
Vol.:(0123456789)

SN Applied Sciences (2020) 2:436 | https://doi.org/10.1007/s42452-020-2227-0

Research Article

Social vulnerability of smallholder farmers to climate change 
in Zambia: the applicability of social vulnerability index

William Kwadwo Dumenu1,2 · Xavier Takam Tiamgne3

Received: 25 June 2019 / Accepted: 10 February 2020 / Published online: 18 February 2020 
© Springer Nature Switzerland AG 2020

Abstract
This study assesses social vulnerability and coping strategies of smallholder farmers in two districts in Zambia and the 
applicability of the social vulnerability index (SVI) approach. Household data from 194 households were collected for 
the assessment of vulnerability and coping strategies. Using six demographic, economic and social indicators, farmers in 
Chirundu district were found to be more vulnerable to climate change than those in Masaiti district having recorded SVI 
of 0.47 and 0.41, respectively. Economic factors (low income level; less diversified sources of income) and social factors 
(low level of ownership of radio or television; low level of access to climate change information) influenced the vulner-
ability level of farmers in Chirundu district. Most engaged coping strategies were planting of drought tolerant species, 
varying the timing of planting, crop diversification, reliance on government assistance and engagement in non-farm jobs. 
The study makes practical recommendations on how to improve adaptive capacity and resilience of smallholder farmers 
against climate change impacts. To help tailor the SVI approach for placed-based assessment of social vulnerability to 
climate change, the paper concludes with recommendations on validity, interrelationships, weighting and aggregation 
of indicators and scale of application (spatial and temporal) regarding the development and use of SVI.
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1 Introduction

Climate change remains one of the critical issues affecting 
Zambia’s socio-economic development. Drought and dry 
spells, seasonal and flash floods and extreme temperatures 
are climate change impacts that the country is experienc-
ing with adverse consequences for food and water secu-
rity, water quality, energy and sustainable livelihoods of 
rural communities [29, 34]. In terms of sectoral impact, 
agriculture, forestry and water are the most affected [21, 
33]. Climate change effect in the agricultural sector alone 
leaves 60% of the Zambian population vulnerable and in 
danger of livelihood insecurity [33]. Smallholder farmers 
on whose shoulders the Zambian agricultural sector rests 

would be adversely affected. Climate change impact is also 
felt in the three agro-ecological regions (AER) of Zambia 
with each of the regions experiencing a set of peculiar 
impacts. AER I and II are highly vulnerable to frequent cli-
mate-induced drought [32. As a result, suitable arable area 
for staple food production of these two agro-ecological 
regions has shrunk by 80% and has become drier due to 
decline in annual rainfall of 58 mm (6%) [33]. AER III is vul-
nerable to flooding with potential consequences for crop 
loss due to waterlogging and run-off.

In spite of the stark reality of climate change in Zambia, 
the country is ranked as 59th least ready and 37th most 
vulnerable among the countries assessed in 2017 by the 
Notre Dame’s ND-GAIN Index Country Rankings [35]. 
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Therefore, in the effort to addressing climate change issues 
in Zambia, the Environmental Council of Zambia (ECZ) has 
conducted a number of studies to assess the vulnerability 
of all sectors (e.g. forestry, agriculture, water, health) and 
potential adaptation to climate change [21]. The aim is to 
understand the magnitude of the threat posed by climate 
change and determine effective adaption or mitigation 
measures. However, these studies focused on the threat of 
biophysical factors without considering the social dimen-
sions of climate change vulnerability which is critical in 
determining the level of vulnerability within a community 
or country. Adger et al. [2, 3] have highlighted the defi-
ciency of impact-driven (biophysical) vulnerability assess-
ment in determining and explaining the underlying causes 
of vulnerability of different social groups. Hence, it is worth 
noting that vulnerability of populations to climatic condi-
tions cannot be solely understood through the quantifi-
cation of biophysical impacts, but that both physical and 
social factors interact to characterize a system’s vulner-
ability to climate change [1, 58]. Therefore, understand-
ing the impacts of climate change is inseparably linked 
with the human conditions that create resilience or vul-
nerability to that event [40]. Assessing social dimensions 
of climate change vulnerability is crucial to identifying the 
social, economic, demographic, institutional and political 
factors that influence vulnerability or resilience to climate 
change and variability. Such knowledge helps in ascer-
taining options that promote or constraint adaptation or 
mitigation measures [28]. It also informs policymakers in 
devising interventions that can help households and com-
munities to improve their capacities to adapt to climate 
change impacts and reduce their vulnerability.

Despite the relevance of assessing the social dimen-
sions of climate change vulnerability, no study has 
assessed the underlying socio-economic and demo-
graphic factors that influence social groups, households 
and communities’ vulnerability to climate change in Zam-
bia. This study fills this gap by assessing the social vulner-
ability of smallholder farmers to climate change in two 
districts in Zambia using the social vulnerability index 
(SVI) approach. It subsequently discusses the applicabil-
ity of the SVI approach in relation to indicator selection 
and validity, weighting, and aggregation and scale of 
application (spatial and temporal). In addition, the study 
identifies locally evolved coping strategies to climate 
change to demonstrate how smallholder farmers cope 
with climate change impacts. The results of this study illus-
trate how policymakers can identify where actions may 
be taken to reduce vulnerability and help social groups 
and communities overcome the challenges they face in 
implementing adaptation strategies and enhancing their 
adaptive capacity. The perspective shared on the applica-
bility of the SVI approach contributes to ensuring the best 

use of the approach for placed-based social vulnerability 
assessment. It is envisaged that results from this seminal 
work on social vulnerability in Zambia will inspire further 
research on social dimensions of climate change vulner-
ability in Zambia to help generate well-informed policies 
and interventions that address the underlying factors of 
vulnerability.

2  Concept and definition: social 
vulnerability to climate change

The Intergovernmental Panel on Climate Change (IPCC) 
defines vulnerability as the degree to which a system is 
susceptible to or unable to cope with adverse effects of 
climate change, including climate variability and extremes. 
It is a function of the character, magnitude and rate of 
climate variation to which a system is exposed, its sen-
sitivity and adaptive capacity [27]. Exposure refers to the 
direct danger (i.e. the stressor), and the nature and extent 
of changes to climate variables (e.g. temperature, rain-
fall, extreme weather events). Sensitivity describes the 
human–environmental conditions that determine the 
response of a given system to climate change. These con-
ditions moderate the nature of the impact of the stressor. 
Adaptive capacity relates to the potential to implement 
adaptation measures that help avert potential impacts 
[23]. Exposure as a component of vulnerability relates to 
changes in the climate itself, while the remaining com-
ponents, sensitivity and adaptive capacity are about the 
properties [38] or the inherent characteristics of the sys-
tem being exposed to the stressor [46]. The proprieties, 
inherent characteristics, state or condition of the system, 
people or social groups exposed to climate change are 
largely influenced by livelihood characteristics [46], access 
to economic resources, access to information, infrastruc-
tural development, institutions, kinship network, literacy 
levels, skills, equity and political influence [7, 47] and eco-
logical conditions [20]. Vulnerability to climate change var-
ies greatly among regions, sectors and social groups due 
to climatic and geographic heterogeneity, and differences 
in physical and social factors that influence a system or 
people’s adaptive capacity.

Consequently, vulnerability has both physical and social 
dimensions. The physical dimension of vulnerability relates 
to exposure and is a measure of the natural hazard or envi-
ronmental stressor(s) [57]. Social dimension of vulnerabil-
ity termed ‘social vulnerability’ [5, 28], ‘contextual vulner-
ability’ [38] or ‘second generation adaptation research’ [9] 
focuses on the capacity or pre-existing state of the system 
and is related to the socio-economic, demographic and 
institutional factors that characterize the capacity of the 
system, population or individuals [8, 44, 49, 50]. Blaikie 
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et al. [5] also asserted that vulnerability to natural haz-
ard has a social component (social vulnerability) which 
is determined by socio-economic factors such as income 
distribution, assets, ethnicity, gender, poverty and source 
of livelihood. Following this understanding and characteri-
zation of social vulnerability, this paper adopts Dumenu 
and Obeng [15] definition of social vulnerability to climate 
change as the degree to which a system is susceptible to 
the effects of climate change due to the interaction of 
socio-economic and demographic factors. Accordingly, 
this study integrates demographic, economic and social 
factors to assess social vulnerability to climate change 
through a set of indicators that represent the factors of 
social vulnerability. It is expressed below:

where SV is social vulnerability, DF is demographic factors, 
EF is the economic factors and SF is social factors, and n is 
number of social vulnerability factors.

2.1  Social vulnerability to climate change: 
determining factors and indicators

Thus far, it is clear that vulnerability to climate change has 
social dimensions and is characterized by economic, social, 
demographic, institutional and political factors [13, 23, 28, 
53, 54]. Dwelling on three of the factors (economic, demo-
graphic and social) influencing social vulnerability to cli-
mate change, the theoretical arguments and assumptions 
relating to the factor-vulnerability functional relationship, 
and their respective indicators are elaborated below and 
presented in Table 1.

Economic factors: there is consensus that strong econ-
omy acts as a safety net in the case of environmental risk 
and hazard exposure, both pre-event through enabling 
anticipatory coping strategies and post-event in respond-
ing to a shock [8, 10]. Thus, communities, households and 
individuals with strong economic situation display resil-
ience in case of environmental risk and exposure by draw-
ing on other resources to maintain their livelihoods and 
cope with the adverse effects of the hazardous events. 
Their strong economic situation enables them to develop 
their anticipatory adaptive capacity to reduce their vulner-
ability. On the other hand, those with limited economic 
entitlements have very limited or very narrow range of 
alternatives to enhance their capacity to withstand adverse 
effects of environmental risks such as climate change. This 
renders them less resilient and more vulnerable to envi-
ronmental risk and exposure. Also, economic activities that 
are highly dependent on climate-sensitive production and 
heavily reliant on natural resources are particularly vulner-
able to environmental shocks [45, 53]. Indicators such as 

(1)SV = f ⋅
[

1

n
(DF + EF + SF)

]

occupation, type of economic activities, material wealth 
and income are used in assessing economic factors that 
contribute to climate change vulnerability or resilience 
of communities, households or individuals. In this study, 
diversified sources of income and household income level 
are used as indicators of economic factors to assess its con-
tribution to climate change vulnerability.

Diversified sources of income has been shown to 
improve people’s capacity in the time of crisis since it pro-
vides some form of welfare insurance against shocks [15]. 
Because their livelihood is derived from different income 
sources, it minimizes their exposure to the impacts of 
adverse events such as climate change. The greater the 
diversity of income sources, and the variability of those 
income sources across time, the greater the resilience of 
livelihood to disruptions [1]. On the other hand, depend-
ence on a narrow range of income sources is an element of 
vulnerability [1]. Income level of households or individuals 
also influences vulnerability. High income level provides 
economic security and stability; hence, the ability to draw 
on alternative entitlements and access resources in the 
face of shock which in turn enhances their resilience. Low 
income level is associated with low-paying jobs which 
most often are unstable means of employment [31]. These 
may include domestic service jobs (house cleaning, yard 
work, child-care), petty trading, etc. In times of crisis or 
shocks, these jobs are lost or considerably reduced owing 
to lowering of income of those needing such services [30]. 
Thus, households or individuals with low income levels are 
unable to secure their livelihood in times of shock thereby 
increasing their vulnerability to environmental stressors 
such as climate change [15, 59].

Demographic factors: the structure and composition 
of populations as characterized by age, household size, 
dependency ratio, literacy, gender, proportion of popu-
lation that is economically active, etc. are found to influ-
ence the resilience or vulnerability to climate change. For 
example, a population of high proportion of economically 
active ones are able to engage in productive economic 
activities, access additional and or alternative livelihood 
options, and improve their income level to enhance their 
adaptive capacity in case of stress resulting from climate 
change and variability. This study uses household size and 
literacy as indicators to assess demographic factors that 
contribute to climate change vulnerability.

Households with large number of dependents often 
direct larger proportion of their resources (finance, time) 
towards the welfare of the household members [5, 37, 
43, 59], leaving them with little resources to access addi-
tional and or alternative livelihood options to enhance 
their capacity against the impact of climate change and 
variability. High level of literacy reduces vulnerability by 
increasing the ability to access and understand climate 
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events and impact-related warning, adaption and recov-
ery information [7, 41]. Also, high educational attainment 
provides the prospects of high earnings, and employability 
in non-climate-sensitive jobs which reduces vulnerability 
to climate change and variability [6, 7, 31]. Lower level of 
education constrains the ability to understand warning 
information and access to recovery information.

Social factors: these are factors related to beliefs, social 
networks and ethnicity that influence the thought, choices 
and behaviour of individuals, groups or communities [15], 
and are interrelated. For instance, beliefs may be influ-
enced by access to information, while social networks that 
persons or households belong as well as ownership and 
use of media gadgets may influence the channel of infor-
mation delivery and access to information. Besides, before, 
during and after exposure to environmental stressors, 
social networks serve as sources for social and economic 
support. All these factors impact on the capacity of indi-
viduals, households or communities’ respond to climate 
change and variability. To assess the influence of social fac-
tors to climate change vulnerability, ownership of media 
gadgets such as television or radio, and access to climate 
change information were used as indicators in this study.

Access to information and communication infrastruc-
ture influences vulnerability [5] and helps build communi-
ties’ adaptive capacity [11]. Televisions and radios serve as 
an access point to information related to climate change 
impacts, early warning and adaptation options. The use 
of these devises does not require high levels of literacy 
or formal education, hence their role in mediating vul-
nerability across a range of persons, households or social 
groups. Ownership of media devises alone is not enough 
to mediate vulnerability. Access to specific information on 
climate change such as early warning and adaptation or 
coping measures substantially reduces vulnerability in the 
face of environmental stressors. Accessing climate change 
information whatever form it may be essentially build the 
adaptive capacity of individuals, households and commu-
nities exposed to climate change and variability.

3  Methodology

3.1  Study area

The study was conducted in two districts namely, Chirundu 
and Masaiti located in agro-ecological regions I and III, 
respectively (Fig. 1). Chirundu is located in the Lusaka 
province, while Masaiti is located in the Copperbelt prov-
ince. These areas were selected for the study because of 
their contrasting climatic features (semi-arid/humid-wet) 
and livelihood characteristics. Chirundu located in AER I 
is characterized by very hot weather with temperatures 

reaching about 50 °C in summer and a low average annual 
rainfall of less than 800 mm [19, 24]. The district thrives on 
agriculture and tourism. AER I (the region where Chirundu 
is located) is semi-arid, and its temperatures tend to be 
higher than elsewhere in the country. The main livelihood 
activities in the region include cereal production, fishing 
along main rivers, animal rearing and tourism in parks and 
lakes located within the region. The quantity and quality of 
market infrastructure and general physical access within 
the zone are generally less well-developed compared with 
other parts of the country [19].

Masaiti district located in AER III is characterized by 
high annual rainfall (1000–1500 mm). It has a tropical 
climate with two distinct seasons, the rainy season and 
the dry season. The district experiences an annual mean 
maximum temperature of 29.5 °C and annual mean mini-
mum temperature of 12.1 °C. Agriculture and mining are 
the main occupation of the people in the area. AER III (the 
region where Masaiti is located) is home to the mineral-
rich Copperbelt province which drives a strong labour and 
trade economy around the mining areas. The vast forest 
resources and plantations also contribute to an active tim-
ber industry. Livelihoods in this region vary, but depend 
primarily on cereal and cassava production, mining, trade 
and fishing [19].

3.2  Data collection and analysis

Data for the assessment of social vulnerability and coping 
strategies were collected from a total of 194 respondents 
in nine [8] agricultural camps located in nine [8] wards. 
Hundred (100) respondents were selected in Masaiti dis-
trict, while ninety-four (94) were selected in Chirundu 
district. In selecting the respondents, a two-stage sam-
pling method was used. At the first stage, the wards in 
each district were stratified into agricultural blocks. 
Upon stratification, five [4] agricultural camps in Masaiti 
district (Masaiti, Mambwe Misinge, Mipundu, Nyenyezi 
and Katuba camps) and four [3] agricultural camps in 
Chirundu district (Chirundu, Siangwemu, Sikoongo and 
Lusitu Bridge camps) were randomly selected. At the sec-
ond stage, purposive sampling was used to select twenty 
[20] respondents each in the five [4] camps in Masaiti dis-
trict. In Chirundu district, twenty-five [26] respondents 
in Chirundu and Siangwemu camps, 24 and 20 respond-
ents in Sikoongo and Lusitu Bridge camps were selected 
respectively. This resulted in a total of 194 respondents. 
The purposive sampling was to ensure that respondents 
aged 35 years and above who have experienced long-term 
changes in the climate including its impacts were captured 
for interview.

Questionnaires, interviews and focus group discussions 
were used in collecting data for the assessment of social 
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vulnerability and coping strategies. The questionnaire sur-
vey focused on gathering information on climate change 
impacts and coping/adaptation strategies. Questions such 
as ‘compared to the past 10 years, have you noticed any 
changes in temperature, and the timing and frequency of 
rainfall; how have you been affected by these changes; what 
measures have you adopted to cope with the effects of cli-
mate change’ were asked to identify the impacts of climate 
change and adaptation strategies. Additionally, the inter-
views and questionnaire survey also sought information on 
demographic and socio-economic factors such as: house-
hold size, literacy, access to climate change information, 
diversified sources of income, level of income and ownership 
of media devices such as radio and television. These formed 
the basis for the assessment of the level of social vulnerabil-
ity of smallholder farmers in the two districts. Consent of 
respondents was sought before conducting the interview. 
Respondents were informed that they can withdraw their 

participation at any stage of the interview if they so wish. 
To ensure anonymization, the questionnaires did not seek 
any personally identifiable information from the respond-
ents. The interviews were conducted in both English and the 
native language of the respondents who could not speak 
and understand English.

Qualitative and quantitative analytical methods were 
applied in the analysis of the data. Descriptive statisti-
cal methods were used in determining literacy, access to 
information on climate change, household size, diversified 
sources of income, level of income and ownership of radio 
or television. Information gathered from respondents was 
discussed without identifiers.

Fig. 1  Study areas
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3.3  Assessment of social vulnerability to climate 
change

In assessing social vulnerability to climate change, the paper 
adopted the indicator approach used by Dumenu and 
Obeng [15]. The indicator approach computes indices based 
on selected indicators. This approach was used because of 
its applicability at any scale (household, district, national 
and global), and its usefulness in developing a better under-
standing of the socio-economic factors contributing to 
vulnerability [26]. Based on the extensive literature review, 
six indicators were selected to assess social vulnerability of 
the districts. The indicators include household size, literacy 
level, diversified sources of income, level of income, access 
to climate change information and ownership of radio or 
television. The vulnerability factors constituted major com-
ponents of the social vulnerability index, while the indica-
tors constituted the sub-components. Table 1 presents the 
social vulnerability factors, their respective indicators as well 
as their functional relationship to climate change.

3.4  Estimating social vulnerability index

To determine social vulnerability of the smallholder farmers 
in the two districts, indicators for the vulnerability factors 
(demographic, economic and social factors) were meas-
ured in their respective units. The measured indicators 
were then standardized to make them comparable as an 
index. In standardizing the units, the functional relation-
ships between variables and vulnerability were considered 
(Table 1). When vulnerability increases with increase in the 
value of an indicator, an upward ↑ functional relationship is 
occasioned. Therefore, the higher the value of an indicator, 
the higher the vulnerability. Downward ↓ functional relation-
ship occurs if vulnerability decreases with increase in value 
of the indicator.

When the variable has upward ↑ functional relationship 
with vulnerability, normalization was done using Eq. (2):

When the variable has downward ↓ functional relation-
ship with vulnerability, normalization was done using the 
formula:

where Xij is the standardized value of each indicator of 
the factors for a district j, Xi is the actual value of the indi-
cator for the respective factors, MinXj and MaxXj are the 

(2)Xij =
Xi −MinXj

MaxXj −MinXj

(3)Xij =
MaxXj − Xi

MaxXj −MinXj

minimum and maximum values of the indicator for the 
district j.

For the purpose of creating vulnerability indices for 
each factor (major components) of social vulnerability 
for each district, the index values of each indicator (sub-
components) of the factors (major components) were 
summed up and the average determined. This was done 
using Eq. (4):

where M
v
 is the averaged index value of one of the fac-

tors (major components) of social vulnerability, Xi is the 
actual value of the indicator for the district (j), and n is the 
number of indicators for each social vulnerability factor 
(major components).

Finally, to determine social vulnerability of the small-
holder farmers in the districts, the various indices were 
substitute into Eq. (1) yielding Eq. (5):

where M
DF

 is the index value of the demographic factors, 
M

EF
 is the index value of the economic factors, M

SF
 is the 

index value of the social factors and n is the number of 
social vulnerability factors (major components).

4  Results and discussion

4.1  Social vulnerability to climate change: 
influencing factors

The results of the social vulnerability index (SVI) revealed 
that smallholder farmers in Chirundu district, AER I are 
more vulnerable to climate change than those in Masaiti 
district, AER III having recorded SVI of 0.47 and 0.41, 
respectively (Table 2). Figures 2 and 3 present the social 
vulnerability factors (major components) and their respec-
tive indicators (sub-components) that influenced the vul-
nerability of the farmers in the districts. The scale of the 
diagrams (Figs. 2, 3) ranges from 0 (less vulnerable) at the 
centre of the web/triangle to 1 (most vulnerable) at the 
outside edge. In terms of social vulnerability factors, eco-
nomic factors largely influenced high vulnerability level 
of the farmers in Chirundu district followed by social fac-
tors, with demographic factors been the least. Economic 
and social factors recorded relatively higher indices (0.72, 
0.43) compared to that of farmers in Masaiti district (0.61, 
0.35) (Table 2, Fig. 2). Low income level, less diversified 
sources of income and low level of access to radio or TV 
contributed to the economic and social factors influencing 

(4)M
v
=

�
2

i=1
Xij

n

(5)SV = f ⋅
[

1

n
(M

DF
+M

EF
+M

SF
)

]
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vulnerability level of smallholder farmers in Chirundu dis-
trict (Fig. 3).

Demographic factors recorded the lowest index score 
among the three social vulnerability factors. The index 
score was similarly low for both Chirundu (0.27) and 

Masaiti (0.28) districts (Table 2). The two districts have 
high literacy level and medium household sizes. In both 
districts, only 8–17% of the households had no formal edu-
cation (Table 2). This is consistent with high literacy levels 
of the provinces of the respective districts. For instance, 
the Lusaka province (where Chirundu district is located) 
and Copperbelt province (where Masaiti district is located) 
both have adult population literacy of 93.5%, and youth 
literacy of 96.1% and 96.6% respectively [51, 52].

In relation to economic factors, Chirundu district 
recorded higher index score (0.72) than Masaiti district 
(0.61) (Table 2). However, in terms of contributing factors 
(sub-components), both districts had relatively low lev-
els of income indicative of index scores of 1 and 0.86 for 
Masaiti and Chirundu districts, respectively (Table 2). This 
means large percentage of households in both districts 
did not have extra income left to cover other expenses 
after satisfying basic or important household needs. For 
Masaiti district, the result is particularly interesting in 
that the district is located in the mineral-rich Copperbelt 
province which drives a strong labour and trade econ-
omy around the mining areas. And so, one would expect 
that income levels would be high enough to cover extra 
household needs, hence reducing the vulnerability of 
smallholder farmers in this region. This finding is similar 
to that of Gbetibouo and Ringler [22] who found that farm-
ing regions in South Africa deemed to be most vulnerable 
to climate change/variability did not always overlap with 
the most vulnerable populations. Our results indicate that 
vulnerability to climate change is indeed socially differen-
tiated by socio-economic characteristics and the particular 
context of social groupings. This drives home the point 
that the most vulnerable people may not be in the most 
vulnerable places [54].

On the other hand, diversified sources of income were 
significantly limited in Chirundu district (0.57) compared 
with Masaiti (0.22) (Table 2). Less diversified sources of 
income coupled with low income level in Chirundu dis-
trict contributed to its high index score under economic 

Table 2  Indexed sub-components, major components and overall social vulnerability index of smallholder farmers in the two districts

Social vulnerability factors (major 
components)

Indicators (sub-components) Sub-components indices Major components index

Chirundu 
(AER I)

Masaiti (AER III) Chirundu 
(AER I)

Masaiti (AER III)

Demographic Household size 0.38 0.48 0.27 0.28
Literacy 0.17 0.08

Economic Income level 0.86 1 0.72 0.61
Diversified sources of income 0.57 0.22

Social Access to climate change information 0.37 0.52 0.43 0.35
Ownership of radio/TV 0.49 0.18

Overall social vulnerability index 0.47 0.41
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Fig. 2  Distribution of social vulnerability factors (major compo-
nents)
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Fig. 3  Distribution of social vulnerability indicators (sub-compo-
nents)
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factors. Single source or very limited sources of income 
restrict people to a single or very narrow range of 
resources from which livelihood can be drawn. Thus, in 
times of shocks or crisis they are unable to draw on other 
resources (should the main source of income fail) to secure 
their needs and minimize the resultant impacts of adverse 
events such as climate change and variability [18]. Chirun-
du’s local economy is agrarian with its population heavily 
dependent on rain-fed agriculture. Rain-fed agriculture is a 
climate-sensitive livelihood activity, and any unfavourable 
disruption in environmental conditions caused by climate 
change negatively affects production thus, household 
income and livelihoods. Depending primarily on farming 
for household income compromises their livelihood secu-
rity particularly in times of low crop production, thereby 
negatively affecting how much food is produced and sold 
for the well-being of the household. This is illustrated by 
the prolonged drought event experienced in communi-
ties in Chirundu district in 2014/2015 farming season. The 
drought left over 5000 farmers without livelihood owing 
to poor maize yield. Government assistance had to be 
provided to support the affected families. Other families 
had to engage in firewood collection in an area denuded 
of tree cover in order to survive. Unsustainable firewood 
collection as a livelihood activity further degrades the 
drought-prone region surrounding Chirundu, while fur-
ther exposing it to climate change effects. Smallholder 
farmers in Masaiti district had more diversified sources of 
income indicative of the low index score of 0.22 (Table 2). 
This might have been due to the effect of the mineral-rich 
Copperbelt province which drives a strong labour and 
trade economy within its catchments. Nonetheless, what 
was intriguing is that, the diversified sources of income 
did not contribute to improve household income to cover 
extra household needs upon satisfying the important 
basic ones. The reason for this may be related to the fact 
that smallholder farmers in the district had large house-
hold sizes (Table 2). Therefore, much of the household 
income was spent on members of the household leaving 
very less or no income to cater for rising needs.

Concerning social factors, there were markedly differ-
ent responses for both districts. Chirundu district recorded 
a higher index score (0.43) compared with Masaiti dis-
trict (0.35) (Table 2). Although the index score for access 
to climate change information was higher for Masaiti 
(0.52) compared to Chirundu (0.37), the critical indicator 
contributing to the higher index score for social factors 
responsible for higher climate change vulnerability level 
of smallholder farmers in Chirundu district was low level 
ownership of radio or television. Chirundu district had a 
small proportion of smallholder farmer population owning 
these important media gadgets compared with Masaiti’s. 
This is indicative of Chirundu’s high index score of 0.49 

and Masaiti’s low score of 0.18 (Table 2). These gadgets 
are important means of communication in rural areas for 
sensitization and dissemination of information on climate 
change, early warning and adaptation strategies. Donatti 
et al. [14] point to early warning systems as a technologi-
cal measure that improves adaptive capacity of farmers. 
Communication gadgets such as TV and radio serve as 
means of transmitting information generated for example 
by early warning systems for the benefit of farmers. Con-
sequently, low availability of radios and TV sets in house-
holds limits access to climate change information thus, 
rendering people more vulnerable to changes and vari-
ability in the climate. Vincent [54] pointed out that, limited 
access to relevant climate change information increases 
vulnerability. Access to climate change information is criti-
cal to developing appropriate and effective response to 
climate change impacts, hence the need to improve access 
points to information on climate change in communities 
or social grouping with low access to radio or television.

4.2  Coping strategies to climate change

In the face of changing climate, smallholder farmers in 
both districts have adopted and devised various strate-
gies to cope with the impacts they experience. As shown 
in Table 3, the most dominant coping strategies are plant-
ing of drought tolerant species (85.4%), varying the timing 
of planting (71.3%), crop diversification (62.5%), reliance 
on government assistance (45.5%) and engagement in 
non-farm jobs (28.5%). Notably, farming-related coping 
strategies dominated the non-farming-related strategies. 
Between the two districts, increasing number of farmers 
in Chirundu adopted more coping strategies than those 
in Masaiti. Hamazakaza [25] reported early planting as the 
most widely applied adaptation practice among farmers 
in response to variable onset of rainy season in Chirundu 
district including communities in other provinces. Other 
adaptation practices engaged by farmers also include 
staggered planting (planting various crops at different 
times) in response to unpredictable weather conditions, 
crop diversification and adoption of drought tolerant vari-
eties [25]. Fumpa-Makano [21] also mentioned provision 
of government assistance in the form of free fertilizer dis-
tribution to subsistence farmers to improve crop yield as a 
coping strategy promoted against climate change in Zam-
bia. Nonetheless, it is believed such programmes only offer 
farmers short-term solutions instead of long-term benefits 
that would result from adoption of sustainable agrofor-
estry practices. Similarly, Nhemachena and Hassan [36] 
also observed that, common adaptation practices among 
Zambian farmers against climate change were crop diver-
sification, planting of varieties, varying of planting time 
and engagement in non-farm activities.
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In spite of these commendable efforts on the part of 
farmers to cope with climate change impacts, the meas-
ures taken are largely coping strategies that reduce pre-
sent vulnerabilities without necessarily accounting for 
future climate change impacts. To increase resilience of 
communities against future climate change impacts, there 
should be concerted effort at promoting planned or antic-
ipatory adaptation strategies based on planned studies 
and research. In this regard, adaptation strategies would 
be effective at reducing present and future vulnerabilities 
to climate change and increase resilience.

4.3  Implication for policy and climate change 
relevant interventions

Properly characterizing vulnerability is a key to informing 
the development of appropriate policy interventions tar-
geted at improving adaptive capacity of vulnerable people 
or social groups. However, this requires a clear and robust 
vulnerability assessment framework that can lead to the 
recommendation of reliable policy interventions. The 
social vulnerability index used in this study lends itself as 
a tool or as an assessment framework that can be built on 
and integrated into national climate change vulnerability 
assessment. As illustrated in Fig. 4, the framework focuses 
on assessing the social vulnerability of smallholder farm-
ing households to climate change. It develops six indi-
cators for three social vulnerability determining factors 
namely demographic, economic and social factors. The 
factors and indicators can be expanded further to include 
other valid indicators relating to health, food, water, social 
networks, etc. By applying the social vulnerability index 
(SVI) using the indicators, the nature (who, what, level) of 
vulnerability of the subject of interest (e.g. smallholder 
farmers) is determined. Gaining insight into the nature 
of vulnerability, coping measures and adaptation meas-
ures relevant for policy actions are identified and recom-
mended, and these include crop diversification, promotion 
of conservation/climate-smart agriculture, etc. The social 

vulnerability assessment framework (Fig. 4) addresses criti-
cal vulnerability and adaptation questions such as: who 
are vulnerable and why? What conditions and processes 
moderate vulnerability? How is vulnerability differenti-
ated? At what scales do vulnerability factors or determi-
nants operate? What interventions reduce vulnerability or 
build resilience?

Following the assessment of the factors contributing 
to vulnerability of smallholder farmers, specific climate 
change relevant policy interventions are made below:

4.3.1  Improve access to and strengthen climate 
information services

A critical area for enhancing adaptive capacity and climate 
change resilience is improving access to relevant climate 
change information. This involves providing early warning 
about agriculture-related impacts such as drought and dry 
spells, onset of rains, coping and adaption strategies (sci-
entific or indigenous knowledge-based) in a manner and 
language that is clear, comprehensible and practical for 
intended recipient to act upon. Such an action will consti-
tute a policy response to the low level of access to climate 
change information, and low level of ownership of radio 
or TV among vulnerable smallholder farmers in Zambia. 
In relation to this, there is the need to find innovative ways 
and improve existing ways to increase access to climate 
change relevant information. Some of the innovative ways 
may involve setting up of rural information hubs in the vul-
nerable communities and airing of specific programmes 
designated to advance information on seasonal rainfall, 
drought forecast, recommended best time for planting to 
avoid crop failure or low yield and other corresponding cop-
ing/adaptation strategies for the benefit of farmers as sug-
gested by Dumenu and Obeng [15]. Also, climate change 
relevant information can be sent to farmers on their regis-
tered mobile phone numbers or helpdesk set-up to respond 
to queries and provide reliable information to farmers via 
toll-free phone lines. Agricultural extension services should 

Table 3  Coping strategies 
against climate change

Coping strategies Masaiti
(n = 100)

Chirundu
(n = 96)

Total
(n = 196)

(a) On farm strategies
 Planting late or early to avoid drought 45.8% (44) 96.7% (88) 71.3% (132)
 Planting drought tolerant or resistant varieties 74% (71) 96.7% (88) 85.4% (165)
 Planting various crops at different times 55.7% (54) 69.2% (63) 62.5% (117)

(b) Off-farm strategies
 Rely on family/friends/neighbours 20% (19) 17.6 (16) 18.8% (35)
 Receive assistance from the government 43% (41) 47.3% (43) 45.2% (84)
 Income from off-farm jobs 36% (34) 20.9% (19) 28.5% (53)
 Sales non-farm assets 17.4 (16) 11% (10) 14.2% (26)
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also be strengthened and extension officers’ capacity built to 
deliver appropriate advise to farmers on agriculture-related 
climate change impacts, adaptation and mitigation. Indeed, 
improving access to climate change relevant information 
can enable smallholder farmers to plan for and manage 
climate risk to enhance their adaptive capacity and reduce 
their vulnerability.

4.3.2  Strengthen climate observational infrastructure 
and capacity

Delivering and disseminating climate change and weather 
information relevant for improving adaptive capacity of 
farmers and reducing their vulnerability would require 
strengthening of climate observational infrastructure and 

Fig. 4  Social vulnerability assessment framework
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capacity. Improved capacity for climate observation will 
facilitate generation and delivery of information on cli-
mate and weather-related information such as onset and 
end of the rains, dry spells and drought and wind storm 
and heavy rainfall/waterlogging. Information of this kind 
is critical for farmers in making informed decisions on 
timing of field preparation and planting, strategies/tech-
niques for crop development and farm/crop management. 
Farmers having this information and acting accordingly 
can make the difference between a productive growing 
season and one that is not. Additionally, it is essential that 
inter-sectoral coordination of departments, agencies and 
ministries responsible for generation and management of 
climate change and weather-related information such as 
the Disaster Management and Mitigation Unit (DMMU), 
Zambia Meteorological Department (ZMD) and Ministry of 
Agriculture (MoA) is improved. This will facilitate informa-
tion sharing, translation into advisory/extension relevant 
forms and dissemination to intended beneficiaries.

4.3.3  Improve socio‑economic profile of the vulnerable

This study revealed that the socio-economic profiles of 
smallholder farmers in the two districts are low particu-
larly, considering the level of income and diversified 
sources of income. The farmers’ level of income is such 
that they are unable to cover extra household needs upon 
satisfying important basic ones. The situation leaves them 
very vulnerable to the impact of climate change. Efforts 
must be made to improve the livelihood profiles of the 
smallholder farmers. To this end, public–private patten-
ership can be pursued in the vulnerable communities to 
provide more non-farm livelihood opportunities to aug-
ment the sources of income for farming households. This 
will provide a means for livelihood diversification when 
farmers’ major source of livelihood (agriculture) becomes 
riskier in the face of climate change while augmenting 
their level of income. That said, social and cultural factors 
need to be considered so as to avoid failure in the adop-
tion of alternative livelihoods. Why, Cinner et al. [11] have 
shown that, some social groups (e.g. fishers) that exhibit 
‘occupational identity’ have found it challenging to adopt 
alternative livelihoods due to the difficulty of re-imagin-
ing themselves in livelihood activities other what they 
have been practicing or associated with.

4.3.4  Conservation/climate‑smart agriculture

While it is necessary to promote non-farm livelihood activi-
ties to diversify livelihoods of smallholder farmers, it is 
important that their main livelihood activity, agriculture 
(one of the most vulnerable sectors) is also strengthened 
against climate change. In view of this, climate-smart 

forms of agriculture such as conservation agriculture with 
multiple-use trees should be actively promoted among 
smallholder farmers. Climate-smart agriculture form of 
farming that applies soil/water conservation and manage-
ment techniques, improved and resilient varieties, high-
quality inputs (better-performing seeds), etc. should be 
promoted. More so, less expensive small-scale irrigation 
facilities should be provided in drought-prone areas like 
AER I to prevent reduced crop yield and losses. Coupling 
promotion of conservation/climate-smart agricultural 
practices with adequate extension services will ensure 
wide adoption of these practices by smallholder farmers.

4.4  Applicability of social vulnerability index: 
musings

Social vulnerability index (SVI) serves the link between sci-
ence and policy in understanding the social dimensions 
to climate change vulnerability, planning and develop-
ment of interventions to improve the adaptive capacity 
and resilience of social groupings against climate change 
impacts. Evaluating its applicability is essential to ensuring 
its greatest validity and utility, and to helping decision-
makers understand not only what the SVI can and does 
provide, but also what it cannot and does not provide. For 
researchers, it helps address some vital questions raised 
on the use of variables (indicators) in assessing climate 
change vulnerability. For example, how and what vari-
ables represent potential driving force(s) for assessing 
vulnerability [42, 60]; do variables (indicators) chosen for 
vulnerability assessment perturb by or interact with each 
other [16, 60]; what processes inform selection of variables 
for vulnerability assessment [60]? Drawing on the results 
of this study, a reflection on the applicability of the SVI 
approach in assessing vulnerability to climate change is 
provided. The reflection touches on the scale of applica-
tion (spatial and temporal), validity, weighting and aggre-
gation of indicators; and addresses some of the questions 
raised.

4.4.1  Scale of applicability (spatial and temporal)

In terms of scale, the social vulnerability index (SVI) 
applied in this study as a metric for assessing social dimen-
sions of climate change vulnerability is most appropriate 
for application at community, district or social groupings 
(e.g. smallholder farmers) scales. This is not to say that it 
cannot be applied at household, national or regional lev-
els. Brooks et al. [7], Vincent [55] and Eakin and Bojorquez-
Tapia [16] have conducted national- and household-level 
assessments using similar metric (social vulnerability 
index). The recommendation is borne out of the considera-
tion for the rate of dynamism of vulnerability factors at the 
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household scale, and the low spatial resolution at national 
and regional scales faced when assessing vulnerability at 
these scales. For example, a household may be depend-
ent on a climate-sensitive occupation for livelihood hence, 
its vulnerability to climate change. In the next moment, 
member(s) of that household may secure additional non-
climate-sensitive livelihood(s). This development would 
considerably diversify their sources of livelihood and 
improve their income. The quick change of circumstance 
would significantly reduce their vulnerability level or move 
them out of the vulnerability threshold. The reverse may 
also hold for a hitherto resilient household. This phenom-
enon is alluded to by Alwang et al. [4] in asserting that 
households can move in and out of vulnerable states in 
relatively short periods of time. Such level of dynamism 
makes SVI application at the household level more suit-
able on short-medium time scale [16] such as distributing 
resources or aid to affected households in an emergency 
following exposure to a climate event such as flood.

On the other hand, creating and applying the SVI at the 
national or regional scales is faced with the challenge of 
low spatial resolution thus, masking local variability and 
subtlety socio-economic and demographic characteristics 
of communities or social groupings [4, 16, 48, 55]. Gbeti-
bouo et al. [23] reiterated this point by asserting that map-
ping vulnerability at such high scales (e.g. provincial level) 
may lead to a false sense of precision due to the enormous 
heterogeneity within provinces and districts related to 
resource access, poverty level and ability to cope with cli-
mate change and variability. Considering the high-level 
dynamism at the household scale and low spatial reso-
lution at national and regional scales, communities, dis-
tricts or social groupings constitute an appropriate scale at 
which the SVI can be applied to assess social vulnerability 
to climate change. Should the SVI be used for household, 
national or regional scale vulnerability assessment, the 
right context, objectives and what it can be used for need 
to be borne in mind.

4.4.2  Indicator validity

The SVI uses indicators to assess vulnerability to climate 
change. The indicator-based index is widely used [23, 26] 
and provides a means of simplifying complex reality for 
decision-making. That notwithstanding, question has 
been raised as to whether indicators “faithfully represent 
vulnerability processes” (e.g. Rufat et al. [42, p. 478]). The 
question is basically about whether indicators used in vul-
nerability assessment accurately represent the intended 
condition or process—that is, are they valid. Thus, what is 
indicator validity? Why is validity of an indicator important 
in assessing social vulnerability to climate change? Indica-
tor validity simply refers to the ability of an indicator to 

accurately represent what it intends to measure, whether 
the chosen indicator itself is measurable. A valid indicator 
is important so that the result of the vulnerability assess-
ment is not misleading and the assertions drawn are not 
invalid. Some of the factors that can constrain the choice 
of valid indicators include cost, data availability, easy of 
measurability and ambiguity.

Consider the case, ‘easy of measurability’. An indica-
tor may be valid but may not be easy to measure using 
standardized measurement. Rufat et al. [42] referred to 
indicators with psychosocial dimensions which stymie 
standardized measurement because they are often situ-
ationally dependent and may require quantification at 
scales (e.g. individual, network) different from other indi-
cators. Such indicators cannot be computed from publicly 
available databases (the challenge of data availability) and 
may require the use of qualitative methods, targeted sur-
veys, participatory approaches, etc., (cost and measurabil-
ity challenge). The question is, would that ‘valid indicator’ 
be substituted with an ‘objective indicator’ because of the 
challenges of cost, data availability and measurability? 
On the other hand, the case of ambiguity arises when an 
indicator acts both as an influencer of vulnerability and 
an enhancer of resilience. As an example, Chen et al. [12] 
reported Vietnamese migrants’ ‘lack of acculturation’ as 
strong factors aggravating their social vulnerability, while 
Vu and Vanlandingham [56] reported ‘lack of acculturation’ 
as facilitating close social ties and sharing of resources that 
allowed them to recover quickly with little outside assis-
tance (i.e. enhancing their resilience rather than increasing 
their vulnerability). A similar situation was encountered in 
our study when selecting ‘household size’ as an indicator 
for demographic factors that influence vulnerability to cli-
mate change. Household size is found to influence vulner-
ability (e.g. [5, 37, 43, 59]), while it is also associated with 
reducing vulnerability particularly in agricultural econo-
mies where large family size is preferred for improving 
economic condition [31] and for labour supply. However, 
considering the context of the study area and the respond-
ents, it was realized that though the many members of the 
household do contribute labour as unpaid family workers, 
most these are dependents who do not attract additional 
external income to the household thereby, increasing the 
household’s vulnerability in the long run. The cases of 
‘large household size’ in our study and the ‘lack of accul-
turation’ among the Vietnamese immigrants illustrate the 
importance of context when identifying valid indicators 
for vulnerability assessment.

That said, the challenges posed by cost, data avail-
ability, measurability and ambiguity should not lead to 
taking the simple path of ‘recycling’ indicators (i.e. sim-
ply choosing indicators based on their use in previous 
studies). Developing and testing new indicators and 
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their related proxies that best describe their relation-
ship with vulnerability should engage the attention of 
researchers as an important research need. Other than 
that, how relevant is an SVI that measures social vulner-
ability without using the best (valid) indicators? “And to 
what extent are the assertions valid that, the resultant 
indicators measure social vulnerability” [42].

4.4.3  Indicator interrelationships

In choosing valid indicators, the interrelationships 
between indicators need to be considered as some of 
the indicators that may interact in one way or another. 
To illustrate, consider ‘access to climate change infor-
mation’ and ‘ownership of TV or radio’ used as indica-
tors in this study to assess the influence of social factors 
on climate change vulnerability. It can be argued that 
there might be some form of interrelationship between 
the two indicators. Why, households owning television 
sets or radio are likely to access information on climate 
change when climate change-related programmes are 
aired or broadcast. Therefore, ownership of these devices 
could imply access to climate change information par-
ticularly, in the case of households or individuals who 
tuned in or listened to such programmes. Even for those 
who owned the devices and have not the benefits of 
such programmes may be potential recipients at another 
time. Similarly, households with diversified sources of 
income are likely to improve their income level due to 
the fact that they may hold a primary job and other sec-
ondary job(s) that generate additional income for the 
households. This is not to say that the two indicators for 
the social and economic factors were duplicative. No, 
they were distinct in that ownership of television set or 
radio does not wholly imply access to climate change 
information. Likewise, access to climate change informa-
tion may be through other sources such as workshops, 
community durbars or meetings other than radio or TV.

The point here is to show that there may be inter-
relationships between these indicators and that some 
of the indicators may contribute relatively more influ-
ence than the other. Considering the potential exist-
ence of interrelationship between the indicators, more 
research needs to be conducted to further explore how 
social vulnerability determinants interact, and the extent 
and nature of the relative influence on each other. The 
results of such research will help in revealing the rela-
tive importance of the indicators which will then inform 
the process of weighting and aggregation, and the need 
to develop a weighting criterion for the construction of 
the composite index for measuring social vulnerability 
to climate change.

4.4.4  Weighting and aggregation

The SVI applied in this study employs equal weighting and 
the additive method of aggregating indicators to form a 
composite index for the assessment of social vulnerability. 
Equal weighting and additive method of aggregation (a 
widely applied approach) in construction of vulnerability 
index are employed based on the assumption that the 
indicators operate independently [42] and thus, avoid the 
process of having to determine the relative importance 
of disparate indicators [16]. The potential existence of 
interrelationships between the indicators alluded to in 
the section on “indicator interrelationships” and as the 
case may be in the real-world, weighting and an aggre-
gation approach that recognizes indicator interrelation-
ships are strongly favoured. Weighting based on expert 
judgement is said to be subjective [16], while reductionist 
statistical approach to weighting indicators is observed to 
not recognize contextual differences [7]. As such, develop-
ing a context-based weighting scheme could be one of the 
focuses of future research. Until then, an objective com-
promise would be the use of expert knowledge to iden-
tify local context-dependent indicators and subsequently 
using statistical approaches such as principal component 
analysis (PCA) or multicriteria decision analysis (MCDA) to 
select the final indicators and assign them weights.

5  Conclusion

This study has investigated social vulnerability to climate 
change and coping strategies of smallholder farmers in 
two districts in Zambia. Smallholder farmers in Chirundu 
district were found to be more vulnerable to climate 
change than Masaiti district. Low income level, less diver-
sified sources of income and low level ownership of radio 
or television contributed to the economic and social 
factors influencing the high vulnerability level of small-
holder farmers in Chirundu district. On the other hand, the 
most engaged coping strategies were planting of drought 
tolerant species, varying the timing of planting, crop diver-
sification, reliance on government assistance and engage-
ment in non-farm jobs. Various practical recommendations 
on how to improve the adaptive capacity and resilience 
of smallholder farmers against climate change impacts 
related to improving their socio-economic profiles, access 
to climate change relevant information and promotion of 
conservation/climate-smart agriculture have been made.

Drawing on the results of this study, the applicability 
of the SVI approach in assessing social vulnerability to 
climate change was discussed with the view to ensuring 
its greatest validity and utility. The discussion focused on 
the scale of application, and validity, interrelationships, 
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weighting and aggregation of indicators. In terms of 
scale of application, the SVI is most suited for vulner-
ability assessment at the community, district or social 
grouping scale than at the household/national/regional 
scale due to high-level dynamism of vulnerability fac-
tors at the household scale, and low spatial resolution 
at national and regional scales. With regards to indicator 
validity, there should be a strive towards the use of valid 
indicators for social vulnerability assessment so that the 
results are not misleading and the assertions drawn are 
not invalid. The challenges posed by cost, data avail-
ability, measurability and ambiguity should not lead to 
taking the simple path of ‘recycling’ indicators. Focused 
research on indicator interrelationships and their relative 
importance would help inform the process of context-
based weighting and aggregation in the construction 
of robust SVI for assessing social vulnerability to climate 
change.
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