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A B S T R A C T   

Access and use of livelihood assets are pertinent to recovery from impacts of climate change for rural households. 
This study investigated role of livelihood assets to recovery from the impacts of climate change for male and 
female headed households in Phalombe district in Malawi. Using exploratory sequential mixed methods design, 
qualitative data was collected using Participant Observation coupled with interviews in two successive phases. 
Quantitative data was collected using household questionnaire involving 217 households. Results show that 
erratic rainfall and floods are the main impacts of climate change in the study area. Male headed households have 
better access to human, financial and natural assets compared to female headed households. There is no sig-
nificant difference on the recovery period from erratic rainfall for either type of household, but male headed 
households recover much more quickly from floods than female headed households. Results show that social 
assets are key to recovery from both erratic rainfall and floods for both male and female headed households. 
Natural assets contribute to recovery from erratic rainfall for male headed households while human assets are 
important for female headed households. Human assets are vital for recovery from floods for both male and 
female headed households while physical assets are important for male headed households. The study shows that 
enhancing social capital and developing human assets especially for female headed households can significantly 
contribute towards resilience to the impacts of climate change.   

1. Introduction 

Varying climate change resilience depends on among other factors 
access to resources across different strata of the society (Asmamaw et al., 
2019). Resilience to the impacts of climate change is contingent on 
among key factors social inequalities, rights and access to resources, 
underlying poverty, and lack of representation (Tanner et al., 2015). 
Studies in developing countries have showed that gender inequality 
significantly influences access to livelihood resources especially in the 
rural communities of developing countries (Paudel Khatiwada et al., 
2018; Ankrah et al., 2020). The skewed distribution of livelihood re-
sources consequently leads to deferential resilience capacities between 
male and female-headed households (Andrijevic et al., 2020). 

Literature has showed that gender inequality on access to resource 
has persisted for generations (Giuliano, 2017). Gender norms, the 
gender division of labour and differing levels of access to productive 

resources, not only make women more vulnerable but also affect 
women’s ability to develop resilience to the impacts of climate change 
(Ampaire et al., 2019). Studies in poverty, rural livelihood and climate 
change have revealed that gender related limitations on distribution of 
resources produces unequal outcomes between male and female-headed 
households (Manandhar et al., 2018; Cole et al., 2020). Additionally, the 
IPCC AR6 noted that socioeconomic inequities linked to gender causes 
low resilience to the impacts of climate change (Schipper et al., 2022) 
and Wanjala (2021) further reported that women are less resilient to 
livelihood shocks in Africa because of low access to productive 
resources. 

Malawi ranks in the bottom quintile of countries on the Gender 
Inequality Index (Nash et al., 2019). The gender inequality situation 
worsens the ability of female-headed households to weather climate 
change related shocks compared to their male counterparts. For 
instance, UN Women in Malawi found that about 56 % of those displaced 
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by the 2015 floods and 59 % of those displaced by Cyclone Idai in 2019 
were women (UN Women, 2019). Lower capacity to withstand the 
shocks reveal underlying gender inequalities in accessing livelihood 
resources. Despite this information, there is not detailed research that 
has showed how livelihood assets contribute towards recovery from the 
impacts of dry spells and floods in rural communities in Malawi. 

1.1. Background 

Malawi, like most developing countries in the Sub-Saharan region, is 
considered less resilient to the impacts of climate change (Mango et al., 
2018; GoM, 2018). Low resilience is in some literature associated with 
increased unequal distribution and access to resources across different 
strata of the populations (Papadopoulos et al., 2019). Previous studies 
have demonstrated that availability of livelihood assets is one while 
access to the same resources is another. Scholars such as Thomas (2020) 
concluded that access to resources entails complex social relationships 
and power structures that enable sidelining of some groups in a society. 

Summary statistics in appendix 1 show national level gender dis-
aggregated indicators for livelihood resources organised using Sustain-
able Livelihood Framework (SLF). In general, statistics show that 
female-headed households have lower resource base to build resilience 
than male counterparts. Lovell (2021) noted that Malawi is a highly 
patriarchal society and gender inequalities are deeply entrenched in 
many ways evidenced by women’s engagement in low-income activities, 
limited access to resources and assets, higher illiteracy rates, inadequate 
access to systems and services while widowhood, divorce, and separa-
tion are associated with lower social inclusion. Albeit knowledge of 
existing discrepancies on resource endowment not much has been 
explored on how these differences contribute to unequal resilience 
outcomes between male and female headed households in Malawi. 

Our study adapted the conceptual framework developed by Aryal 
et al. (2020) (Fig. 1). The framework depicts how male and female 
headed households upon being exposed to climate shock use available 
livelihood assets to adapt. Our framework however demonstrate that 
differences in resource base between male and female-headed house-
holds result into varying adoption of livelihood activities. Male 
headed-households have more resources thus they will have a variety of 
livelihood activities to recover or build resilience than female 

headed-households. 

2. Methods 

2.1. Study area 

Phalombe district has been designated as one of the most vulnerable 
districts in Malawi and has had episodes of climate change related 
shocks for the past 3 decades (GoM, 2012). It is also one of the poorest 
districts in Malawi with 83.2 % of its population considered poor against 
51 % national average while 50.6 % of the population is considered 
ultra-poor compared to the national average of about 25 % (NSO, 
2020a). According to Mussa (2017) female headed households are 
poorer than male headed households in rural areas with per capita 
consumption of about 17 % lower than that of male headed households. 

The study was carried out in Mwango Village within Traditional 
Authority Jenala in Phalombe district. It is located at (− 15.537860 S and 
35.692347 E) about 600 m above sea level on the southeastern side of 
Lake Chilwa (Fig. 2). According to NSO (2018) Traditional Authority 
Jenala has 20,250 households and Mwango village has about 650 of 
which about 200 are female headed. The study area experiences sub 
tropical climate with temperature ranging from 21 ◦C to 35 ◦C and 
average rainfall of about 1626 mm per annum (Nangoma and Nangoma, 
2010). Unimodal rainfall starts around November and ends in April 
(Svesve, 2016). Most district’s population depend on rainfed agriculture 
as the main livelihood activity. They also depend on natural resources 
such as forests and wetlands for alternative livelihood activities (GoM, 
2012). Increased frequency and intensity of the impacts of climate 
change such as erratic rainfall and floods have been considered as 
threats to livelihood sustainability in the district (GoM, 2018). 

The area is highly populated by the Lomwe tribe who follows 
matrilineal system of inheritance and Uxorilocality. Land in a matri-
lineal culture is inherited by women and girl while husbands have user 
rights to the same (Kishindo, 2010; Berge et al., 2014). Limited control 
over land negatively affects long-term investment at both household and 
community for men (Ng’ong’ola, 1986). This socio-cultural nexus was 
also considered as interesting feature for an investigation on male and 
female-headed households’ access and use livelihood assets to recover 
from impacts of climate change. 

Fig. 1. Conceptual framework for the engendered climate change resilience study.  
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2.2. Study approach 

This study adopted the exploratory sequential mixed methods design 
(Ivankova et al., 2006). Data was collected in three phases. The first and 
second phases involved Participant Observation, interviews, and Focus 
Group Discussions (FGDs) while the last phase was for household survey 
using a semi – structured questionnaire. 

The first two phases principally involved in-depth qualitative data 
collection through observations, interviews, and discussions on liveli-
hood activities and how households reorganize resources to recover 
from the impacts of climate change. The Lead researcher lived in the 
study area for an average of 5 weeks in each phase between February 
and December 2020. In between the phases, data was analysed to 
identify data gaps to be addressed in the subsequent phase. Qualitative 

Fig. 2. Map of the study area.  
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data analysis consequently informed development of a household 
questionnaire that was administered to household heads or spouses 
during the last phase of the study. 

2.3. Qualitative data collection 

One – on – one interviews, and Key Informant Interviews (KII) were 
conducted (Table 1). Additionally, participatory rural appraisal meth-
odologies were used to facilitate 4 Focus Group Discussions (FGD), 
disaggregated by gender. Discussions focused on livelihood activities 
and the role of livelihood assets in recovering from the impacts of 
climate change vis-a-vis floods and erratic rainfall. Ethical clearance for 
the study was obtained from the Malawi National Commission for Sci-
ence and Technology reference number NCST/RTT/2/6 and University 
of Southampton ERGO II 52686. 

Semi structured checklists were used to interview locals and Key 
Informants. Equal numbers for both genders were achieved for one-on- 
one interviews but fewer (3) females were found as key informants 
compared to (9) for males. Key informants included the agricultural 
extension agent, representatives of local development structures and the 
chief. Fewer available female key Informants shows some disparities in 
representation of women in key decision-making position at local level. 
Four (4) FGDs, two for each gender were conducted. According to 
Nelson et al. (2002) response mechanisms and strategies to climate 
related shocks vary between males and females, therefore, FGDs 
involving male and female household heads were conducted separately. 
Each FGD involved between eight to ten participants. 

2.4. Quantitative household survey data 

Qualitative data analysis informed the design of the household sur-
vey questionnaire to capture context specific variables on livelihood 
assets. Households were sampled randomly, and sample size was 
calculated using the Cochran formula with a 5 % margin of error (95 % 
confidence level) and a 50 % sample proportion (Tejada and Punzalan, 
2012). The total sample was 217 households of which 140 are male 
headed while 77 were female headed households. Data was gathered on 
household socioeconomic characteristics, livelihood assets, livelihood 
sources, income, and period to recovery from erratic rainfall and floods. 

2.5. Choice of variables 

The qualitative interviews and observations helped understanding of 
the local context especially the impacts of climate change and role of 
various assets used to recover from the shocks. Choice of variables to 
estimate impact of assets on livelihood depends on a thorough under-
standing of the research context (Campbell et al., 2001; Uy et al., 2011). 
A sustainable livelihood framework (SLF) was used to organize variables 
under the five types of assets (Erenstein et al., 2010; Quandt et al., 2019; 
Nasrnia and Ashktorab, 2021). The variables were selected using both a 
literature review and prior analysis of the qualitative data Table 2. 

2.6. Analytical approach 

Qualitative data were transcribed verbatim and were organised using 
NVIVO 12th edition for thematic analysis (Jauffret-Roustide and Cail-
bault, 2018). All the data transcripts were read by two people for veri-
fication before coding started. During coding, sub themes were merged, 

which were eventually fused into themes (Braun & Clarke, 2012). Charts 
and drawing from FGDs were analysed by connecting and linking 
various aspects of livelihood activities and assets identified during 
discussions. 

2.7. Livelihood assets measurement 

Quantitative data was organised and analysed using Microsoft Excel. 
Analysis was done using the method for computing the Human Devel-
opment Index (UNDP, 1994; Pandey and Jha, 2012; Quandt et al., 
2019). This method involves identification of variables under each of the 
five livelihood assets categories. Maximum and minimum values under 
each variable are determined and then an index is computed using 
equation (1) below. Results from this standardization ranges from 0 to 1, 
where 0 is the least desirable state while 1 is the most desirable state. 

Table 1 
List of study participants.  

Interviews Age range (Years) Male Female Total 

One - on - one interviews 21–44 7 7 14 
Key Informant Interviews (KII) 36–68 9 3 12 
Total  16 10 26  

Table 2 
Livelihood assets categories and their respective variables.  

Categories Quantitative 
variables 

Rationale Source 

Physical Value of 
productive assets 

Assets can be sold to 
smoothen consumption. 

Fang et al. 
(2014); Pour 
et al. (2018) 

Value of owned 
livestock 

Livestock can be sold to 
smoothen consumption if 
hit by shock. 

Pour et al., 2018 

No. Of Habitable 
houses 

More houses are 
alternatives if one falls due 
to floods. 

Qualitative 
research 

Human Education of 
household head 

Educated household heads 
able to make informed 
decisions. 

Soltani et al. 
(2014) 

Productive people 
in the household 

More labour helps pursue 
several livelihood 
activities at the same time. 

Ellis (2000) 

Sickness during 
farming season 

Thwarts agriculture 
production – main 
livelihood activity 

Qualitative 
research 

Social Relations and 
friends to the 
household 

Immediate sources of help 
when household cannot 
manage a crisis 

Quandt et al., 
2019 

Membership to 
formal/informal 
groups 

Network of people that 
can support a household to 
offsets impacts of a shock 

Soltani et al., 
(2014) & Pour 
et al., 2018 

Financial Membership to 
savings group 

Access to finances to build 
other assets or mitigate 
impacts of a shock 

Panman et al. 
(2021) 

Whether the 
household got 
Katapila (Loans) 

Katapila result into losses 
during rice harvesting 
because of high interest. 

Qualitative 
research 

Income from 
regular source in a 
month 

Regular income entails the 
ability to build other 
assets to offset future 
shocks 

Pour et al. 
(2018) 

Savings by the 
household 

Saving can be used to 
manage immediate 
impacts of shocks 

Panman et al. 
(2021) 

Natural Size of owned 
arable land 

Key productive asset that 
determines rainfed crop 
production 

Qualitative 
research 

Ownership of a 
plot at the wetland 

Irrigation in the wetland is 
the alternative to rainfed 
crop failure. 

Quandt et al., 
2019 

Distance from 
water body to the 
garden 

High dependence on 
residual moisture and low- 
cost irrigation 
technologies require 
proximity to water source. 

Qualitative 
research 

Involvement in 
fishing 

Fishing is one of the 
lucrative livelihood 
activities that smoothens 
consumption. 

Qualitative 
research  
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Iij =
Max Xi − Xij

Max Xi − Min Xi
(1)  

where. 
Xij is the value attained by the jth Household in ith variable. 
Max Xi is the maximum value in the data series i. 
Min Xi is the minimum value in the data series i. 
For continuous variables the computation involved calculating as 

illustrated in formula (1) however for categorical variables no calcula-
tion was done because the answers were already yes or one (coded as 1 
for yes and 0 for no in the data). For the variable of a loan (Katapila) 
under financial assets, the question was asked in reverse so that ‘yes’ 
could denote ‘did not get the loan’ while ‘no’ meant did get the loan. 
This was to ensure that getting a loan is depicted as an undesirable 
condition and vice versa because needing a loan indicates vulnerability. 
To compute an index for each livelihood asset category, a composite 
index was created by an additive method from variables standardized 
under each category by equation (2). Computation was done for each 
household and then analysed for male and female headed households. 

Ci =
∑

Iij (2)  

where. 
Ci is the index from ith livelihood asset. 
Iij is the index of from the individual variable. 
The simple linear regression function was used to estimate contri-

bution of the livelihood assets indices to recovery from impacts of erratic 
rainfall and floods for male and female headed households. Recovering 
from floods and erratic rainfall was conceptualized as reverting to pre 
shock status in terms of food security at household level. Choice of food 
security status as recovery measure was based on literature which shows 
that it is a primary goal of most livelihood activities in rural areas of 
most developing countries (Conceição et al., 2016). The recovery period 
was therefore determined as number of months from the onset of food 
scarcity due to the shocks to the time of recovery. Five livelihood asset 
indices were considered as independent variables (equation (3)). 

Rec(Months) =α + β1x1 + β2x2 + β3x3 + β4x4 + β5x5 (3)  

where. 
Rec(Months) is the number of months to recovery from a shock (floods 

or erratic rainfall). 
α Is the constant 
β1 To β5 are the coefficients. 

x1 to x5 are the livelihood asset (Physical, Human, Financial, Social, 
and Natural) 

3. Results 

Firstly, results are presented on the impacts of climate change on 
existing livelihood activities and associated effects. Secondly results on 
role of livelihood assets are presented and thirdly implications of live-
lihood assets on recovery from the shocks for male and female headed 
households. 

3.1. Impacts of climate change on livelihood activities 

The study area, like most of the rural Sub-Saharan Africa, primarily 
depends on subsistence farming as a main livelihood activity. It was 
therefore not surprising that the main impacts of climate change were 
associated with thwarting rainfed farming and small-scale irrigation. 
Table 3 below shows local perceptions on the main impacts of climate 
change on livelihood activities and their resultant effects on households. 

Qualitative analysis identified erratic rainfall and floods as the main 
impacts of climate change in the area. Erratic rainfall occurs in form of 
late onset of rains; intermittent precipitation during crop growing period 

and early cessation of rains before crops mature. Erratic rainfall is one of 
the key shocks that negatively affect both rainfed and small-scale irri-
gation farming. Dry spells during rainy season also necessitate multi-
plication of Fall Army Worms (Spodoptera frugiperda) which reduces 
maize (Zea mays) yields. Insufficient rainfall thwart small-scale irriga-
tion farming because of its high dependence on residual moisture from 
rainy season. Failure of winter farming deepens the food security crisis 
because of its role as an alternative to the less reliable rainfed farming. 
Erratic rainfall also foils rice production, which is one of the main in-
come earners from rainfed farming that consequently result into income 
loss. Low water levels in the lake due to erratic rainfall results into low 
fish catches. Farming and fishing are main sources of casual labour 
therefore when they fail opportunities for casual labour are also scarce. 

Floods commonly happen at the peak of rainfall period between 
January and March when main food and cash crops are grown. Floods 
negatively affect arable rainfed farming by washing away crops espe-
cially maize. Floods also destroy houses and carry away vital household 
assets. Washing away of crops, destruction of houses and loss of vital 
household assets deepen food and income insecurity as households 
struggle to recover in the middle of crop production period. Loss of crops 
due to floods also limit opportunities for casual labour. 

3.2. Gender disparities on access to livelihood assets 

Available assets determine the choice of livelihood activities that a 
household is likely to pursue while trying to recover from the impacts of 
climate change. There are differences in access and use of assets for male 
and female-headed households (Fig. 3). 

The results show similarities and differences in resource endowment 
for male and female headed households. Independent t-test of means 
between male and female headed households shows statistically signif-
icant difference for human, financial and natural assets (Table 4). 

3.2.1. Natural assets 
Rural households in developing countries highly depend on natural 

resources for survival and recovery from climate change related shocks 
(De Silva and Kawasaki, 2018; Brown et al., 2019). Results show a 
higher natural assets index for male headed households (M = 0.593, SD 
= 0.158) compared to female headed households (M = 0.488, SD =
0.117) with a significant difference, t (215) = 5.07, p = 0.00). Access to 
natural assets especially land may be skewed towards females consid-
ering the matrilineal traditions that are common in the study area. 
Almost all key informants indicated that land is inherited through fe-
males in the area. If marriage ends by any cause, land is owned by the 
women. However, high average index for male headed households 
might have been due to exclusion of women from fishing. During both 
male and female FGDs it was mentioned that fishing is exclusively for 
males thus low proportion of female headed households that are 
involved in the enterprise. This might have been the major contributor 
towards higher natural asset index for male headed households in the 

Table 3 
Local perceptions on climate related shocks and their effects on livelihood 
activities.  

Climate related 
shock 

Livelihood 
activity 

Immediate impacts Long term impacts 

Erratic rainfall  • Rainfed 
farming  

• Winter 
farming  

• Fishing  

• Low rainfed crop 
yields  

• Multiplication of 
pests  

• Low fish catches  

• Food shortage  
• Income shortage 

Floods  • Rainfed 
farming  

• Casual 
labour  

• Loss of crops  
• Loss of 

infrastructure  
• Loss household 

assets  

• Food shortage  
• Income shortage  
• Increased 

vulnerability  
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area. 

3.2.2. Social assets 
The social assets comprise of a social network that a household or 

individual exist in through which information and resources flow. Fe-
male headed households have stronger network of friends and relatives 
within their locality owing to the uxorilocality arrangement that 
required men to settle in their wives’ villages. However, other variables 
such as membership to social and religious groups might have levelled 
the social assets gap for the male headed households. Their connections 
to non-relation in the community might be the crucial social network 
through which they may depend on in times of climate induced shock. 
Independent t-test shows that there was no significant difference in so-
cial assets endowment by male and female headed households. This 
implies that both male and female headed households have comparable 
social assets. 

3.2.3. Financial assets 
Financial assets enable a household to purchase immediate house-

hold needs, such as food in case of a shock. Table 4 shows a higher 
financial assets base for male headed households (M = 0.156, SD =
0.160) compared to female headed household index (m = 0.062, SD =
0.043) with a significant difference, t (215) = 5.03, p = 0.00. Higher 
financial asset base for male headed household might have been due to 
higher income earned by males from more lucrative enterprises espe-
cially fishing. Although financial assets are considered flexible and easy 
to use within a short period after a shock, most of the respondents during 
FGDs said that such assets are rather elusive because they can be used for 
non-shock recovery expenses such as leisure especially by males. 

3.2.4. Human assets 
The human asset index is comprised of education background of the 

household head; incidents of chronic sickness during main production 

season (rainfed farming season) as well as the number of productive 
members of the household (people aged between 15 and 64 years). 
Analysis shows a significant difference in human assets between male 
and female headed households. Male headed households had higher 
human asset (M = 0.346, SD = 0.175) compared to female headed 
households (M = 0.227, SD = 0.155) depicting t (215) = 4.96, p = 0.00. 
Most of the respondents during qualitative data collection said human 
assets are key in times of food shortage because able members engage in 
casual labour or fishing to source food and income. Therefore, if more 
people work more income and food are sourced and thus enable the 
household to quickly recover. It was also observed that relatively more 
educated people easily find opportunities to source food and income as 
they can access information and work with organisations in the area as 
volunteers or part time workers. 

3.2.5. Physical assets 
Physical assets are also necessary to enable households to recover 

and withstand the impacts of climate change. The index includes the 
total value of productive assets; the value of livestock owned by a 
household and the number of habitable houses owned the household. 
Independent t – test results showed no significant difference in the 
physical assets index for male and female headed households. This im-
plies that neither male nor female headed households have superiority 
in terms of access to physical assets. Village Key Informants indicated 
that under the dominant uxorilocal post marital settlement, after divorce 
or separation, the husband is only allowed to leave with assets he 
brought in marriage. Similarly, in case of death of the husband, his re-
lations are only allowed to inherit assets their relative owned before 
marrying. The implication is that women eventually inherit almost all 
the assets that might have been accumulated together with the husband 
while they were married. 

In summary, although literature shows that all the five categories of 
livelihood assets are vital for recovery from shocks, Eriksson et al. 
(2018) found that human and social assets are crucial for recovery while 
Asmamaw et al. (2019) reported that physical, financial, and social as-
sets are critical for recovery from climate change related shocks. 

3.3. Gender differences on the contribution of livelihood assets to 
resilience 

In order to understand how five livelihood assets contribute towards 
recovery from the impacts of shocks, the study inquired about the 
number of months from the onset of the impacts of floods and erratic 
rainfall to the time food security is restored. Table 5 shows analysis of 
the period to recovery in months for male and female headed 
households. 

Results show that the recovery period from the impacts of floods was 
significantly different between male and female-headed households. 

Fig. 3. Spider diagram of livelihood assets for male and female headed households.  

Table 4 
Independent t-test of asset indices.  

Asset 
categories 

Mean male 
headed 

Mean female 
headed 

t df Sig. 

Natural assets 0.593 (0.158) 0.488 (0.117) 5.076 215 0.000*** 
Social assets 0.396 (0.229) 0.435 (0.285) − 1.081 215 0.281 
Financial 

assets 
0.156 (0.160) 0.062 (0.043) 5.038 215 0.000*** 

Human assets 0.346 (0.175) 0.227 (0.155) 4.963 215 0.000*** 
Physical 

assets 
0.287 (0.166) 0.307 (0.145) − 0.906 215 0.366 

Significance levels × significant at 10 % ** Significant at 5 % ***Significant at 1 
%. 
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Male headed households recover from the impacts of floods within 3.23 
months while female headed households recover within 4.13 months (p 
< 0.01). The agricultural Extension Officer for the area indicated that 
floods are the most difficult shock for female-headed households to 
recover from because of multiple damage they cause. Eventually it takes 
relatively longer for female-headed household to recover from floods 
compared to male-headed households because of differences in amount 
of resources especially labor to simultaneously restore both infra-
structural and crop damage. 

3.3.1. Implications of livelihood assets on recovery from erratic rainfall 
In order to determine contribution of the five livelihood assets 

indices to recovery from erratic rainfall, a simple linear regression 
analysis was used with time (in months) to recovery as the dependent 
variable while livelihood assets indices as independent variables. Re-
sults of the analysis by gender are in Table 6 below. 

The regression model results for both male and female headed 
households show that the model is broadly consistent with the estimated 
results. The model output shows that livelihood assets indices explain 
approximately 17 % of the variance of dependent variable for male 
headed household and 26 % for female headed households. In general, 
regression output shows that livelihood assets contribute to recovery 
from the impacts of erratic rainfall. Signs on the coefficients show the 
direction of the relationship, while magnitude suggests the effects on 
recovery from the impacts of erratic rainfall. 

The results (Table 6) show that there is a negative and significant 
correlation between natural and social assets to the period of recovery 
from erratic rainfall while there is a positive and significant correlation 
with financial assets for male headed households. The results show that 
a unit increase in natural assets for the male headed households (p < 0.1) 
can decrease the recovery period by about 1.8 months while a unit in-
crease in social assets can decrease the period of recovery from erratic 
rainfall by 2.5 months (p < 0.01). Furthermore, a unit increase in 
financial assets increase the recovery period from erratic rainfall (p <
0.05) by about 2.4 months for male headed households. Most male 

respondents during one-on-one interviews indicated that food shortages 
due to erratic rainfall are often abated by the proceeds of fishing. During 
men FGDs, it was learnt that financial resources are open for a range of 
uses apart from buying food, thus do not guarantee speedy recovery 
from food shortages due to erratic rainfall. 

Analysis shows that there is a negative and significant correlation 
between social and human assets to the period of recovery from erratic 
rainfall for female headed households. A unit increase in social assets 
will decrease recovery by about 3 months (p < 0.01). Similarly, a unit 
increase in human assets will decrease the period to recovery from the 
impacts of erratic rainfall (p < 0.05) by 3.1 months. It was agreed during 
female FGDs that women primarily depend on casual labour in other 
people’s farms to earn income and buy food during lean period. In case 
of humanitarian assistance from policy actors, female respondents dur-
ing both one-on-one interviews and FGDs said sharing of food in critical 
months is what ensures that all survive together. These responses indi-
cate that household assets are critical for recovery at household level, 
however, social capital becomes vital for survival in most dire situation 
if some have benefited from humanitarian assistance. 

3.3.2. Implications of livelihood assets on recovery from floods 
Similarly, the simple linear regression analysis outputs show the 

contribution of livelihood assets to recovery from floods for male and 
female headed households (Table 7). 

Like results in 3.3.1, the regression model results for both male 
headed and female headed households show that the model is generally 
consistent suggesting the estimated results are reliable. The model 
output shows that livelihood assets explain approximately 11 % of the 
variance of dependent variable for male headed household and about 25 
% for female headed households. In general regression output shows 
that livelihood asset contributes to recovery from the impacts of floods 
for both male and female headed households. 

Social and human assets depict a significant and negative correlation 
with the recovery period from floods while physical assets depict a 
positive and significant relationship for male headed households. The 
results show that a unit increase in social assets will decrease recovery 
period by 1.8 months (p < 0.00) similarly, a unit increase in human 
assets will decrease recovery period from the impacts of floods by 1.6 
months (p < 0.1). The results however show that a unit increase in 
physical assets will increase recovery period by 1.9 months (p < 0.05). It 
was observed that since males under uxorilocality cannot own assets like 
infrastructure after the end of marriage their dependance on such assets 
is largely low and consequently their investment in such assets is equally 
low. 

For female headed households, results show that social and human 
assets have a significant but negative correlation to the period of 

Table 5 
Mean comparison of the period (in months) to recovery from erratic rainfall and 
floods for male and female headed households.  

Impact of climate 
change 

Male 
headed 

Female 
headed 

T - 
Statistic 

df Sig 

Erratic rainfall 3.49 
(1.958) 

3.35 (2.043) − 0.118 214 0.906 

Floods 3.23 
(1.943) 

4.13 (2.572) − 2.906 215 0.004 

Figures in parathesis are Standard Deviation (SD). 

Table 6 
Regression output for the livelihood assets categories against period of recovery 
from erratic rainfall disaggregated by gender.  

Assets 
categories 

Male headed households Female headed households 

Coef. t P value Coef. t P value 

Natural assets − 1.851 − 1.87 0.063* − 1.684 − 0.93 0.358 
Social assets − 2.510 − 3.72 0.000*** − 3.039 − 4.06 0.000*** 
Financial 

assets 
2.421 2.49 0.014** − 7.919 − 1.62 0.110 

Human assets − 1.443 − 1.63 0.105 − 3.102 − 2.23 0.029** 
Physical assets − 1.207 − 1.29 0.198 − 2.130 − 1.45 0.151 
Constant 6.054 8.27 0.000*** 7.512 6.57 0.000***  

Number of observations = 140 Number of observations = 76 

R-squared = 0.167 R-squared = 0.258 
F (5, 134) = 5.36 F (5, 70) = 4.87 
Prob > F = 0.000 Prob > F = 0.000 

Significance levels × significant at 10 % ** Significant at 5 % ***Significant at 1 
%. 

Table 7 
Regression output for the livelihood assets categories against period of recovery 
from floods disaggregated by gender.  

Assets 
categories 

Male headed households Female headed households 

Coef. t P > t Coef. t P > t 

Natural assets − 1.085 − 1.07 0.286 − 3.645 − 1.58 0.118 
Social assets − 1.835 − 2.65 0.009** − 3.803 − 4.03 0.000*** 
Financial 

assets 
1.258 1.26 0.210 0.562 0.09 0.927 

Human assets − 1.599 − 1.76 0.080* − 4.108 − 2.33 0.022** 
Physical assets 1.964 2.05 0.042** − 2.162 − 1.17 0.247 
Constant 4.393 5.85 0.000*** 9.129 6.34 0.000***  

Number of observations = 140 Number of observations = 77 

R-squared = 0.108 R-squared = 0.248 
F (5, 134) = 3.26 F (5, 71) = 4.70 
Prob > F = 0.008 Prob > F = 0.000 

Significance levels × significant at 10 % ** Significant at 5 % ***Significant at 1 
%. 
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recovery from the impacts of floods. A unit increase in social assets will 
reduce recovery period from floods by 3.8 months (p < 0.01) while a 
unit increase in human assets will decrease recovery period by 4.1 
months (p < 0.05). This signifies the importance of human and social 
assets that play a critical role in recovery because female headed 
households are excluded from fishing thus, they depend on casual labour 
or social network to survive through period of extreme food shortages. 

4. Discussion 

4.1. Impacts of climate change on livelihood activities 

In general, the study has showed main impacts of climate change that 
affect livelihood activities in the study area. It has further showed the 
comparative distribution of livelihood assets and their contribution to-
wards recovery from the impacts of floods and erratic rainfall for male 
and female-headed households. 

4.2. Contribution of macro and micro factors towards access to livelihood 
assets and resilience 

Albeit the paper’s focus is on micro level dynamics that influence 
gender disparities in climate change resilience, we know that macro- 
level factors equally contribute to the phenomenon. For instance, 
Aryal et al. (2021) and Yasin et al. (2021) recognized poor governance, 
ineffective policy formulation and implementation as macro factors that 
affects climate change resilience across population strata. In Malawi, 
Lovell (2021) noted that although there have been efforts to address 
gander inequalities at policy and programming levels, evidence shows 
uneven outcomes on resilience between male and female-headed 
households due to gender-irresponsive budgets, policy incoherence 
and lack of coordination across sectors and scales. These challenges 
imply unequal support to increase access to livelihood assets for even 
resilience outcomes between male and female-headed households. 

4.3. Role of livelihood assets on climate change resilience 

This study focused on micro level analysis to understand the role of 
resource distribution towards recovery from floods and erratic rainfall. 
This study found that ability and speed to recovery from the impacts of 
floods and erratic rainfall depend on resource endowment that enable 
households to pursue alternative livelihood activities. (Asmamaw et al., 
2019; Gyawali et al., 2020). Male and female-headed households in 
Phalombe district access different assets differently owing to institu-
tional, socio-cultural, and economic factors. 

4.3.1. The impact of human assets on resilience 
Human assets play a vital role in sustaining livelihoods especially in 

rural communities of developing countries (Pour et al., 2018). The re-
sults revealed that male-headed households have relatively higher 
human assets compared to female-headed households. This finding 
concurred with studies from South Africa and Ghana that found that 
male-headed households had more human assets than female-headed 
households (Flatø et al., 2017; Kpoor, 2019). The human asset index is 
comprised of the education level of the household head, incidents of 
sickness during the rainfed crop production period and available 
household labor. The study found that male heads were relatively more 
educated than female heads. This finding concurs with Graetz et al. 
(2018) who also found that male-headed households exhibit higher 
education compared to female headed households in most Africa 
countries. The study found that female-headed households reported 
higher proportions of sick people during rain-fed production season. It 
was reported during Female FGD that most common diseases during 
rainy season are diarrhea, cholera, and malaria. This finding concurred 
with the government report which indicated that the study area is often 
plagued with water and vector borne diseases such as cholera, malaria, 

and bilharzia during rainy season (GoM/DSoER, 2012). Respondents 
attributed higher frequency of sickness in female-headed households’ 
poor sanitation and low participation of female heads in household 
chores as they are committed to crop management activities in their 
fields. In terms of sickness during rain-fed production season, Further-
more NSO (2020a) also reported a higher proportion of individuals 
(10.8 %) who suffered chronic illnesses in female-headed households 
compared to 7.9 % in male-headed households. Our results agreed with 
Flatø et al. (2017) who found that male-headed households had more 
labor than female-headed households. This also concurred with analysis 
by NSO (2020a) that showed that on average male-headed households 
have 4.6 people in the household compared to 3.9 for female-headed 
households. 

Our findings show that human assets were vital to recovery from the 
impacts of erratic rainfall for female headed but not for male-headed 
households. Despite having lower human assets compared to male- 
headed households, the study found higher reliance on the meagre 
human assets because female-headed households highly depend on 
narrow livelihood options, mostly casual labor thus slight changes in 
labor causes significant impact on recovery period from erratic rainfall. 
Kakota et al. (2011) in Malawi found that female-headed households 
pursued limited livelihood activities because of other responsibilities 
such as childcare. Considering that male-headed households had more 
educated and healthier labor, fewer members could earn more income 
from a range of activities including fishing, which could not be possible 
for female-headed households where most of the labor relied on narrow 
livelihood base especially casual labor to earn income. 

However, human assets were vital for recovering from floods for 
both male and female-headed households. This was because floods 
caused a wide range of damage from washing away crops to destruction 
of houses as such higher labor endowment hastened recovery for both 
type of households as more people implied division of labor to attend to 
both infrastructural restoration and fending for the household. Our 
findings agreed with Uy et al. (2011) in Philippines who found that 
human assets significantly contribute towards climate change resilience. 

4.3.2. The impact of social assets on resilience 
Social assets form a basic network for rural households to draw 

various resources and recover from a shock (Endris et al., 2018). In our 
study there was no statistically significant difference in social assets 
between male and female headed households. Nguyen and Nordman 
(2018) found that rural households rely on complex social networks 
largely comprised of family and friends who mobilize support to enable 
a household to recover from a range of shocks. However, Pour et al. 
(2018) found weak social assets endowment amongst natural resources 
dependent communities. According to Cerrato and Cifre (2018), males 
easily connect with a wider community because of their ease of mobility 
unlike adult females who often strongly connect with smaller networks 
within the community. Dependence on such networks is contingent on 
complex socio-cultural factors that can either impede or enhance 
resilience. 

Social networks are main sources of support in rural communities in 
times of shocks (Smith et al., 2012; Ntontis et al., 2020). According to Uy 
et al. (2011) strengthening social networks helps households to diffuse 
the impacts of climate induced shocks. However, MacGillivray (2018) 
reported there is a non-monotonic relationship between social capital 
and disaster resilience. In this study, it was found that both types of the 
households sought income and food from friend and family to recover 
from the impacts of dry spells and floods. Our findings suggested that 
social networks were key assets that locals depend on to recover from 
the impacts of climate change. Incidents of sharing food between com-
munity members during times of crisis have also been previously re-
ported (Kita, 2019; Margolies, 2019). Sustainability of interventions 
aimed at strengthening rural capacity to recover from the impacts of 
climate change may require understanding and strengthening of social 
capital for both male and female-headed households. 
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4.3.3. The impact of natural assets on resilience 
The results of this study revealed that male-headed households had 

significantly higher natural assets compared to female-headed house-
holds. The index comprised of ownership of agricultural land, distance 
between a plot and water source at the wetland and involvement in 
fishing. Berge et al. (2014) found that women have higher ownership of 
land in Phalombe because of uxorilocal post marital arrangement. 
However, increased incidents of sale of customary land as reported by 
Kambewa (2005) and Chiwaula et al. (2012) has steadily increased land 
ownership by males in male headed households. Key Informants in this 
study further indicated that local leaders offer land under 
quasi-contractual arrangements which enable both males and females to 
access land if they can afford it. Proximity to water sources at the wet-
lands was random as such no specific type of the household had an 
advantage over the other. However, this enables a household to irrigate 
crops using low-cost technologies or residual moisture. This study found 
that fishing is for males and thus female-headed households without a 
male adult do not rely on fishing as a livelihood activity. Male domi-
nance in fishing was also reported by Chiwaula et al. (2012). 

Natural assets are a significant source of livelihood resilience for 
rural households in developing countries (Uy et al., 2011; Fischer, 2018 
Quandt et al., 2019). Our results in this study revealed that natural assets 
contribute significantly to recovery from the impacts of erratic rainfall 
for male-headed households, unlike for female-headed households. 
Apart from proximity to water sources and ownership of land, males 
have disproportional advantage in fishing that enables them to earn 
income unlike females from female-headed households. Shortage of 
food and income are often experienced during fishing season thus males 
from male-headed households switch to fishing as the main livelihood 
activity unlike female-headed households who cannot benefit from fish 
resources. This is possibly the main distinguishing factor that enhance 
the speedy recovery by male-headed households compared to 
female-headed households. Interventions to increase the usefulness of 
natural assets for female-headed households may require investment in 
irrigation and land productivity interventions to maximize their gains 
from farming since traditionally they cannot engage in fishing. Alter-
natively, deliberate interventions can be implemented to increase 
participation of women in the fish value chain as off takers or processors 
in order to benefit from the fish resources. 

4.3.4. The impact of physical assets on resilience 
Physical assets comprise household possessions that are owned as 

valuables. Physical assets play a vital role in abating the impact of 
shocks (Hedner et al., 2011). The physical assets index constituted a 
summation of the value of owned household property; value of livestock 
owned, and the number of habitable houses owned by the household. 
This study revealed that male and female-headed households have 
comparable physical assets. This contradicted findings by Gaddis et al. 
(2018) who reported that male-headed households are known to own 
relatively more household assets than female-headed households. 
However, prevalent uxorilocal post marital arrangements in the study 
area might have caused female-headed households to equally retain 
comparable amount household assets in instants of divorce, separation 
or even death. 

This study found that physical assets significantly contribute to a 
longer period to recovery from floods by male-headed households. It was 
noted that husbands under uxorilocal arrangement were less committed 
to asset accumulation and long-term investments at the household level. 
A study in Nigerian matrilocal society reported that males were less 
committed to their families and the village in general because of low 
sense of security on their investments (Ene-Obong et al., 2017). The 
same was echoed during a Key Informant Interview in this study where 
the chief cited the low commitment of men to their families and to 
village development activities. Physical assets are therefore not critical 
in enabling male-headed households to hasten recovery from floods and 
erratic rainfall; however, walling materials are vital in enabling 

households to withstand the impacts of floods. 

4.3.5. The impact of financial assets on resilience 
Financial assets are a readily source of capability to offset losses that 

are experienced due to various shocks (Jezeer et al., 2019). The results 
from this study showed that male headed households have a signifi-
cantly higher financial base than female headed households. This 
finding concurred with Kpoor (2019) who found that male-headed 
households have relatively higher financial assets than female headed 
households. Similarly, the results echoed Idris (2018) who also noted 
that males easily source financial assets because of their ability to pursue 
a wide range and lucrative livelihood activities unlike their female 
counterparts who are largely burdened with reproductive and house-
hold chores. 

Regardless of male-headed households having more financial assets, 
the results of this study showed that financial assets increased the period 
of recovery or retarded recovery from the impacts of erratic rainfall for 
male-headed households. A study in Southeast Nigeria found that 
expenditure and savings patterns for male heads were often focuses on 
immediate consumption needs while the rest of the earnings were spent 
outside their homes (Opata et al., 2020). Barnes et al. (2020) also re-
ported no relationship between financial assets and resilience. However, 
Sujakhu et al. (2019) reported that financial assets increase resilience to 
the impacts of climate change. Disparities in the importance of the assets 
towards resilience might be due to specific socio-economic context in 
which the financial assets are used. 

5. Conclusion 

The study investigated impacts of climate change on various liveli-
hood activities and the contribution of livelihood assets towards re-
covery from erratic rainfall and floods. The study has showed that male 
and female-headed households have varying access to the livelihood 
assets, which contribute differently towards main livelihood activities. 

The findings have demonstrated that gender influence access to and 
the utilization of various assets to recover from the impacts of climate 
change. Male-headed households have better access to human, financial 
and natural assets that add advantage for them to abate the impacts of 
erratic rainfall and floods. These differences are due to both macro 
factors such as gender insensitive resource allocation for resilience in-
terventions and micro factors such as cultural traditions and norms that 
exacerbate differences in access to livelihood assets and resilience out-
comes between male and female headed households. Considering that 
farming is the principal livelihood activity, female-headed households 
need interventions to increase productivity of human and natural assets 
to increase their resilience. In practice, there is a need to increase access 
to education for women and girls as well as access to health services to 
strengthen their human assets base. Cognizant that females headed 
households are less connected to wider financial networks, deliberate 
interventions can also be directed towards improving women’s access to 
financial resources such as loans. The major difference in natural assets 
for male and female-headed households might have emerged from the 
social exclusion of women from fishing. Interventions should therefore 
be designed to increase women participation in the fish value chain so 
that they can start to significantly benefit from fisheries resources. 
Women can be empowered with various fish processing and preserva-
tion skills to add value and sale in high value urban markets. 

At macro level, studies show that different climate change resilience 
outcomes between male and female headed households are rooted in 
unequal resource allocation towards climate change resilience in-
terventions. It can therefore be recommended that deliberate budgetary 
allocation for policy and programme implementation can promote eq-
uity between male and female headed households in terms of access to 
vital livelihood assets to build climate change resilience. 

This paper has shown that social assets are key to recovery from the 
impacts of erratic rainfall and floods for both male and female-headed 
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households. Interventions to enhance social cohesion should incorporate 
education through skills development in enterprise management to 
diversifying livelihood sources. A similar study should be done to 
explore how matrilineal and patrilineal traditions contribute to access 
and ownership of livelihood assets. This would generate evidence 
around the role of the two traditional systems in climate change resil-
ience for male and female-headed households. 
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Appendix 1. Key socio-economic and demographic characteristics disaggregated by gender  

Appendix 1. Key socio-economic and demographic characteristics disaggregated by gender.  

Categories Quantitative variables National level Source 

Male headed households Female headed household 

Physical Ownership of assets (Poverty) 18.60 % 25.30 % Poverty Report 2020. (National Statistical Office, 2020)  
Ownership of a house 53 % (43 %) 59 % (35 %) MDHS 2015-16. (National Statistical Office, 2017)  
Value of owned livestock 45.60 % 38.30 % Fifth IHS Report. (National Statistical Office, 2020a) 

Human Education of household head 6.6 Years 5.6 Years MDHS 2015-16. (National Statistical Office, 2017)  
Household size 4.6 3.9 Fifth IHS Report. (National Statistical Office, 2020a)  
Incidents of sickness 25 28.6 Fifth IHS Report. (National Statistical Office, 2020a) 

Social Help from relations 9.90 % 17 % Fifth IHS Report. (National Statistical Office, 2020a) 
Financial Access to loans 18.40 % 16 % Fifth IHS Report. (National Statistical Office, 2020a)  

Employment 83.30 % 79.60 % PHC 2018. (National Statistical Office, 2018)  
Savings 6.80 % 3.70 % Fifth IHS Report. (National Statistical Office, 2020a) 

Natural Size of owned arable land 1.5 Acres 0.9 Acres Fifth IHS Report. (National Statistical Office, 2020a)  
Land ownership (Individual) 51 % (42 %) 58 % (37 %) MDHS 2015-16. (National Statistical Office, 2017)  
Farming during dry season 20.20 % 14.30 % Fifth IHS Report. (National Statistical Office, 2020a)  
Involvement in fishing No data No data – 

PHC [Population and Housing Census] MDHS [Malawi Demographic and Health Survey] IHS [Integrated Household Survey]. 
Notes: Results of the fifth Integrated Household survey showed that main source of loans in Phalombe was village bank (39.3) followed by informal moneylender 35.6 
% and thirdly relatives and friends 10.1 %. 

Appendix 2. Example of how livelihood indices were computed

F.B. Musa et al.                                                                                                                                                                                                                                 



Environmental and Sustainability Indicators 22 (2024) 100347

11

References 

Ampaire, E.L., Acosta, M., Huyer, S., Kigonya, R., Muchunguzi, P., Muna, R., 
Jassogne, L., 2019. Gender in climate change, agriculture, and natural resource 
policies: insights from East Africa. Climatic Change. https://doi.org/10.1007/ 
s10584-019-02447-0. 

Andrijevic, M., Crespo Cuaresma, J., Lissner, T., Thomas, A., Schleussner, C.-F., 2020. 
Overcoming gender inequality for climate resilient development. Nature Communic. 
11 (1) https://doi.org/10.1038/s41467-020-19856-w. 

Ankrah, D.A., Freeman, C.Y., Afful, A., 2020. Gendered access to productive resources – 
evidence from small holder farmers in Awutu Senya West District of Ghana. 
Scientific African 10, e00604. https://doi.org/10.1016/j.sciaf.2020.e00604. 

Aryal, J.P., Sapkota, T.B., Rahut, D.B., Krupnik, T.J., Shahrin, S., Jat, M.L., Stirling, C.M., 
2020. Major Climate risks and Adaptation Strategies of Smallholder Farmers in 
Coastal Bangladesh. Environ. Manag. https://doi.org/10.1007/s00267-020-01291- 
8. 

Aryal, J.P., Sapkota, T.B., Rahut, D.B., Marenya, P., Stirling, C.M., 2021. Climate risks 
and adaptation strategies of farmers in east Africa and South asia. Sci. Rep. 11 (1), 
10489. 

Asmamaw, M., Mereta, S.T., Ambelu, A., 2019. Exploring households’ resilience to 
climate change-induced shocks using Climate Resilience Index in Dinki watershed, 
central highlands of Ethiopia. PLoS One 14 (7), e0219393. 

Barnes, M.L., Wang, P., Cinner, J.E., Graham, N.A.J., Guerrero, A.M., Jasny, L., et al., 
2020. Social determinants of adaptive and transformative responses to climate 
change. Nature Clim. Change. https://doi.org/10.1038/s41558-020-0871-4. 

Berge, E., Kambewa, D., Munthali, A., Wiig, H., 2014. Lineage and land reforms in 
Malawi: do matrilineal and patrilineal landholding systems represent a problem for 
land reforms in Malawi? Land Use Pol. 41, 61–69. 

Braun, V., Clarke, V., 2012. Thematic Analysis. 
Brown, P.R., Afroz, S., Chialue, L., Chiranjeevi, T., El, S., Grünbühel, C.M., et al., 2019. 

Constraints to the capacity of smallholder farming households to adapt to climate 
change in South and Southeast Asia. Clim. Dev. 11 (5), 383–400. 

Campbell, B., Sayer, J.A., Frost, P., Vermeulen, S., Ruiz Perez, M., Cunningham, A., et al., 
2001. Assessing the performance of natural resource systems. Conserv. Ecol. 5 (2), 
22. Retrieved from: http://www.consecol.org/vol5/iss2/art22. 

Conceição, P., Levine, S., Lipton, M., Warren-Rodríguez, A., 2016. Toward a food secure 
future: Ensuring food security for sustainable human development in Sub-Saharan 
Africa. Food Policy 60, 1–9. 

Cerrato, J., Cifre, E., 2018. Gender inequality in household chores and work-family 
conflict. Front. Psychol. 9, 1330. 

Chuwaula, L.S., Jamu, D., Chiweza, R., Nagoli, J., 2012. The structure and margins of the 
Lake Chilwa fisheries in Malawi; a value chain analysis. The world Fish Centre, 
Penang, Malaysia. Project Report 2012 - 12. 34pp.  

Cole, S.K., Mullor, E.C., Ma, Y., Sandang, Y., 2020. “Tourism, water, and gender”—an 
international review of an unexplored nexus. Wiley Interdisc. Rev.: Water 7 (4), 
e1442. https://doi.org/10.1002/wat2.1442. 

De Silva, M.M.G.T., Kawasaki, A., 2018. Socioeconomic vulnerability to disaster risk: a 
case study of flood and drought impact in a rural Sri Lankan community. Ecol. Econ. 
152, 131–140. 

Ellis, F., 2000. Rural Livelihoods and Diversification in Developing Countries. Oxford 
University Press, Oxford.  

Endris, G.S., Kibwika, P., Obaa, B.B., Hassan, J.Y., 2018. Does the implementation of 
social safety net intervention affect indigenous social capital systems for coping with 
livelihood shocks? Ethnographic evidence of agro-pastoral communities in eastern 
Ethiopia. In: Financing Sustainable Development in Africa. Palgrave Macmillan, 
Cham, pp. 269–316. 

Ene-Obong, H.N., Onuoha, N.O., Eme, P.E., 2017. Gender roles, family relationships and 
household food and nutrition security in Ohafia matrilineal society in Nigeria. 
Matern. Child Nutr. 13, e12506. 

Erenstein, O., Hellin, J., Chandna, P., 2010. Poverty mapping based on livelihood assets: 
ameso-level application in the Indo-Gangetic Plains, India. Appl. Geogr. 30, 
112–125. https://doi.org/10.1016/j.apgeog_2009.05.001. 

Fang, Y.-P., Fan, J., Shen, M.-Y., Song, M.-Q., 2014. Sensitivity of livelihood strategy to 
livelihood capital in mountain areas: empirical analysis based on different 
settlements in the upper reaches of the Minjiang River, China. Ecol. Indicat. 38, 
225–235. 

Fischer, A.P., 2018. Pathways of adaptation to external stressors in coastal natural- 
resource-dependent communities: implications for climate change. World Dev. 108, 
235–248. 

Flatø, M., Muttarak, R., Pelser, A., 2017. Women, weather, and woes: the triangular 
dynamics of female-headed households, economic vulnerability, and climate 
variability in South Africa. World Dev. 90, 41–62. 

Gaddis, I., Lahoti, R.S., Li, W., 2018. Gender Gaps in Property Ownership in Sub-saharan 
Africa. World Bank Policy Research Working Paper, p. 8573. 

Giuliano, P., 2017. Gender: an Historical Perspective. https://doi.org/10.3386/w23635. 
Government of Malawi, 2012. Phalombe District State of Environment and Outlook 

Report 2012 – 2015. 
Government of Malawi, 2018. National Resilience Strategy (2018 – 2030) Breaking the 

Cycle of Food Insecurity in Malawi. Department of Disaster Management affairs. P.O 
Box 30136 Lilongwe, Malawi.  

Graetz, N., Friedman, J., Osgood-Zimmerman, A., Burstein, R., Biehl, M.H., Shields, C., 
et al., 2018. Mapping local variation in educational attainment across Africa. Nature 
555 (7694), 48–53. 

Gyawali, S., Tiwari, S.R., Bajracharya, S.B., Skotte, H.N., 2020. Promoting sustainable 
livelihoods: an approach to postdisaster reconstruction. Sustain. Dev. 28 (4), 
626–633. 

Hedner, T., Abouzeedan, A., Klofsten, M., 2011. Entrepreneurial Resilience. 
Idris, I., 2018. Barriers to Women’s Economic Inclusion in Tanzania, K4D Helpdesk 

Report. Institute of Development Studies, Brighton, UK.  
Ivankova, N.V., Creswell, J.W., Stick, S.L., 2006. Using mixed-methods sequential 

explanatory design: from theory to practice. Field Methods 18 (1), 3–20. 
Jauffret-Roustide, M., Cailbault, I., 2018. Drug consumption rooms: comparing times, 

spaces, and actors in issues of social acceptability in French public debate. Int. J. 
Drug Pol. 56, 208–217. 

Jezeer, R.E., Verweij, P.A., Boot, R.G., Junginger, M., Santos, M.J., 2019. Influence of 
livelihood assets, experienced shocks and perceived risks on smallholder coffee 
farming practices in Peru. J. Environ. Manag. 242, 496–506. 

Kakota, T., Nyariki, D., Mkwambisi, D., Kogi-Makau, W., 2011. Gender vulnerability to 
climate variability and household food insecurity. Clim. Dev. 3 (4), 298–309. 

Kambewa, D., 2005. Access and monopoly over wetlands in Malawi. International 
Workshop on African Water Laws: Plural Legislative Frameworks For Rural Water 
Management In Africa, p. 26. -28 January 2005, Johannesburg, South Africa.  

Kishindo, P., 2010. Emerging reality in customary land tenure: the case of kachenga 
village in balaka district, southern Malawi. African Sociolog. Rev./Revue Africaine 
de Sociologie 14 (1), 102–111. 

Kita, S.M., 2019. Barriers or enablers? Chiefs, elite capture, disasters, and resettlement in 
rural Malawi. Disasters 43 (1), 135–156. 

Kpoor, A., 2019. Assets and livelihoods of male-and female-headed households in Ghana. 
J. Fam. Issues 40 (18), 2974–2996. 

Lovell, E., 2021. Gender Equality, Social Inclusion, and Resilience in Malawi. 
MacGillivray, B.H., 2018. Beyond social capital: the norms, belief systems, and agency 

embedded in social networks shape resilience to climatic and geophysical hazards. 
Environ. Sci. Pol. 89, 116–125. 

Manandhar, M., Hawkes, S., Buse, K., Nosrati, E., Magar, V., 2018. Gender, health and 
the 2030 agenda for sustainable development. Bulletin of the World Health 
Organization 96 (9), 644–653. https://doi.org/10.2471/blt.18.211607. 

Mango, N., Makate, C., Mapemba, L., Sopo, M., 2018. The role of crop diversification in 
improving household food security in central Malawi. Agric. Food Secur. 7 (1), 1–10. 

Margolies, A.E., 2019. Seeding Change? Improving And Understanding Household Food 
Security In a Nutrition-Sensitive Agriculture Program In Malawi: A Mixed-Methods Study 
(Doctoral Dissertation. Johns Hopkins University. 

Mussa, R., 2017. Poverty in Malawi: Policy Analysis with Distributional Changes. 
Nangoma, D., Nangoma, E., 2010. Climate Change and Adaptation Strategies: a Case 

Study of the Mulanje Mountain Forest Reserve and its Surroundings Malawi. 
Nash, K., O’Malley, G., Geoffroy, E., Schell, E., Bvumbwe, A., Denno, D.M., 2019. “Our 

girls need to see a path to the future”–perspectives on sexual and reproductive health 
information among adolescent girls, guardians, and initiation counselors in Mulanje 
district, Malawi. Reprod. Health 16 (1), 1–13. 

Nasrnia, F., Ashktorab, N., 2021. Sustainable livelihood framework-based assessment of 
drought resilience patterns of rural households of Bakhtegan basin, Iran. Ecol. 
Indicat. 128, 107817. https://doi.org/10.1016/j.ecolind.2021.107817. 

National Statistical Office (NSO), 2020. Malawi poverty report. National Statistics Office. 
Zomba, Malawi.  

National Statistical Office (NSO) [Malawi], 2018. The 2018 Malawi population and 
housing Census report. The Malawi National Statistical Office. Zomba, Malawi. www. 
nsomalawi.mw. 

National Statistical Office (NSO) [Malawi], 2020a. The fifth integrated household survey 
(IHS5) 2020 report, 2020 The Malawi National Statistical Office. Zomba, Malawi. 
www.nsomalawi.mw. 

National Statistical Office (NSO) [Malawi] and ICF, 2017. Malawi Demographic and 
Health Survey 2015-16. National Statistics Office. Zomba, Malawi, and Rockville. 
NSO and ICF, Maryland, USA.  

Nelson, V., Meadows, K., Cannon, T., Morton, J., Martin, A., 2002. Uncertain predictions, 
invisible impacts, and the need to mainstream gender in climate change adaptations. 
Gend. Dev. 10 (No.2). 

Ng’ong’ola, C., 1986. Malawi’s agricultural economy and the evolution of legislation on 
the production and marketing of peasant economic crops. J. South Afr. Stud. 12 (2), 
240–262. 

Nguyen, C.H., Nordman, C.J., 2018. Household entrepreneurship and social networks: 
panel data evidence from Vietnam. J. Dev. Stud. 54 (4), 594–618. 

Ntontis, E., Drury, J., Amlôt, R., Rubin, G.J., Williams, R., 2020. What lies beyond social 
capital? The role of social psychology in building community resilience to climate 
change. Traumatology 26 (3), 253. 

Opata, P.I., Ezeibe, A.B., Ume, C.O., 2020. Impact of women’s share of income on 
household expenditure in southeast Nigeria. African J. Agric. Res. Econ. 15 
(311–2020-1780), 51–64. 

Pandey, R., Jha, S., 2012. Climate vulnerability index-measure of climate change 
vulnerability to communities: a case of rural Lower Himalaya, India. Mitig. Adapt. 
Strategies Glob. Change 17 (5), 487–506. 

Panman, A., Madison, I., Kimacha, N.N., Falisse, J.B., 2021. Saving up for a rainy day? 
Savings groups and resilience to flooding in dar es salaam, Tanzania. In: Urban 
Forum. Springer Netherlands, pp. 1–21. 

Papadopoulos, A.G., Fratsea, L.M., Karanikolas, P., Zografakis, S., 2019. Reassembling 
the rural: socio-economic dynamics, inequalities, and resilience in crisis-stricken 
rural Greece. Sociol. Rural. 59 (3), 474–493. 

Paudel Khatiwada, S., Deng, W., Paudel, B., Khatiwada, J., Zhang, J., Wan, J., 2018. 
A Gender Analysis of Changing Livelihood Activities in the Rural Areas of Central 
Nepal. Sustainability 10 (11), 4034. https://doi.org/10.3390/su10114034. 

Pour, M.D., Barati, A.A., Azadi, H., Scheffran, J., 2018. Revealing the role of livelihood 
assets in livelihood strategies: towards enhancing conservation and livelihood 
development in the Hara Biosphere Reserve, Iran. Ecol. Indicat. 94, 336–347. 

F.B. Musa et al.                                                                                                                                                                                                                                 

https://doi.org/10.1007/s10584-019-02447-0
https://doi.org/10.1007/s10584-019-02447-0
https://doi.org/10.1038/s41467-020-19856-w
https://doi.org/10.1016/j.sciaf.2020.e00604
https://doi.org/10.1007/s00267-020-01291-8
https://doi.org/10.1007/s00267-020-01291-8
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref5
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref5
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref5
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref6
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref6
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref6
https://doi.org/10.1038/s41558-020-0871-4
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref8
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref8
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref8
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref9
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref10
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref10
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref10
http://www.consecol.org/vol5/iss2/art22
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref77
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref77
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref77
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref12
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref12
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref13
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref13
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref13
https://doi.org/10.1002/wat2.1442
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref15
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref15
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref15
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref16
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref16
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref17
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref17
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref17
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref17
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref17
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref18
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref18
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref18
https://doi.org/10.1016/j.apgeog_2009.05.001
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref20
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref20
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref20
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref20
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref21
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref21
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref21
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref22
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref22
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref22
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref23
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref23
https://doi.org/10.3386/w23635
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref25
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref25
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref26
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref26
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref26
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref27
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref27
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref27
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref28
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref28
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref28
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref29
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref30
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref30
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref31
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref31
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref32
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref32
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref32
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref33
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref33
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref33
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref34
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref34
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref35
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref35
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref35
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref36
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref36
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref36
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref37
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref37
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref38
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref38
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref39
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref40
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref40
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref40
https://doi.org/10.2471/blt.18.211607
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref42
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref42
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref43
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref43
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref43
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref44
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref45
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref45
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref46
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref46
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref46
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref46
https://doi.org/10.1016/j.ecolind.2021.107817
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref49
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref49
http://www.nsomalawi.mw
http://www.nsomalawi.mw
http://www.nsomalawi.mw
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref51
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref51
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref51
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref52
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref52
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref52
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref53
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref53
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref53
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref54
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref54
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref55
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref55
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref55
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref56
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref56
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref56
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref57
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref57
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref57
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref58
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref58
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref58
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref59
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref59
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref59
https://doi.org/10.3390/su10114034
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref61
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref61
http://refhub.elsevier.com/S2665-9727(24)00015-1/sref61


Environmental and Sustainability Indicators 22 (2024) 100347

12

Quandt, A., Neufeldt, H., McCabe, J.T., 2019. Building livelihood resilience: what role 
does agroforestry play? Clim. Dev. 11 (6), 485–500. 

Schipper, E.L.F., Revi, A., Preston, B.L., Carr, E.R., Eriksen, S.H., Fernandez-Carril, L.R., 
Glavovic, B.C., Hilmi, N.J.M., Ley, D., Mukerji, R., Muylaert de Araujo, M.S., 
Perez, R., Rose, S.K., Singh, P.K., 2022. Climate resilient development pathways. In: 
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