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Abstract

Water scarcity poses one of the most prominent threats to the well-being of smallholder
farmers around the world. We studied the association between rural livelihood capitals (nat-
ural, human, social, financial, and physical) and resilience to water scarcity. Resilience was
denoted by farmers’ self-reported capacity to have avoided, or adapted to, water scarcity.
Proxies for livelihood capitals were collected from two-hundred farmers in South Sulawesi,
Indonesia, and their associations with a typology denoting water scarcity impacts analyzed
with a Taylor-linearized multinomial response model. Physical and natural assets in the
form of irrigation infrastructure and direct access to water sources were saliently associ-
ated with overall resilience (avoidance and adaptation) to water scarcity. Years of farming
experience as a form of human capital asset was also strongly associated with resilience to
water scarcity. Factors solely associated with the capacity to adapt to water scarcity were
more nuanced with social capital assets showing closer associations. A household with a
larger number of farm laborers had a higher likelihood of being unable to withstand water
scarcity, but this relationship was reversed among those who managed larger farming areas.
We discuss possible mechanisms that could have contributed to resilience, and how public
policy could support smallholder farmers cope with water scarcity.
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1 Introduction

Smallholder farmers, households working on land plots smaller than two hectares, are the
backbone of global agricultural production harvesting some 80% of the world’s annual
crops (FAO et al., 2018). By virtue of the size of their holdings, frequently on low-quality
sites, and limited financial resources, they are more often vulnerable to market and weather
fluctuations than farmers endowed with more farmland and financial resources. The liveli-
hoods of 475 million small farm households in developing countries are at the forefront of
the challenges posed by a rapidly changing climate (Rapsomanikis, 2015; Verchot et al.,
2007). Climate change is already causing record temperatures and will very likely result
in major deviations from historic rainfall patterns that will exacerbate the frequency and
extent of drought (Collins & Knutti, 2013). Human—environment interactions occurring
within agricultural systems highlight the importance of identifying characteristics associ-
ated with resilience to extreme climate disturbances (Turner, 2010).

Water scarcity, a condition where demand for water exceeds its availability, is expected
to become a more prevalent event to which smallholder farmers will be particularly vulner-
able (Damkjaer & Taylor, 2017; Roschel et al., 2018). Changes in the volume and distri-
bution of rainfall directly affect rain-fed crops and hotter temperatures escalate irrigation
requirements, thus, increasing water demands (Hanjra & Qureshi, 2010). Water scarcity
affects the quality and quantity of agricultural yields with a direct effect on food security,
the likelihood of social conflicts, and wider rural poverty (Kang et al., 2009; Rahmati et al.
2014, Maleksaeidi et al., 2016). In this context, resiliency captures the ability of farmers to
avoid or adapt to the impacts caused by water scarcity while retaining the function, struc-
ture, and identity of their livelihoods (Carpenter, 2001; Folke et al., 2010).

Livelihood assets can help examine a household’s capabilities to act and adapt to shocks
(Bebbington, 1999), but the relationships between complementary capabilities to small-
holder farmers’ resilience to water scarcity are still rarely explored in the literature. This
study aims to fill a knowledge gap in the current understanding of factors associated with
rural households’ resilience to water scarcity, particularly in smallholder farming contexts.
Specific objectives included to quantify and determine the statistical significance of liveli-
hood resources associated with smallholder farmers’ self-reported capacity to avoid or adapt
to water scarcity; and how such relationships change contingent on available farmland. Fol-
lowing a sustainable rural livelihoods capital framework (Bebbington, 1999; Ellis, 2000;
Knutsson & Ostwald, 2006; Quandt, 2018; Quinlan et al., 2016), we gathered and analyzed
information on smallholder farmers’ natural, human, social, financial, and physical assets to
determine their respective associations with self-reported resilience to water scarcity.

Our empirical data were collected in Indonesia—a country with over 12 million small
farms, of 0.92 hectares in average size that account for over 90% of the annual value of
national crop harvests (FAO, 2018). Compared to historical patterns, climate change pro-
jections suggest Indonesia will suffer from fluctuating temperature and rainfall patterns,
and more frequent water scarcity and drought (World Bank Group, 2019). Data collected
from small Indonesian farms in South Sulawesi were used to test our research questions.
Next, we describe the five capitals framework that served as our theoretical framework,
define the psycho-social construct that assessed household-level resilience to water scar-
city, and outline the methods used to analyze our data. Following our findings, we discuss
the likely mechanisms that could have contributed to resilience to water scarcity, and stress
results that reflect on land and other resource interactions—particularly between labor and
farmland as two of the least and most constraining assets among smallholder farmers.
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Fig. 1 Rural livelihood capital assets and examples relevant to rural tropical smallholder farmers. Adapted
from: Bebbington (1999), Donovan & Stoian, 2012), Maleksaeidi (2016), Quandt (2018)

2 Theoretical framework: livelihood capitals and resilience to water
scarcity impacts

The five capitals framework for sustainable livelihoods (Scoones, 1998; Shinbrot et al.,
2019) served as the theoretical foundation to examine smallholder farmers’ resilience to
water scarcity. This asset-based framework identifies and recognizes the roles of natural,
human, social, financial, and physical capitals, as resources to help measure capabilities to
build and sustain rural livelihoods (Bebbington, 1999; Scoones 1999; Ellis, 2000; Donovan
& Stoian, 2012). The sustainable livelihood capitals framework offers an inherent multi-
disciplinary approach to the assessment of how rural capital assets support and enhance the
capacity to cope with external stressors (Emmanuel-Yusuf et al., 2017; Nelson et al., 2010;
Williges et al., 2017).

Figure 1 depicts the five capitals framework including the proxies used in this study
to assess each of them. Production, regulatory, and sustaining ecosystem services (e.g.,
water supply, water and micro-climate regulation, food production) emanate from natu-
ral capital to contribute to rural livelihoods (Altieri et al., 2012). Human capital encom-
passes skills, knowledge, dexterity, and good health, among other attributes available
within individuals (Scoones, 1998; Adato 2002). Social capital builds on the develop-
ment of human capital to support institutions or social infrastructure (e.g., schools,
farmer groups, cooperatives) to achieve goals that could not be attained individually
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(Adler & Kwon, 2002; Donovan & Stoian, 2012). Financial capital encompasses mon-
etary assets that a household holds or has access to with cash being the simplest form
of financial asset (Ellis, 2000). Physical capital, referred to as human-made capital or
infrastructure, facilitates individuals and collective activities (Moser, 1998; Scoones,
2009).

Resilience emphasizes the capacity to avoid, or adapt to, unexpected changes to
sustain one’s well-being, whether or not such dependence is recognized (Biggs et al.,
2015; Clark, 2007). Nelson et al. (2010) stress that agriculture is a dynamic system that
constantly needs to adapt to magnitude, rapidity, and direction of unexpected extreme
weather events, such as those triggering water scarcity. The five capitals framework for
sustainable livelihoods links households’ capabilities and adaptation capacities, hence
resiliency, to external stresses and shocks with empirical evidence pointing to such asso-
ciations only recently emerging. For instance, Liu et al. (2020) report that ownership of
forestland (as a type of physical asset) and off-farm employment (as a form of comple-
mentary financial asset) directly contribute to Chinese smallholders’ farming strategies
with respect to poverty alleviation following resettlement. In a different context, Sina
et al. (2019) report the complex role of all livelihood capitals in supporting resiliency
to large displacement (as evidenced after the 2004 Indian Ocean tsunami), and highlight
the fundamental role that human capital had in supporting post-disaster livelihoods.

Resilience to the impacts of water scarcity is a psycho-social construct that embodies
how a household deems its exposure to, impacts of, and capacity to cope with water scar-
city. Water scarcity has inherent biophysical and socio-economic dimensions that partly
determine its impacts and a household’s coping abilities. Bio-physical water scarcity refers
to a condition where there is not enough water available to meet local demands due to cli-
matic and geographic circumstances (Rijsberman 1994). Economic water scarcity can be
described as a condition where there is limited access to water due to inadequate infrastruc-
ture, thus, it is largely an anthropocentric condition (Damkjaer & Taylor, 2017). Resources
available to a household, as encapsulated in the livelihoods capitals framework, influence
the ability to cope with water scarcity (Quandt, 2019). Water scarcity has often intangible
and ambiguous aspects that can lead to different interpretations; it is the affected party
through individual experience and perceptions that internalizes and constructs the degree
of effects and detriment (Langridge et al., 2006; Stehr and von Stoch 1995). Water scarcity
and its impacts are both real (i.e., water supplies are scarce) and constructed by individuals
and institutions through socio-political discourse and experiences framed by bio-physical
and socio-economic contexts (Mehta, 2003).

As a psycho-social construct the impact of, and capacity to cope with, water scarcity
is unobservable but the degree of self-assessed reported impacts and ability to withstand
it is. This motivates a latent function that underlies self-reported water scarcity impacts
and consequent degree of resilience. The degree of a farmer’s self-constructed resil-
ience (R*) can be modeled as a function of five capital assets as:

R* = f(natural, human, social, financial, and physical) (1)

Following a review of the literature and local focus groups, farmers’ self-reported
degree of resilience to water scarcity was classified under one of three mutually exclusive
categories: (i) avoidance of water scarcity, (ii) adaptation to water scarcity, and (iii) inabil-
ity to withstand water scarcity. These categories are outlined in Table 1. The period over
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Table 1 Typology describing farmers’ self-reported assessment of water scarcity impacts on their liveli-
hoods

Categories Self-reported assessment & description*

Avoidance of water scarcity I have not experienced water scarcity: Farmer reported her/his house-
hold’s livelihood has not been affected by water scarcity

I have experienced water scarcity, but it did not affect my livelihood at
all: The farmer reported her/his household’s livelihood experienced
only negligible impact to its quality in the face of water scarcity

Adaptation to water scarcity I have experienced water scarcity, it affected my livelihood only a lit-
tle and was able to recover: The farmer reported her/his household’s
livelihood experienced non-negligible impact, but was able to
restore the quality of the household’s livelihood

I have experienced water scarcity, it affected my livelihood quite a lot
but I have recovered: The farmer reported his/her household’s liveli-
hood has been negatively affected by water scarcity, however, was
able to cope with it without impact to the quality of the household’s
livelihood

Inability to withstand water scarcity Water scarcity is always an issue for me and it has affected my liveli-
hood: The farmer reported her/his household’s livelihood has and
might still be negatively affected by water scarcity. Farmer reported
non-negligible impacts and the inability to restore the quality of the
household’s livelihood

“Self-reported assessment recorded by enumerator through face-to-face surveys in response to descriptors
of water scarcity impacts. Impacts encompassed the preceding five years from the time of the survey inclu-
sive of the current farming season

which farmers were asked to self-assess their resilience to water scarcity included the five
years preceding the time of the survey, inclusive of the current farming season.

The probability of reporting into any of the three j categories is conditional on the val-
ues of livelihood capital assets as:

Prob (R* =j|X) 2

where j possible categories correspond to the avoidance of water scarcity, adaptation to
water scarcity, and inability to withstand water scarcity; X is an information matrix captur-
ing levels of capital assets plus an intercept; with the condition that response probabili-
ties Prob (R*=j) sum to unity. We were interested in testing the directional and statisti-
cal significance of associations of capital assets with increased likelihood of self-reporting
into one of the typological categories denoting resilient (e.g., avoidance or adaptation)
livelihoods, over the inability to withstand water scarcity which served as our baseline for
comparison.

We expected to observe a direct relation between greater availability of capital assets
and resilience to water scarcity. Due to the physical and anthropocentric nature of water
scarcity we expected natural and human-built physical assets to dominate direct associa-
tions with greater probabilities of reported avoidance of, or adaptation to, water scarcity
that corresponded to resiliency categories. Given the particular characteristics of small-
holder farmers, we tested whether farmland had statistically discernible associations with
livelihood resilience when interactions with other non-natural forms of capitals were
included. Here, we aimed to identify more nuanced associations beyond main asset-
specific effects. Particular to the foremost condition characterizing smallholder farmers
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Fig.2 Study area identifying watersheds and surveyed villages in South Sulawesi’s Bantaeng District, Indo-
nesia

(limited farmland acreage), we expected corresponding land-resilience associations to be
contingent on human, social, financial, and physical factors. Findings on capital interac-
tions highlight the importance of considering the various and assets that influence resilient
smallholder farming (Mutenje et al., 2019; Walker et al., 2004).

3 Methods
3.1 Study area

We collected data from smallholder farmers in Bantaeng District of South Sulawesi, Indo-
nesia (Fig. 2). This area and geographical scale were chosen to keep a degree of homogene-
ity across a socio-ecological landscape dominated by small farms. By keeping overarching
climate and weather conditions homogeneous, differences in self-reported avoidance of,
or adaptation to, water scarcity were associated with explanatory variables. Eight villages
within two different watersheds, Tino and Biangloe, were included in our study. Our design
included four paired villages along the altitudinal levels (0-300, 301-500, 501-800, and
801-1000 m above sea level) of the watersheds. This sampling aimed to keep a balanced
design, yet allowed for differences in farming practices and capitals between altitudinal
levels ranging from mountainous to coastal levels. Farms in both watersheds are character-
ized by mixtures of agroforestry-based system (cacao, cloves, and coffee) and degraded
land with annual crops (maize and paddy).

The Bantaeng District is located at 5.5169°S, 120.0203°E, covers an area of 395.83
km?, and has a population of 185,000 people. The landscape of the northern section of
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the District has steeper slopes and higher altitudes. The southern part of the District area
is flatter and characterized by the coast that meets the Flores Sea. Historic rainfall pattern
is bimodal with a rainy period between November and May and a dry period from June
through October (Tsuchiya et al., 2009). It is during the dry period when water scarcity
is most likely to occur which has been periodically reported in South Sulawesi since the
turn of the century. When our research was conducted, the Bantaeng District received an
average of 14 rain days/month with an average annual precipitation of 245 mm®/month. A
majority of farmers in Bantaeng are smallholders who rely on agriculture as main suste-
nance. Historically, smallholder farmers have planted maize, rice, and coffee. However, in
the mid-1980s, planting hybrid maize became popular and subsequently led to conversions
of more forested area into farmland. During that decade, there were also increases in plant-
ings of coffee, cacao, and clove (Mulyoutami et al., 2012).

3.2 Survey instrument and data collection

We developed a survey for primary data collection. A first draft was prepared from Sep-
tember 2017 through April 2018 and pre-tested from May to June 2018 with individual
farmers and focus groups. Pre-testing assessed the validity of the instrument, ensured clar-
ity and tested interpretation of questions, and estimated the time needed for each interview
(Dillman, 2011). Final survey sections and secondary data used in this study are outlined
in Table 2.

Farmers were asked whether they have ever experienced water scarcity. Following their
preliminary answer, they self-evaluated their household placement by selecting one of five
statements that best described their experiences coping with drought over the preceding
five years (including the current farming season). The statements and categories denoting
resilience to water scarcity are outlined in Table 1. When necessary, we provided follow-up
explanations of water scarcity and livelihood impacts during face-to-face interviews. We
relied on a series of proxies to assess farmers’ household-level capital assets. Proxies for
each capital were based on previous studies focusing on smallholder farmers resilience,
literature review, and previous studies on smallholder farmers in Bantaeng District. We
differentiated between agroforestry and monoculture farming as the two main agricultural
systems in the area. The combination of trees and crops in agroforestry can provide more
robust ecosystem services such as carbon sequestration, biodiversity conservation, soil
enrichment, and air and water quality, and diversify on-farm sources of income (Quandt
et al., 2017, 2019). Direct on-farm water source denoted direct access to a stream or rain-
water collected in natural ponds; altitudes of household location captured discernible dif-
ferences in evapotranspiration and rainfall within watersheds (MacMillan & Liniger, 2005).
Participation in group activities (farmer’s group, cooperative, or village community asso-
ciation) and participants’ willingness to engage in collective action captured preferences
to solve water scarcity problems collectively—over tackling them individually—Ilikely
reflecting on local solidarity, reciprocity, and trust (Kumar Nath et al., 2010). We gathered
information on total household income and livestock holdings as forms of financial capital.
Information on housing area and means of transportation also reflected on access to physi-
cal resources in rural contexts (Donovan & Stoian, 2012; Scoones, 1998).

Considering the total number of households in the eight villages within the two water-
sheds, a sample size of 200 respondents was adequate to achieve a 95% confidence level
with a 10% margin of error (Dillman, 2011). We followed a stratified random sampling
approach where twenty-five households were randomly chosen from a registry available

@ Springer



F. X. Aguilar et al.

Table 2 Description of variables used as proxies of livelihood capitals to examine associations with avoid-
ance of and adaptation to water scarcity

Variables

Response/ unit

Natural capital

Financial capital

Human capital

Social capital

Physical capital

Total farmland area'

Farmland share under agroforestry system manage-
ment

Direct natural access to water source’

Altitude >300 m.a.s.1.?

Total yearly household income*

Number of livestock holding?

Level of education (head of household)

Farming experience

Number of household farm laborers
Number of household members
Participation in social groups®
Willingness to engage in collective action’
Transportation modes

Irrigation infrastucture®

House area (m?)

Hectare
%

0=No, 1=Yes

0=No, 1=Yes

US$/year, above subsistence

Number of animal units

0=did not go to school, 1 =did
not finish elementary school,
2 =elementary school gradu-
ate, 3 =junior high school
graduate, 4 =high school grad-
uate, 5 =bachelor’s degree

1=0-5 years; 2=6-10 years;
3=11-15 years;
4=16-20 years;
5=21-25 years; 6 =more than
25 years

Number of persons

Number of persons

0=No, 1=Yes

0=No, 1=Yes

Number of transportation modes

0=No, 1=Yes

mZ

!Total hectares of farmland across all parcels managed including private and shared ownership or leased
parcels. 2At least one on-farm water source coming directly from a stream or rainwater collected in natu-
ral ponds. *Derived from geo-referenced geographic information system. *Summation of average yearly:
on-farm income, off-farm income, and remittances. *Livestock animal units (AUs) converted using the fol-
lowing factors: 1 cattle=0.65AU, 1 horse=0.65 AU, 1 sheep=0.1 AU, 1 chicken=0.01 AU, (FAO, 2011).
®Denotes involvement in any of the following: farmer groups, cooperatives, village community group. "Pref-
erence to solve water scarcity-related problems collectively over individually. *Includes on-farm equipment
and materials used to distribute water to farm crops whether individually or collectively owned

in each village. Selection criteria were twofold: respondents needed to actively practice
farming and be at least 25 years of age at the time of the survey. These sampling criteria
ensured that the livelihoods of participants were agricultural and with the ability to make
land management decisions. If these criterions were met, farmers were then asked for their
willingness to participate in the study. We interviewed heads of the household, to consist-
ently reach to the primary decision maker regarding a household’s farming activities. There
were several instances when the household head was not available (e.g., too old or frail),
and farming decisions have been left to an offspring. In these cases, the latter was inter-
viewed with the head of household present to validate answers.

Surveys were completed via face-to-face interviews by a local enumerator and included
key-person in-depth interviews with chiefs of the village and senior farmers to collect
more detailed information of village and farming history, water access, climate, and other
contextual information. Local enumerators were trained for the unbiased delivery of the
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questionnaire and to ensure the consistent translation of questions as many of our respond-
ents only spoke the local Makassarese language (Crawford, 1997). Data collection took
place from May until July 2018. Across all villages we experienced a rejection rate of 10%
until our sample size was met.

3.3 Econometric analysis

A multinomial logistic model was chosen as the correct econometric specification due
to the complete and mutually exclusive nature of categorical responses. Moreover, this
nonlinear model allows capturing complex interaction effects inclusive of explanatory
variables’ coefficients changing magnitude and direction contingent on other explanatory
variables (Ai & Norton, 2003). We estimated the probability of a farmer self-assessing
avoidance or adaptation to water scarcity, over the inability to withstand impacts of water
scarcity. The normalized functional form of a multinomial logit model for three categories
of the dependent variable was given by (Hausman 1981; Greene, 2011):

eﬂixf
1+ Zi:l el

where the probability of the response by the ith farmer to be equal to the jth category
(O=incapacity to withstand water scarcity, 1 =avoidance of water scarcity, 2 =adaptation
to water scarcity) is conditional on an information x] vector with first-element unity com-
prised of proxies for a household’s five capitals and farmland interaction terms as per our
research hypotheses. Moreover, ; is a vector of coefficients for the j=1, 2 categories rela-
tive to the j=0 baseline. Log-odds were computed as:

Pr obij
In
Pr Obik

Prob(R! =jlx;) = J=0,1,2:,=10 3)

] = (B = Bo)xi = By, ifk = 0 (4)

and odds ratios calculated by exponentiating f; coefficients. The percent change in odds
was given by:

100 x {e(/’/x’) - 1} 5)

The multinomial regression was estimated for a stratified (village-level) dataset where
each household represented our sample unit of equal weight. We used a Taylor lineariza-
tion approach (also known as the delta method or the Huber/White/robust variance estima-
tor) in the multinomial estimation of robust standard errors to reflect our sample design
(Demnati & Rao, 2010). Before model estimation, we tested for the independence of irrel-
evant alternatives (IIA) assumption using Hausman and Small-Hsiao test-statistics (Cheng
& Long, 2007; Small & Hsiao, 1985).

In the multinomial regression we used each proxy for livelihood capitals as an explanatory
variable to capture capital-specific main associations. The variable ‘total farm area’ was log-
transformed to deal with its non-normal distribution (Shapiro-Wilk test: p value <0.05) and
to better capture nonlinear effects. Main altitude effects capturing evapotranspiration and rain-
fall differences were discerned between farms at greater than 300 m.a.s.1., and those at lower
altitudes. We interacted “total farm area” as one of the most limiting natural capitals with a
proxy from each of the other capitals to capture more nuanced mixed effects—with particular
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attention paid to interactions between labor and farmland as two of the least available and
most constraining assets among smallholder farmers. Else constant, we tested the association
between having an additional farm laborer and a household’s odds of either being in the avoid-
ance and adaptation categories as:

{ 100 X e(ﬂf,Numher of family Iaborers+ﬁj,an\ area (log)XNumber of family lahnrer<) -1 }, fOI'j = 1, 2 (6)

Inclusion of interaction effects between household’s farmland and number of farm laborers
further allowed assessing complex relationship including changes in the likelihood of being in
a particular category. Specifically, we tested whether, there was a turning point that changed
resiliency associations between the number of family laborers and farmland by setting odds
ratios at ‘1’:

—Bj no. family laborers

e Pjno. family laborers xIn (farmland) for ] — 1, 2. (7)

We identify outstanding capital factors making direct contributions to water scarcity resil-
iency as those positively and statistically (p <0.05) associated with greater odds of avoidance
and adaptation to water scarcity, categories over incapacity to withstand it. All analyses were
conducted in Stata Version 15.

3.4 Study limitations

This study has various inherent caveats. The first relates to our typology denoting impacts
of water scarcity using a psycho-social construct. The categories depict heads of households’
own subjective construction on the degree of how water scarcity has affected their livelihoods
and whether they have avoided, coped, or could not withstand it. The nature of this response
justifies our econometric specification, but observations themselves might be exposed to
errors. We tried to reduce response bias in our data via face-to-face interviews to ensure the
validity of answers, but we cannot completely rule it out. Another caveat relates to our inabil-
ity to make causal inferences. Our results are limited to the association between capital factors
and the likelihood of avoiding or adapting to water scarcity, over incapacity to withstand it.
We are also limited in our ability to make inferences to populations other than those of similar
bio-physical and socio-ecological contexts as found in our study area. For instance, our study
area has two well-known dry and wet seasons, with annual rainfall of over 2900 mm?>, which,
although common in many tropical regions, is not universal. Further, as compared to other
areas in Indonesia and across the tropics, it is often common to find communally owned lands
used for agriculture. Our context is one where farmed parcels are largely under private owner-
ship with only a fraction under communal or leased management. Different land governance
and tenure regimes can influence the capacity of smallholders to cope with exogenous stress-
ors (Barbieri & Aguilar, 2011; Schlager & Ostrom, 1992), but our sample is not suited to test
such effects. Moreover, our study area is deemed to be ethnically homogeneous; variability
in perceptions of resiliency between ethnic groups could not be examined (Quandt, 2019).
Lastly, our dataset corresponds to a single cross section and may not be applicable to future
governance and climatic conditions that could be remarkably different from when our study
was conducted.
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4 Results
4.1 Descriptive statistics

Basic centrality and dispersion statistics for our sample are presented in Table 3. Respond-
ents in the sample managed an average of 1.15 ha of farmland, which is slightly larger
than the national average (0.92 ha), with a median of 0.85 ha. Other important characteris-
tics worth noting within our data include that 76% respondents owned at least two parcels,
50% owned at least three parcels, 25% at least four parcels, and 13% at least five parcels.
This distribution reflects the management landscape prevalent in our study area dominated
by small farming plots. Regarding land tenure, most land was in private ownership, and
89% of all 530 parcels managed by farmers in our sample were under full private owner-
ship. The remaining plots were leased or under shared communal ownership. Respond-
ents’ reported an average annual income of US$614.23/year, with median of US$266.67.
Regarding self-reported typologies describing resilience to water scarcity, 32.5% of farm-
ers had avoided, 30.0% had adapted, and 37.5% had not been able to adapt to its impacts.

4.2 Multinomial logistic regression

Results are presented in Table 4.! We found no definitive evidence to reject the null
hypothesis for the ITA assumption. Results from the IIA Hausman test suggested the model
may violate this assumption, although this is not an uncommon result in empirical appli-
cations even in well-specified models with large samples (Aguilar & Cai, 2010; Cheng &
Long, 2007). Results from the IIA Small-Hsiao Test offered no consistent indication that
the assumption was violated.

4.2.1 Avoidance of—over inability to withstand—water scarcity

Proxies for natural capital assets dominated the explanatory power between the odds of
avoidance of, over inability to withstand, water scarcity (first set of columns in Table 4),
in addition to irrigation infrastructure as a form of physical capital. Capital asset coef-
ficients that exhibited the largest odds ratios and statistically significant (p <0.05)
direct associations were in declining order: (i) access to irrigation infrastructure, (ii)
altitude >300 m.a.s.l., (iii) direct natural access to water source, (iv) 75" percentile
income X livestock units, (v) total farm area (log)Xfamily labor, (vi) years of farming
experience, and (vii) percentage of farm under agroforestry system. For instance, farmers
with access to irrigation infrastructure and at altitudes over 300 m.a.s.l. were, respectively,
1.64E+07 and 8.55 times as likely to be able to avoid water scarcity over the inability to
stand it.

In the opposite direction, the odds of avoiding water scarcity, over the inability to with-
stand it, were negatively associated with only two capital assets. Odds ratios of 0.004 and

! We also ran models that included watershed- and village-level effects. There were no significant water-
shed-level effects. In the case of fixed village-level effects, controlling for their inclusion yielded a few addi-
tional statistically significant coefficients but introduced a strong degree of collinearity. Results from these
models are included in an Appendix.
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0.155 were found for an additional family farm laborer and the interaction term ‘total farm
area (log) X water access infrastructure,” respectively.

4.2.2 Adaptation to—over inability to withstand—water scarcity

Different levels of associational strength and statistical significance emerged when exam-
ining variables that distinguished farmers who have adapted to water scarcity, from those
unable to withstand it (second set of columns in Table 4). Results disclose significant
associations with various capitals. Among them, social capital assets (e.g., willingness to
engage in collective action, participation in social activities), human capital assets (e.g.,
number of family laborers and household members), and physical capital assets stand out.
By declining order directly associated variables ‘coefficients were: (i) willingness to engage
in collective action, (ii) access to irrigation infrastructure, (iii) altitude>300 m.a.s.1., (iv)
75th percentile income X livestock unit, (v) engagement in social activities, (vi) direct nat-
ural access to water source, (vii) number of transportation modes, (viii) total farm area
(log) X family labor, and (ix) years of farming experience. For example, farmers willing to
engage in collective action were 9.82E+03 as likely to be able to adapt to water scarcity,
over the inability to stand it.

Having an inverse association, in declining absolute value of coefficients was: (i) num-
ber of household farm laborers, (ii) total farm area (log) X willingness to engage in collec-
tive action, (iii) total farm area (log) X access to irrigation infrastructure, and (iv) number
of household members. For instance, the odds of adapting to water scarcity over the inabil-
ity to stand it were only 0.005 for an additional family farm laborer.

4.2.3 Assets with no statistical association with resilience to water scarcity

We found non-significant effect associated with years of education, although positive cor-
relations have been reported in other contexts (e.g., Awazi & Quandt, 2021). This is pos-
sibly due to the fact that about 39% of farmers in our sample reported not attending school
or finishing elementary education, and a third of them had only completed elementary
education (Table 3). The prevalence of relatively low levels of schooling, which reflects
the reality of the study area, might be linked to our findings of no related significant asso-
ciations. Arguably, farming experience is the more important human capital asset in sup-
porting resilience over traditional schooling. Lastly, the coefficient capturing house area
was not statistically significant. Others such as Carney (1998) have reported that a farm-
er’s house size can enhance livelihood resiliency as it provides a sense of security when
stresses and shocks occur. In the case of Bantaeng, farmers commonly used their houses
to store non-perishable yields (e.g., dried corn, nutmegs, dried cloves) and crop seeds. We
initially expected a discernible association between larger house areas and resiliency, but it
was not significant.

4.3 Capital assets contributing to overall resilience to water scarcity

Self-assessed resilience—i.e., greater odds of avoidance and adaptation of water scar-
city, over inability to withstand it—was positively associated with most capital assets.
Table 5 offers a summary of capital assets and their statistical significance on the greater
likelihood of reporting avoidance and adaptation typologies. Variables proxying natu-
ral assets (e.g., natural access to water sources, higher altitude having greater rainfall

@ Springer
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Table5 Rural livelihood capital assets associated with greater resilience as denoted by significantly
(p<0.05) greater odds of avoidance and adaptation, over inability to withstand water scarcity

Capital assets Asset (proxy) Avoidancet Adaptationt Resilience*

Natural Higher altitude (Altitude > 300 m.a.s.1.) + + )
With natural water access + + 1
Farmland % agroforestry +

Financial 75th percentile income X livestock unit + + )

Human Years of farming experience + + T
Number of farm laborers - - !
Number of household members -

Social Participation in social groups +
Willingness to engage in collective action +

Physical Access to irrigation infrastructure + + 1
Transport mode ownership +

Natural Xhuman ~ Farmland area (log) X number of family + + T

laborers

Natural X physical Farmland area (log) X irrigation infrastructure - -
Natural Xsocial ~ Farmland area (log) X willingness to engage in -
collective action

T Association relative to base category: ‘Inability to withstand water scarcity.’ *Statistically positive associ-
ations with both avoidance and adaptation deemed as strong evidence of contribution to small-holder resil-
ience to water scarcity

and less evapotranspiration), financial assets (e.g., 75th percentile household income in
combination with number of animal units), human assets (e.g., years of farming experi-
ence), and physical assets (e.g., access to water irrigation) had strong positive associa-
tions with categories denoting resiliency. Noticeably, social capital assets only had sig-
nificant effects (p < 0.05) with higher odds of adapting to water scarcity.

Our focus on smallholder farmers motivated the closer examination of capital asset
associations with resiliency contingent to total available farmland. As shown by statisti-
cally significant interaction effects, total farmland influenced the degree of association
with other capital assets such as number of household farm laborers and access to irri-
gation infrastructure. For instance, the sole effect of another household member work-
ing as farm labor was consistently detrimental to the ability to withstand water scarcity,
but this relation was influenced by total farm area. Farmland and number of household
farm laborers interactions, and their expected odd ratios of avoidance and adaptation are
depicted in Figures 3 and 4. In these, odds ratios above ‘1’ indicate a greater probability
of household resilience to water scarcity impacts. A general trend in both cases shows
that a larger number of farm laborers in a household reduced the odds of being resilient
(either avoid or adapt to water scarcity), but that ratio was reversed if a household had
more farmland. Regardless of number of family laborers, there was a turning point at
2.1 ha in the case of avoidance and 0.9 ha in the case of adaptation. An additional inter-
pretation of this trend is that having a larger number of farm laborers in a household was
associated with an increase in the odds of resilient farming systems—only if accompa-
nied by more farmland. This trend is more pronounced in increasing the odds of adapta-
tion among households with smaller farming areas.
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Fig.3 Odds ratios for probabilities of self-reported avoidance of, over inability to withstand, water scarcity
across selected farm size, and number of household farm laborers (1-4)
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Fig.4 Odds ratios for probabilities of self-reported adaptation, over inability, to withstand water scarcity
across selected total farm size, and number of household farm laborers (1-4)

5 Discussion

Disturbance in the form of water scarcity is one of the biggest risks faced by smallholder
farmers worldwide (Rockstrom, 2000). Water deserves special attention in resiliency
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studies since it is crucial in every aspect of farming and other forms of net primary produc-
tivity (Webb et al., 1978). However, water uneven distribution and accessibility contributes
to some farming areas being more exposed to the expected increase in incidence and mag-
nitude of drought (Mollinga, 2003). Particularly among smallholder farmers, it is critical to
better understand the resources that can enhance their resilience to water scarcity (Donovan
& Stoian, 2012).

5.1 Livelihood capitals associated with resilience to water scarcity: avoidance
and adaptation

Natural capital assets dominated positive associations with resiliency as access to water is
inherently important to prevent or alleviate the water scarcity impacts (Awazi & Quandt,
2021; Watich et al., 2014). In our sample, farmers with direct access to water sources were
consistently more likely to be in the avoidance or adaptation categories—over inability to
withstand it. This relationship highlights the sheer importance of bio-physical assets when
coping with water deficits. Consistent with what was reported by Namara et al. (2010)
farmers with direct access to water resources, often at higher altitudes within a watershed,
tend to be less prone to water scarcity. In our sample, access to financial resources showed
that on-average farmers at or above the 75th percentile of income and owning an additional
livestock unit were, respectively, 3.9 times and 4.0 times more likely to avoid or adapt to
water scarcity. Individual coefficients denoting main effects of financial resources (e.g.,
75th income percentile, number of animal units) were not statistically significant, which
suggests that resilience is more closely linked with both income and other financial assets
as is the case of animal units (Abdul-Razak & Kruse, 2017; Armabh et al., 2010).

Farming experience had a strong association with resilience with an additional 5 years
of experience associated with a 53.8% and 33.9% greater likelihood of being able to avoid
or adapt to water scarcity, respectively. As suggested by Defiesta and Rapera (2014) the
number of years of experience in farming is often highly correlated with the awareness,
knowledge, and skills necessary to withstand climate stressors. Another possible expla-
nation might be provided by anecdotal observations from key interviews—older farmers
might simply be more accustomed to the perception of being water scarce. We posit that
the more frequent exposure to this condition made them perceive that their livelihoods
were not as threatened, while less experienced farmers were still not used to dealing with
water scarcity.

The one asset that consistently showed a negative main association with resilience to
water scarcity was the number of household farm laborers. This finding has not previously
reported in similar studies using a livelihoods capital framework where a household size
had either no significant associations (Awazi & Quandt, 2021) or suggest a positive associ-
ation (Quandt, 2018). Else constant, an additional farm laborer in a household reduced the
odds of it being in the avoidance and adaptation categories. Intuitively, the greater availa-
bility of farm labor can offer a wider set of capabilities and strategies that would be benefi-
cial to resilient farm management (Eakin et al., 2011; Moser, 1998). With farmland being a
largely fixed capital asset, a growing household translates into fewer farming resources per
individual and often results in a less efficient use of labor and land (Scully, 1962). In our
particular sample there was an average of 5.3 laborers ha™' (SD=10.6) which highlights
the degree of limited farmland. As a household has more farm-dependent laborers, detri-
mental effects of stressors such as water scarcity more widely reduce the relative propor-
tion of income and other farm-level resources that sustain their livelihoods.
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5.2 Livelihood capitals associated with avoidance of, or adaptation to, water
scarcity impacts

Here, we focus on livelihood assets that had only a significant association with avoid-
ance or adaptation to water scarcity. Wider adoption of agroforestry was associated
with an increase in the odds of avoiding water scarcity. This was the only statistically
significant variable uniquely associated with avoidance of, but not adaptation to, water
scarcity. In Bantaeng District, cacao, coffee, and cloves are the most popular agrofor-
estry-based systems. Agroforestry adoption can support the avoidance of water scar-
city because the wider presence of trees can reduce evapotranspiration and regulate
water infiltration; thus, water demands and the likelihood of nutrient losses are reduced
(Nigussie et al., 2018; Roshetko, 2013). Others also found that the adoption of agrofor-
estry can contribute to diversified incomes, thus contributing to overall resiliency of
farming livelihoods (Quandt et al., 2019; Seruni et al., 2021).

The number of statistically significant coefficients shows that modeling the odds of
adapting to water scarcity over the inability to withstand it was more nuanced. Domi-
nant associations were those with social capital assets. For instance, willingness to
engage in collective action and participation in social groups increased the likelihood
to be able to adapt to water scarcity. Openness to collective action and participation
in social groups (e.g., farmer groups) can facilitate awareness of strategies to cope
with stressors and enhance information quality, relevance, and timeliness (Ellis, 2000).
Social ties strengthen reciprocity among community members and can directly contrib-
ute to farming resiliency (Martini et al., 2017; Portes, 1998), although such relation-
ships might be context-specific (Abdul-Razak & Kruse, 2017; Awazi & Quandt, 2021;
Seruni et al., 2021).

Having more transportation modes increased the odds of adaptation. A wider avail-
ability of transportation means can facilitate access to off-farm water sources. This was
observed during data collection in the specific case of motorbikes, where farmers, moti-
vated by a lower cost of ownership and use than of cars, were used to transport crop yields
and water in containers. Another form of transportation was horses from and to locations
of difficult terrain.

5.3 Livelihood capital asset interactions and resilience to water scarcity: farmland

Previous research in Indonesia has showed that small-scale farmers with greater access to
farmland can diversity their farming activities, thus contributing to being more financially
resilient (e.g., Seruni et al., 2021). In other contexts, farming areas have been positively
associated with increased resiliency to extreme weather (e.g., Awazi & Quandt, 2021). Dif-
ferent contexts and model specifications prevent direct comparisons, but a particular find-
ing in our study is the inverse association between higher odds of adaptation and family
size. Likely, this points to how, other capital assets constant, larger families are less capable
to cope with water scarcity (Legesse et al., 2018). However, that relationship is relaxed
for households who have greater farmland access. Empirically, we report that larger farm-
land areas reversed the detrimental effects of having more household members working as
household laborers. Instead having more family laborers can enhance household resiliency
with adequate access to farmland resources. This is evident when at least 2.1 ha farmland
was needed to outright avoid the effects of another farm laborer on the odds of inability to
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withstand water scarcity. Comparatively, only 0.9 ha was needed to improve the odds of
adapting to water scarcity when having an additional family laborer.

It is also worth noting how the average association of willingness to engage in collec-
tive action and the odds of adaptation was weakened with a household’s greater area of
land farmed by 41.5%. We posit that collective action is strongly associated with adapta-
tion to water scarcity as reported by many others (Awazi & Quandt, 2021; Maleksaeidi
et al., 2016; Seruni et al., 2021). However, the strength of this relationship tends to fade
over larger farming areas. Conversely, engagement in collective action had an even more
important association with the likelihood of adaptation among smaller farms, i.e., farms
with even less access to farmland had higher odds of adapting to water scarcity when also
engaged in collective action.

5.4 Public policy implications

Enhancing the capacity of smallholder farmers to adapt to extreme weather is essential to
attaining the United Nations’ Sustainable Development Goals of ‘No poverty,” and ‘Zero
hunger’ (FAO, 2020). The first policy implication we draw from our results is the impor-
tance of building resiliency within available resources and established farming practices.
Within our sample 62.5% of respondents reported to had either avoided or adapted their
livelihoods to the impacts of water scarcity which highlights smallholders’ capacity to cope
with climate shocks with current resources (Cohn et al., 2017). Specifically, we point to
the strong effects in access to irrigation infrastructure and agroforestry adoption to fully
avoid the impacts of water scarcity. Expanded access to irrigation will likely require public
investments in infrastructure, extension services, and research to maximize its resiliency
contributions and simultaneously support reductions in farming-related greenhouse gas
emissions (Campbell et al., 2011; FAO, 2020). Although our study did not test effects asso-
ciated with any new technology designed to cope with water scarcity, many (e.g., FAO,
2020) recognize that the potential benefits to smallholder farmers from new technologies
might be minimal, come at a high cost, and carry many uncertainties for which their adop-
tion will be unlikely. Thus, investments within known irrigation techniques and other farm-
ing approaches (including established agroforestry practices) might be strongly suited to
promptly help smallholder farmers avoid the impacts of water scarcity.

A second policy implication is the importance of supporting grassroot-level efforts
that encourage stronger social ties. Others have stressed the importance of spontaneous or
organized processes by which individuals and society adjust to a changing climate, yet, the
linkage between social capital and climate adaptability might be even more pronounced
among smallholder farmers. Among others, investments in social capital have been sug-
gested by Awazi and Quandt (2021) when reporting the importance of participation in agri-
cultural groups in supporting livelihood resilience of smallholder farmers in Kenya and
Cameroon. In Indonesia farming information is frequently provided by the Indonesian gov-
ernment, but final land management decisions tend to be more directly influenced by fellow
farmers, village leaders, and other peer groups (Seruni et al., 2021). Hence, policies that
facilitate local learning and empowerment among different stakeholders and local institu-
tions might directly contribute to more climate resilient households (Phuong et al., 2018).
Interventions that enhance social capital will likely be most fundamental to the resiliency
of smallholder farmers with the least access to land. To support access to land, across Indo-
nesia and other countries, legal accessibility and the right to usufruct from publicly owned
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parcels might be a tool to address this challenge while complementing social investments
(Seruni et al., 2021).

Our third policy implication is the importance of tailoring policy interventions to local
contexts (Campbell et al., 2011; FAO, 2020; OECD 2020). The complexity of dealing
with water resiliency stresses how public policy should invest in various livelihood capital
assets. For instance, our results recognize that access to diverse forms of capital will be
instrumental to support smallholder water scarcity resiliency. This is illustrated by how
household income and owning livestock jointly increased the odds of avoiding or adapting
to water scarcity, but there were no statistical associations of individual financial assets
in our sample. Apparently inconsistent evidence in the literature to how different capital
assets contribute to weather resiliency (e.g., Awazi & Quandt, 2021) might just be a reflec-
tion of local farming system intricacies. Policies addressing weather resiliency needs
should simultaneously consider existing contents and contexts to advance mitigation poten-
tial and complex links to food security, trade, land use and sustainable forestry policies
(Campbell et al., 2011; Cohn et al., 2017).

Lastly, public policy needs to recognize that some farmers will not be able to avoid nor
adapt to water scarcity. About a third of smallholder farmers in our sample had not been
able to withstand water scarcity even in recent weather conditions. OECD (2020) points to
the necessity of transforming farming livelihoods when the risks of entrenched incapacity
to cope with extreme weather are too high. A household’s capacity to transform might be
considered an extension of the capacity to adapt, but acknowledging the need for struc-
tural change may become increasingly necessary as climate change intensifies. The issue of
when policy toward climate resilience should shift to a paradigm of structural transforma-
tion, inclusive of some households who might need to become non-farmers, is highly con-
tested in long-term policy debates (Campbell et al., 2011; OECD 2020). The transforma-
tion of livelihoods is already evidenced around the world when smallholder farmers unable
to cope with climate stressors migrate to urban areas (Bhatta & Aggarwal, 2016). When
policy interventions, inclusive of those that fundamentally change livelihoods away from
farming, should engage in structural change over enhancing current livelihood resiliency is
a large and impending question for which longer-term data, analysis and public debate will
be necessary to answer it.

6 Conclusions

We found that smallholder farmer resilience to water scarcity was most strongly associ-
ated with biophysical assets within natural and physical capitals. Access to diverse finan-
cial assets (e.g., households within the highest income quartile with cashable animal units)
showed strong and consistent associations with greater odds of avoiding, and adapting to,
water scarcity. Smallholder farmer resiliency showed nuanced associations with human
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capital assets; farming experience had a major positive effect, but larger number of family
laborers showed a detrimental association among households with lesser access to farm-
land. Associations with social capital assets highlight the importance of smallholders’
group interaction and engagement in collective action to adapt to water scarcity.

Greater availability of some assets did not necessarily enhance resilience to water scar-
city. In particular, we note the inverse odds of either avoiding or adapting to water scarcity
with a larger number of household farm laborers. This relationship was extended to the
lower odds of adapting to water scarcity among larger households. But our results also
point to how access to farmland can reduce such detrimental associations. Within our sam-
ple, having at least 2.1 ha enhanced the odds of avoiding the impacts of water scarcity
associated with another family laborer. That threshold was a lower 0.9 ha to enhance the
odds of adaptation. We also stress the importance of engaging in collective action among
smallholder farmers with the least access to farmland in order to adapt to water scarcity.

Our results have various policy implications. Among them, development programs
that facilitate access to farmland and irrigation, and adoption of agroforestry practices can
immediately support smallholder farmer resilience to water scarcity. Grassroot-level efforts
that encourage stronger social ties can help smallholder farmers adapt to water scarcity.
Such type of enhanced social capital will be most instrumental to smallholder farmers
with the least access to land. Although our findings are specific to the context of South
Sulawesi, we stress the complexity of water resiliency for which public policy should invest
in various livelihood capital assets to support smallholder farmers’ capacity to cope with
water scarcity. The complexity of the association between capital assets and resilience to
water scarcity is further illustrated by how household income and owning livestock jointly
increased the odds of avoiding or adapting to water scarcity, but there were no statistical
associations of individual financial assets. However, policy will also need to recognize that
some smallholder farmers will be very unlikely to withstand water scarcity in the future for
which approaches designed to transform their current livelihoods will be needed.

Appendix 1

See Table 6.
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Appendix 2

See Table 7.

Acknowledgements This research was partly funded by US Agency for International Development and
the Center for International Forestry Research (CIFOR) through the Governing Oil Palm Landscapes for
Sustainability project in collaboration with the University of Missouri, and the US Department of Agri-
culture under Mclntire-Stennis project number MO-NRSL0893. We thank the project ‘Agroforestry and
Forestry in Sulawesi: Linking Knowledge with Action’ sponsored by the Government of Canada (Contribu-
tion Arrangement no. 7056890) for fundamental background information to contextualize this research. The
study would have not been possible to complete without support from the World Agroforestry Centre and
the University of Missouri’s School of Natural Resources and Center for Agroforestry. We thank enumera-
tors in Bantaeng District who assisted with face-to-face surveys. The views presented in this paper may not
represent those of the above-mentioned individuals and organizations. Any errors remain the sole responsi-
bility of the authors.

Authors Contributions All authors contributed to the design of the study. DH collected primary data with
support from local enumerators. FA, DH, and ZC analyzed the data. FA and DH led writing of the manu-
script. JR and JS contributed to data interpretation and implications. All authors agree to submission of the
manuscript.

Funding Open access funding provided by Swedish University of Agricultural Sciences. This research was
partly funded by United States Agency for International Development and the Center for International For-
estry Research (CIFOR) through the Governing Oil Palm Landscapes for Sustainability project in collabora-
tion with the University of Missouri, and the US Department of Agriculture under Mclntire-Stennis project
number MO-NRSLO0893 and Agricultural Research Service agreement number 58-6020-0-007. We thank
the project ‘Agroforestry and Forestry in Sulawesi: Linking Knowledge with Action” sponsored by the Gov-
ernment of Canada (Contribution Arrangement no. 7056890) for fundamental background information to
contextualize this research. Any opinions, findings, conclusions, and recommendations expressed in this
publication are those of the authors and do not necessarily reflect the view of funding agencies.

Declarations

Conflict of interest The authors declare that they do not have any conflict of interest.

Code and data availability Anonymized data archived in the open access Data MO Space repository. STATA
program will be made available online too.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abdul-Razak, M., & Kruse, S. (2017). The adaptive capacity of smallholder farmers to climate change in
the Northern Region of Ghana. Climate Risk Management, 17, 104—122.

Adato, M. and Meinzen-Dick, R.S. (2002). Assessing the impact of agricultural research on poverty using
the sustainable livelihoods framework (No. 581-2016-39396).

Adler, P. S., & Kwon, S. W. (2002). Social capital: Prospects for a new concept. Academy of Management
Review, 27(1), 17-40.

@ Springer


http://creativecommons.org/licenses/by/4.0/

Smallholder farmer resilience to water scarcity

Aguilar, F. X., & Cai, Z. (2010). Conjoint effect of environmental labeling, disclosure of forest of origin
and price on consumer preferences for wood products in the US and UK. Ecological Economics, 70,
308-316.

Ai, C., & Norton, E. (2003). Interaction terms in logit and probit models. Economics Letters, 80, 123—129.

Altieri, M. A., Funes-Monzote, F. R., & Petersen, P. (2012). Agroecologically efficient agricultural systems
for smallholder farmers: contributions to food sovereignty. Agronomy for Sustainable Development,
32(1), 1-13.

Armabh, F. A., Yawson, D. O., Yengoh, G. T., Odoi, J. O., & Afrifa, E. K. (2010). Impact of floods on liveli-
hoods and vulnerability of natural resource dependent communities in Northern Ghana. Water, 2(2),
120-1309.

Awazi, N. P, & Quandt, A. (2021). Livelihood resilience to environmental changes in areas of Kenya and
Cameroon: A comparative analysis. Climatic Change, 165, 33.

Barbieri, C., & Aguilar, F. X. (2011). The ius in re model to analyze users rights within complex property
regimes: Two ex post applications in South America. Society and Natural Resources., 24(3), 292-302.

Bebbington, A. (1999). Capitals and capabilities: a framework for analyzing peasant viability, rural liveli-
hoods and poverty. World Development, 27(12), 2021-2044.

Bhatta, G. D., & Aggarwal, P. K. (2016). Coping with weather adversity and adaptation to climatic vari-
ability: A cross-country study of smallholder farmers in South Asia. Climate and Development, 8(2),
145-157.

Biggs, R., Schliiter, M., & Schoon, M. (2015). Principles for building resilience: Sustaining ecosystem ser-
vices in social-ecological systems. Cambridge: Cambridge University Press.

Campbell, B., Mann, W., Meléndez-Ortiz, R., Streck, C., Tennigkeit, T., & Vermeulen, S. (2011). Agricul-
ture and climate change: A scoping report. Meridian Institute.

Carney, D. (1998). Sustainable livelihoods. Sustainable livelihoods: What contribution can we make.
Department for International Development.

Carpenter, S., Walker, B., Anderies, J. M., & Abel, N. (2001). From metaphor to measurement: Resilience
of what to what? Ecosystems, 4(8), 765-781.

Cheng, S., & Long, J. S. (2007). Testing for IIA in the multinomial logit model. Social Method Research,
35(4), 409-421.

Clark, W. (2007). Sustainability science: A room of its own. Proceedings of the National Academy of Sci-
ences., 104(6), 1737-1738.

Cohn, A. S., Newton, P., Gil, J. D., Kuhl, L., Samberg, L., Ricciardi, V., Manly, J. R., & Northrop, S.
(2017). Smallholder agriculture and climate change. Annual Review of Environment and Resources,
42, 347-3175.

Collins, M., R. Knutti. (2013). Long-term climate change: Projections, commitments and irreversibility. In:
Climate change 2013: the physical science basis. contribution of working group I to the fifth assess-
ment report of the intergovernmental panel on climate change. T.F. Stocker, D. Qin, G.-K. Plattner, M.
Tignor, S.K. Allen, J. Doschung, A. Nauels, Y. Xia, V. Bexand P.M. Midgley, Eds. Cambridge Univer-
sity Press, 1029-1136.

Crawford, .M. 1997. Chapter 5: personal interviews. Marketing Research and Information Systems. Food
and Agriculture Organization of the United Nations. Available at: www.fao.org/docrep/w3241e/w3241
€00.htm

Damkjaer, S., & Taylor, R. (2017). The measurement of water scarcity: Defining a meaningful indicator.
Ambio, 46(5), 513-531.

Defiesta, G. D., & Rapera, C. L. (2014). Measuring adaptive capacity of farmers to climate change and vari-
ability: Application of a composite index to an agricultural community in the Philippines. Journal of
Environmental Science and Management., 17(2), 48-62.

Demnati, A., & Rao, J. (2010). Linearization variance estimators for model parameters from complex sur-
vey data. Survey Methodology, 36(2), 193-201.

DFID, U. K. (1999). Sustainable livelihoods guidance sheets (p. 445). DFID.

Dillman, D. A. (2011). Mail and internet surveys: The tailored design method—2007 update with new inter-
net, visual and mixed-mode guide. John Wiley and Sons.

Donovan, J., & Stoian, D. (2012). Five Capitals: A tool for assessing the poverty impacts of value chain
development. Turrialba: CATIE.

Eakin, H., Bojorquez-Tapia, L. A., Diaz, R. M., Castellanos, E., & Haggar, J. (2011). Adaptive capacity
and social-environmental change: theoretical and operational modeling of smallholder coffee systems
response in Mesoamerican Pacific Rim. Environmental Management, 47(3), 352-367.

Ellis, F. (2000). Rural Livelihoods and diversity in developing countries. Oxford University Press.

@ Springer


http://www.fao.org/docrep/w3241e/w3241e00.htm
http://www.fao.org/docrep/w3241e/w3241e00.htm

F. X. Aguilar et al.

Emmanuel-Yusuf, D., Morse, S., & Leach, M. (2017). Resilience and livelihoods in supply chains
(RELISC): An analytical framework for the development and resilience of the UK wood fuel sector.
Sustainability, 9(4), 660.

FAO [Food and Agriculture Organization of the United Nations] 2011. Guidelines for the preparation of
livestock sector reviews. Animal Production and Health Guidelines. No. 5. Rome.

FAO [Food and Agriculture Organization of the United Nations] 2018. Smallholders data portrait. Available
at www.fao.org/family-farming/data-sources/dataportrait/farm-size/en

FAO. 2020. Policy Brief: Supporting climate adaptation in smallholder agriculture. Economic and Policy
Analysis of Climate Change. Online at http://www.fao.org/3/cb1768en/CB1768EN.pdf

FAO, IFAD, UNICEF, WFP and WHO. 2018. The State of Food Security and Nutrition in the World 2018.
Building climate resilience for food security and nutrition. Rome, FAO, CC BY-NC-SA 3.0 IGO.

Folke, C., Carpenter, S., Walker, B., Scheffer, M., Chapin, T.and Rockstrom, J. (2010). Resilience thinking:
Integrating resilience, adaptability and transformability. Ecology and Society. 15(4). https://www.ecolo
gyandsociety.org/.

Greene, W. H. (2011). Econometric Analyses (7th ed.). Pearson Education Inc.

Hanjra, M. A., & Qureshi, M. E. (2010). Global water crisis and future food security in an era of climate
change. Food Policy, 35(5), 365-377.

Hausman, J. A., & McFadden, D. (1981). Specification tests for the multinomial logit model. Econometrica,
52(5), 1219-1240.

Kang, Y., Khan, S., & Ma, X. (2009). Climate change impacts on crop yield, crop water productivity and
food security—A review. Progress in Natural Science, 19(12), 1665-1674.

Knutsson, P., & Ostwald, M. (2006). A process-oriented sustainable livelihoods approach—a tool for
increased understanding of vulnerability, adaptation and resilience. Mitigation and Adaptation Strate-
gies for Global Change: Springer.

Kumar Nath, T., Makoto, I., & Pretty, J. (2010). Formation and function of social capital for forest resource
management and the improved livelihoods of indigenous people in Bangladesh. Journal of Rural and
Community Development., 5(3), 104-122.

Langridge, R., Christian-Smith, J. and Lohse, K.A. (2006). Access and resilience: Analyzing the construc-
tion of social resilience to the threat of water scarcity. Ecology and Society, 11(2).

Legesse, T., Firew, M., Adugna, W.and Tadele, Z. 2018. Correlation and path coefficient analysis of yield
and quality components of garden cress (Lepidium sativum L.) genotypes in Ethiopia. Journal of Plant
Breeding and Crop Science, 10(10), 290-297.

Liu, W.,, Li, J., Ren, L., Xu, J., Li, C., & Li, S. (2020). Exploring livelihood resilience and its impact on live-
lihood strategy in rural China. Social Indicators Research, 150(3), 977-998.

MacMillan, L.and Liniger, H.P. 2005. Monitoring and modelling for the sustainable management of water
resources in tropical mountain basins: The Mount Kenya example. In Global Change and Mountain
Regions (605-616). Springer, Dordrecht.

Maleksaeidi, H., Karami, E., Zamani, G. H., Rezaei-Moghaddam, K., Hayati, D., & Masoudi, M. (2016).
Discovering and characterizing farm households’ resilience under water scarcity. Environment, Devel-
opment and Sustainability, 18(2), 499-525.

Martini, E., Roshetko, J. M., & Paramita, E. (2017). Can farmer-to-farmer communication boost the dis-
semination of agroforestry innovations? A case study from Sulawesi. Indonesia. Agroforestry Systems,
91(5), 811-824.

Mehta, L. 2003. Contexts and constructions of water scarcity. Economic and political weekly, 5066-5072.

Mollinga, P.P., (2003). On the waterfront: Water distribution, technology and agrarian change in a
South Indian canal irrigation system. Orient Blackswan.

Moser, C. O. (1998). The asset vulnerability framework: reassessing urban poverty reduction strategies.
World DevelopMent, 26(1), 1-19.

Mulyoutami, E., Martini, E.and Khususiyah, N. 2012. Agroforestry and Forestry in Sulawesi series: gen-
der, livelihood and land in south and southeast Sulawesi. ICRAF Working Paper-World Agrofor-
estry Centre, (158).

Mutenje, M. J., Farnworth, C. R., Stirling, C., Thierfelder, C., Mupangwa, W., & Nyagumbo, I. (2019).
A cost-benefit analysis of climate-smart agriculture options in Southern Africa: Balancing gender
and technology. Ecological Economics, 163, 126—137.

Namara, R. E., Hanjra, M. A., Castillo, G. E., Ravnborg, H. M., Smith, L., & Van Koppen, B. (2010).
Agricultural water management and poverty linkages. Agricultural Water Management, 97(4),
520-527.

Nelson, R., Kokic, P., Crimp, S., Martin, P., Meinke, H., Howden, S. M., de Voil, P., & Nidumolu, U.
(2010). The vulnerability of Australian rural communities to climate variability and change: Part
II—Integrating impacts with adaptive capacity. Environmental Science and Policy, 13(1), 18-27.

@ Springer


http://www.fao.org/family-farming/data-sources/dataportrait/farm-size/en
http://www.fao.org/3/cb1768en/CB1768EN.pdf
https://www.ecologyandsociety.org/
https://www.ecologyandsociety.org/

Smallholder farmer resilience to water scarcity

Nigussie, Y., van der Werf, E., Zhu, X., Simane, B., & van Ierland, E. C. (2018). Evaluation of climate
change adaptation alternatives for smallholder farmers in the upper blue-nile basin. Ecological
Economics, 151, 142—-150.

OECD (Organisation for Economic Co-operation and Development). (2020). Strengthening Agricultural
Resilience in the Face of Multiple Risks. OECD Publishing.

Phuong, L. T. H., Wals, A., Sen, L. T. H., Hoa, N. Q., Van, Lu., & P. and Biesbroek, R. . (2018). Using
a social learning configuration to increase vietnamese smallholder farmers’ adaptive capacity to
respond to climate change. Local Environment, 23(8), 879-897.

Portes, A. (1998). Social capital: Its origins and applications in modern sociology. Annual Review of
Sociology, 24(1), 1-24.

Quandt, A. (2018). Measuring livelihood resilience: The household livelihood resilience approach
(HLRA). World Development, 107, 253-263.

Quandt, A. (2019). Variability in perceptions of household livelihood resilience and drought at the inter-
section of gender and ethnicity. Climatic Change, 152, 1-15.

Quandt, A., Neufeldt, H. and McCabe, J. (2017). The role of agroforestry in building livelihood resil-
ience to floods and drought in semiarid Kenya. Ecology and Society. 22(3).

Quandt, A., Neufeldt, H., & McCabe, J. (2019). Building livelihood resilience: What role does agroforestry
play? Climate and Development, 11(6), 485-500.

Quinlan, A. E., Berbés-Blazquez, M., Haider, L. J., & Peterson, G. D. (2016). Measuring and assessing resil-
ience: Broadening understanding through multiple disciplinary perspectives. Journal of Applied Ecology,
53(3), 677-687.

Rapsomanikis, G. (2015). The economic lives of smallholder farmers: An analysis based on household data
from nine countries. Food and Agriculture Organization of the United Nations.

Rijsberman, F. R. (2006). Water scarcity: fact or fiction? Agricultural Water Management, 80(1-3), 5-22.

Rockstrom, J. (2000). Water resources management in smallholder farms in Eastern and Southern Africa:
An overview. Physics and Chemistry of the Earth, Part B: Hydrology, Oceans and Atmosphere, 25(3),
275-283.

Roschel, L., Graef, F., Dietrich, O., Schifer, M., & Haase, D. (2018). Individual local farmers’ perceptions of
environmental change in Tanzania. Water, 10(4), 525.

Roshetko, J.M. 2013. Smallholder tree farming systems for livelihood enhancement and carbon storage. IGN
PhD Thesis August 2013. Department of Geosciences and Natural Resource Management, University of
Copenhagen, Frederiksberg.

Schlager, E., & Ostrom, E. (1992). Property-rights regimes and natural resources: A conceptual analysis. Land
Economics, 68, 249-262.

Scoones, 1. (1998). Sustainable rural livelihoods: A framework for analysis, IDS Working Paper 72.

Scoones, 1. (2009). Livelihoods perspectives and rural development. The Journal of Peasant Studies, 36(1),
171-196.

Scully, J. (1962). The influence of family size on efficiency within the farm. Journal of Agricultural Econom-
ics, 15(1), 116-121.

Seruni, A. P., Aguilar, F. X., Cai, Ze., Gold, M., & Roshetko, J. (2021). Parcelized cut-and-carry agroforestry
systems for confined livestock. Small-Scale Forestry., 20, 119-143.

Shinbrot, X. A., Jones, K. W., Rivera-Castaiieda, A., Lopez-Béez, W., & Ojima, D. S. (2019). Smallholder
farmer adoption of climate-related adaptation strategies: The importance of vulnerability context live-
lihood assets and climate perceptions. Environmental Management, 63(5), 583-595.

Sina, D., Chang-Richards, A. Y., Wilkinson, S., & Potangaroa, R. (2019). What does the future hold for relo-
cated communities post-disaster? Factors affecting livelihood resilience. International Journal of Disas-
ter Risk Reduction, 34, 173—-183.

Small, K., & Hsiao, C. (1985). Multinomial Logit Specification Tests. International Economic Review, 26,
619-627.

Stehr, N., & Von Storch, H. (1995). The social construct of climate and climate change. Climate Research,
5(2), 99-105.

Tsuchiya, S., Sasahara, K., Shuin, S., & Ozono, S. (2009). The large-scale landslide on the flank of caldera in
South Sulawesi. Indonesia. Landslides, 6(1), 83-88.

Turner, B. L. (2010). Vulnerability and resilience: Coalescing or paralleling approaches for sustainability sci-
ence? Global Environmental Change, 20, 570-576.

Verchot, L. V., Van Noordwijk, M., Kandji, S., Tomich, T., Ong, C., Albrecht, A., Mackensen, J., Bantilan, C.,
Anupama, K. V., & Palm, C. (2007). Climate change: Linking adaptation and mitigation through agrofor-
estry. Mitigation and Adaptation Strategies for Global Change, 12(5), 901-918.

Walker, B., Holling, C.S., Carpenter, S.and Kinzig, A. (2004). Resilience, adaptability and transformability in
social-ecological systems. Ecology and Society, 9(2).

@ Springer



F. X. Aguilar et al.

Webb, W., Szarek, S., Lauenroth, W., Kinerson, R., & Smith, M. (1978). Primary productivity and water use in
native forest, grassland, and desert ecosystems. Ecology, 59(6), 1239-1247.

Williges, K., Mechler, R., Bowyer, P., & Balkovic, J. (2017). Towards an assessment of adaptive capacity of
the European agricultural sector to droughts. Climate Services, 7, 47-63.

World Bank Group. 2019. Climate change knowledge portal. Indonesia: Projections. Available at: https://clima
teknowledgeportal.worldbank.org/country/indonesia/climate-data-projections

Watich, A., White, A. C., White, D. D., Larson, K. L., Brewis, A., & Roberts, C. (2014). Hard paths, soft paths
or no paths? Cross-cultural perceptions of water solutions. Hydrology and Earth System Sciences, 18(1),
109-120.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://climateknowledgeportal.worldbank.org/country/indonesia/climate-data-projections
https://climateknowledgeportal.worldbank.org/country/indonesia/climate-data-projections

	Smallholder farmer resilience to water scarcity
	Abstract
	1 Introduction
	2 Theoretical framework: livelihood capitals and resilience to water scarcity impacts
	3 Methods
	3.1 Study area
	3.2 Survey instrument and data collection
	3.3 Econometric analysis
	3.4 Study limitations

	4 Results
	4.1 Descriptive statistics
	4.2 Multinomial logistic regression
	4.2.1 Avoidance of—over inability to withstand—water scarcity
	4.2.2 Adaptation to—over inability to withstand—water scarcity
	4.2.3 Assets with no statistical association with resilience to water scarcity

	4.3 Capital assets contributing to overall resilience to water scarcity

	5 Discussion
	5.1 Livelihood capitals associated with resilience to water scarcity: avoidance and adaptation
	5.2 Livelihood capitals associated with avoidance of, or adaptation to, water scarcity impacts
	5.3 Livelihood capital asset interactions and resilience to water scarcity: farmland
	5.4 Public policy implications

	6 Conclusions
	Acknowledgements 
	References




