has a statistically significant positive association with
farmers' perception in noticing changes of flash floods at a 10% signifi-
cance level and of landslides at a 5% significance level. Results of relative
risk ratios further point out how different in noticing changes of such
natural hazards if farmers are able to access climate information. For ex-
ample, the probability of noticing the ‘decreased’ relative to the ‘do not
know’ option in the frequency and impacts of flash floods is about eight
times (=8.855 − 1) higher for people who get climate information
compared to those have no information. A similar statement was re-
ported by Khan et al. (2020) and Roco et al. (2014). It is noted that
local communities can access information on weather conditions
through different types of social media such as radio, television, or via
the village's meeting. It is plausible that available access to weather in-
formation might increase individuals' awareness since the more avail-
ability and timeliness of climate information, the more farmers'
perception of such natural disasters.

3.4.2.3. Agro-ecological zone. The regression results, presented in Tables 7
and 8 with the estimated coefficient at 1% and 5% significance levels,
support the research hypothesis that household location is a pertinent
predictor that needs to be investigated in order to comprehend how
flash floods and landslides are recognized in the surveyed sites. The re-
sults are consistent with previous studies (Khan et al., 2020; Roco et al.,
2014), which demonstrated that farmers' awareness often varies across
different agro-ecological zones; the present study has shown that local
differences have two directions (either positive or negative) signifi-
cantly impacting people's perception. It is worthy noting that the
agro-ecological zone has a positive relationship with farmers' percep-
tion of all categories in An Binh and An Thinh, while a negative sign is
reported in Dai Son. However, the estimated correlation is positively
significant in only the case of noticing ‘increased’ in the frequency and
impacts of both flash floods and landslides in Dai Son commune
(P < 0.01) and negatively significant in the case of noticing ‘increased’
in changes of landslides in An Thinh commune (P< 0.05). Such correla-
tions reveal that farmers in An Thinh are less likely to perceive increased
changes in landslides, while farmers fromDai Son aremore likely to no-
tice increased changes in both these natural hazards. These findings are
derived from the fact that An Thinh is located in a flat terrain withmore
developed infrastructure, where people experience less occurrence of
landslides than in the past; thus, the community in these areas might
have less notice of an increasing trend in landslides. On the other
hand, smallholder farmers in Dai Son (the most hilly and remote area
with poor road and facility quality among three researched communes)
had been more exposed and undergone impressive influences of flash
floods and landslides. Consequently, the inhabitant in Dai Son is more
sensitive to the ‘increased’ observation of landslides; or in other
words, their perception is more proactive regarding these climate-
induced hazards.

4. Conclusion

Flash floods and landslides are severe natural disasters in many
highly mountainous regions around the world, particularly in
areas where strong deforestation occurs. In Vietnam, these events
mainly happen in the Northern mountainous regions, one of the
country's most impoverished communities. The impacts of flash
floods and landslides in this region are pressing issues causing
major socio-economic problems, which are even expected to be
more severe in the remote areas due to high levels of poverty,
poor adaptive capacities and infrastructure, inadequate access to
healthcare facilities and technologies, and high dependence on nat-
ural resources. Such remote areas challenge the achievements of
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poverty reduction and require sustainable strategies and assistance
to adapt to climate change. However, empirical research on how
farmers perceive changes in such climate-induced natural disasters
still remains limited in the region.

The study aims to explore to what extent the livelihoods of
rural farmers in one of the poorest provinces in the Northern
region of Vietnam are affected by flash floods and landslides. Be-
sides, since understanding the perception of local people on natu-
ral hazards is significant to advise effective supporting policies in
the process of promoting the implementation of adaptation mea-
sures, we, therefore, sought to determine the factors influencing
farmers' perception of these natural hazards. The study reveals
that an overwhelming majority of farmers recognized the changes
in flash floods and landslides and expressed the negative impacts
of flash floods and landslides on their livelihood activities. The
most recorded damages in the study area include reducing pro-
ductivity, decreasing income, more hard-working conditions, in-
creasing daily expenses, causing disease in livestock, poultry, and
people, and losing land. These consequences subsequently lead
to increasing households' sensitivity and decreasing their adaptive
capacity to recover or overcome adverse sequences of natural
hazards.

Results from the MNL models suggested that local farmers'
perceptions are shaped by both internal (i.e., experience in
agriculture, male (gender), ethnic minority group (ethnicity), and
poor household (household condition)) and external factors
(i.e., distance to market, climate information, and agri-ecological
zone). The study's findings are firmly in line with recent studies
(Ahmad and Afzal, 2020; Ayal and Leal Filho, 2017; Funatsu et al.,
2019; Khan et al., 2020), emphasizing the influence of farmers'
socio-economic, psychological, and geographic characteristics on
the perception process of smallholder farmers subject to climate
variability. Specifically, we found evidence that having one more
year experience in agriculture would increase the probabilities
(8.2%, 8.0%, and 10.7%) of perceiving the ‘did not change’, ‘in-
creased’, and ‘decreased’ options in the frequency and impacts of
flash floods compared to the ‘do not know’ option. Furthermore, a
higher probability of 4.0% in recognizing the ‘decreased’ phenome-
non in the frequency and impacts of landslides relative to the ‘do
not know’ option are recorded. In addition, the research detected
that being a male would significantly increase households' percep-
tion. For example, the probability for a man in perceiving the ‘did
not change’ compared to the ‘do not know’ option in the frequency
and impacts of flash floods and landslides is 4.5 times and 6 times
higher than for a woman, respectively.

Interestingly, belonging to an ethnic minority group and being
a poor household were witnessed to be significantly and posi-
tively associated with the perception of changes in the frequency
and impacts of flash floods and landslides, as it is characterized
by the socio-economic aspects in the study areas that those
people in such areas rely more on agriculture and forest rather
than the major group (the ‘Kinh’ people). The regression results
pointed out that the probabilities of smallholder farmers in the
ethnic minority groups in noticing the ‘increased’ and ‘decreased’
relative to the ‘do not know’ option in the changes of flash floods
and landslides are more or equal 10 times and around 6 times
higher than the ‘Kinh’ majority group, correspondingly. While
the way individuals perceived changes of these climate-induced
events is significantly and negatively related to the distance to
market, it is found to be positively associated with the level of in-
formation on climate local farmers may receive. For instance, the
likelihood of perceiving the ‘did not change’ and ‘increased’ option
compared to the choice of ‘do not know’ in the frequency and im-
pacts of flash floods would be reduced 0.8% for those who live far
away from the market one more kilometer. Also, receiving climate
information would increase at least 3.5 times in the probability of
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perceiving changes in both flash flood and landslide events. Mean-
while, level of education, availability of extension services, farm
size, farm and non-farm income are found to be insignificantly
correlated with the awareness of rural households on flash floods
and landslides.

From policy and development strategy perspectives, the findings in
this study indicate several important implications to improve the
awareness of local people.

• First, building farmers' capacity should be a priority. To do so, the local
Government should encourage farmers to participate in social organi-
zations and join vocational training to keep updating new informa-
tion, as well as fostering their learning process.

• Second, the awareness of people living in different communes are di-
verse, and their understandingmight not be entirely correct, the local
Government should havemore officials to deliver climate information
adequately and frequently, or they can increase the contact with local
people using different means. Local Government would also need to
improve the effectiveness of the extension agency.

• Third, there are still major gaps in understanding the frequency and
impacts of flash floods and landslides between different groups of
people, such as between male and female, between experienced peo-
ple and less experienced fellows, and between ethnic groups. Hence,
special programs targeting specific groups of people are needed to im-
prove their awareness and balance the overall understanding of peo-
ple in the region.

This study was, however, constrained/limited by selecting ex-
planatory factors in the perception models as it only covered sev-
eral aspects affecting people's perceptions to changes of flash
floods and landslides. More specific factors related to economic,
political, and social changes may also affect their understanding;
however, through the survey, FGDs, and discussions with local offi-
cials, we realized that these factors had not changed dramatically
recently. Hence, these factors might not significantly affect the re-
sults of this study. However, it is still acknowledged as limitations
at this stage, and we expect to include in future work not only indi-
vidual household features but also specific economic, political, and
social changes in order to improve the estimations.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2020.142656.
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Appendix A
The perception model's results are shown in Table 7 (for the perception of flash floods) and Table 8 (for the perception of landslides). The Ordinary
Least Square model was fitted, and the model was tested for multicollinearity using the variance inflation factor (VIF). The means of VIF for all var-
iables in both models are 1.31 (range from 1.04 to 1.70), which is <10, indicating that multicollinearity is not a problem in these models. These
models, in addition, were run and tested for the validity of the independence of the irrelevant alternatives (IIA) assumptions by using both the
Hausman tests and the Small – Hsiao tests. Both tests failed to reject the null hypothesis of independence of the flash flood and landslide perception
choices, presenting that theMNL specification is appropriate tomodel farmers' perception of changes in the frequency and impacts of flashfloods and
landslides. Furthermore, the Multinomial Logit Regression models are highly significant at 1 percent level (perception model of flash floods: LR chi-
square (39) = 202.06; Log-likelihood = −347.79407; P > chi-square = 0.0000; Pseudo R2 = 0.2251 and perception model of landslides: LR chi-
square (39) = 207.90; Log-likelihood = −392.81622; P > chi-square = 0.0000; Pseudo R2 = 0.2093), suggesting that these models have strongly
explanatory powers.

Appendix B

Table B1
Marginal effects from the MNL of perception on flash floods.
Source: Authors' own estimation.
Variables
In
E
M
E
P
E
F
F
N

E
C
D
In
A

In
E
M
E
P
E
F
F
N

E
C
D
In
A

Perception
Did not change
 Increased
12
Decreased
 Do not know
Coefficient
 P > |z|
 Coefficient
 P > |z|
 Coefficient
 P > |z|
 Coefficient
 P > |z|
ternal factors

xperience in agriculture
 −0.001
 0.652
 −0.004
 0.153
 0.005⁎⁎
 0.024
 −0.000
 0.359

ale (gender)
 0.084
 0.461
 −0.107
 0.280
 0.065
 0.380
 −0.006
 0.496

thnic minority group (ethnicity)
 −0.047
 0.386
 0.083
 0.304
 −0.031
 0.616
 −0.005
 0.382

oor household (Household condition)
 0.067
 0.258
 −0.060
 0.460
 −0.008
 0.905
 0.001
 0.826

ducation level
 0.013
 0.521
 −0.027
 0.358
 0.014
 0.577
 0.000
 0.710

arm size in ha
 −0.007
 0.629
 −0.015
 0.291
 0.022⁎⁎
 0.029
 −0.001
 0.473

arm income
 −0.001
 0.357
 0.000⁎
 0.351
 −0.000⁎
 0.995
 −0.000
 0.367

on-farm income
 −0.000
 0.974
 −0.000
 0.760
 0.001
 0.766
 0.000
 0.380
xternal factors

ontact extension services
 0.000
 0.994
 0.081
 0.248
 −0.080
 0.125
 −0.001
 0.559

istance to market
 −0.001
 0.899
 −0.008
 0.582
 0.006
 0.562
 0.000
 0.366

formation on weather
 −0.179⁎
 0.072
 0.039
 0.732
 0.146⁎⁎
 0.039
 −0.006
 0.489

n Thinh
 −0.028
 0.592
 0.056
 0.468
 −0.025
 0.658
 −0.003
 0.433

ai Son
 −0.166⁎⁎⁎
 0.000
 0.635⁎⁎⁎
 0.000
 −0.464⁎⁎⁎
 0.000
 −0.005
 0.356
D
⁎ Significant at 10% level.
⁎⁎ Significant at 5% level.
⁎⁎⁎ Significant at 1% level.

Table B2
Marginal effects from the MNL of perception on landslides.
Source: Authors' own estimation.
Variables
 Perception
Did not change
 Increased
 Decreased
 Do not know
Coefficient
 P > |z|
 Coefficient
 P > |z|
 Coefficient
 P > |z|
 Coefficient
 P > |z|
ternal factors

xperience in agriculture
 −0.001
 0.664
 −0.004
 0.201
 0.005⁎⁎
 0.024
 −0.001
 0.279

ale (gender)
 0.161⁎⁎⁎
 0.001
 −0.207⁎⁎
 0.038
 0.093
 0.228
 −0.047
 0.329

thnic minority group (ethnicity)
 −0.078
 0.169
 0.102
 0.254
 0.038
 0.595
 −0.062⁎⁎
 0.010

oor household (Household condition)
 0.122⁎
 0.061
 −0.066
 0.390
 −0.026
 0.704
 −0.030
 0.110

ducation level
 0.042⁎
 0.059
 −0.032
 0.278
 −0.008
 0.765
 −0.002
 0.805

arm size in ha
 −0.002
 0.880
 −0.014
 0.290
 0.013
 0.264
 0.004
 0.280

arm income
 −0.001
 0.119
 0.001
 0.184
 0.000
 0.758
 −0.000
 0.876

on-farm income
 −0.000
 0.488
 −0.001
 0.321
 0.001
 0.108
 0.000
 0.343
xternal factors

ontact extension services
 0.046
 0.413
 0.071
 0.327
 −0.110⁎
 0.047
 −0.006
 0.730

istance to market
 −0.012
 0.211
 0.001
 0.964
 0.012
 0.246
 −0.001
 0.749

formation on weather
 −0.287⁎⁎
 0.005
 0.127
 0.188
 0.294⁎⁎⁎
 0.000
 −0.134⁎
 0.091

n Thinh
 0.103
 0.124
 −0.195⁎⁎
 0.015
 0.047
 0.472
 0.045
 0.164

ai Son
 −0.205⁎⁎⁎
 0.000
 0.599⁎⁎⁎
 0.000
 −0.322⁎⁎⁎
 0.000
 −0.073⁎⁎⁎
 0.002
D
⁎ Significant at 10% level.
⁎⁎ Significant at 5% level.
⁎⁎⁎ Significant at 1% level.
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