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Abstract: Bonding, bridging and linking social capital can be a useful mechanism to promote sustain-
able development in low-income countries. Social capital typologies vary spatially, with the rural poor
having a specific combination. Similarly, bonding, bridging and linking social capital’s association
with sustainable development is also likely to differ spatially across a country, but there is limited
research in low-income countries. This study aims to improve understanding of the spatial variation
of bonding, bridging and linking social capital in low-income countries using Malawi as a case study.
Using secondary data and spatial statistics, including kriging and geographically weighted regression,
we explore the spatial variation of social capital typologies and their spatial associations with various
sustainable development indicators. There were three key combinations of bonding, bridging and
linking social capital, which differ from the standard model of social capital typologies for the rural
poor. We also found social capital’s association with sustainable development indicators depends on
the social capital typology, study area and the sustainable development indicator in question. With
this in mind, development practitioners, researchers and policymakers should aim to understand the
specific social capital context prior to sustainable development research or project implementation.

Keywords: social capital; sustainable development; spatial statistics; Malawi; geographic information
systems

1. Introduction

Characterising and understanding social capital has grown as a research topic over the
past two decades and has been applied to many different contexts, including sustainable
development. Within sustainable development, social capital has been defined as “the
institutions, relationships, attitudes and values that govern interactions among people and
contribute to economic and sustainable development” [1].

Social capital has been associated with, and deemed useful within, sustainable devel-
opment and is now an important explanatory concept for sustainable development [2,3].
Community groups, a common proxy for social capital, have been linked with sustain-
able agriculture practises such as improved water efficiency, uptake of agroforestry and
improvement of soil health [4]. Similarly, the local social network structure required for
rural sustainable development relies on strong social capital [5]. Communities that rely
on one another and have active community groups live by a set of social norms and rules,
which keep one another accountable, resulting in more sustainable practises. Research
has also found higher amounts of social capital are associated with lower poverty [6],
higher incomes [7], better public health [8] and successful climate adaptation [9]. Social
capital is particularly important in resource-dependent communities as it is the backbone of
sustainable resource management and adaptation to climate change [4,10]. Without good
resource management and adaptation, these communities may be vulnerable to a multitude
of issues such as extreme weather events, environmental degradation and food insecurity.

In low-income, resource-dependent communities, social capital is integral to many
parts of life such as health, finances and accessing food. Social capital can be used to
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improve access to credit or enterprise loans needed to invest in livelihoods [11] or for the
poorest in society is used to access informal loans required to pay for basic needs [12].
Similarly, social capital may improve health outcomes and has been associated with better
access to health facilities [13], improved neonatal health outcomes in Uganda [14] and the
development of community-based health insurance in Nepal [15]. Finally, both rural and
urban food security can be influenced by social capital through urban agriculture groups in
South Africa [16] and women’s social groups in rural Ethiopia [17].

Although existing research has identified social capital as an important concept within
sustainable development, a deeper understanding of how social capital and sustainable
development are associated is lacking. Spatial patterns in the different types of social capital
and how they relate to specific sustainable development indicators are not widely known.
The widely used social capital theory and measurements are also based on social capital in
high-income countries; however, the social capital context in low-income countries is differ-
ent to that of high-income countries [18]. A lack of understanding of the aforementioned
issues has limited the use and impact of social capital within sustainable development
projects and policy. This study provides original contributions to the literature by exploring
the spatial patterns of social capital typologies and their associations with sustainable
development in a low-income context.

Social Capital

Social capital has experienced renewed interest since the 1990′s after Putnam’s re-
search found civic engagement was declining in the USA and questioned its impact on
democracy [19]. Putnam’s work on social capital, along with two other key scholars [20,21],
is a key source of social capital theory in current social capital research. Social capital can
be used to meet objectivess, grasp new opportunities, build collective action and manage
crises [19] and can exist from the individual to the multinational level. Within each relation
or interaction, there are positive externalities that can manifest as resources or information.
Social capital is interlinked with other capitals; financial, human, physical and natural [22]
and can influence various parts of an individual’s life and wider society.

The World Bank’s Social Capital Institute was a key source of research on social capital,
with a specific focus on economic development [1]. In the case of economic development,
social capital plays a role in enhancing incomes and employment and decreasing transaction
costs. At the sub national level, social capital was the second most important predictor
of GDP growth in the USA [23], with a multi-country and multidecadal study showing a
similar result [24], although it must be noted no low-income countries were included.

Social capital’s relevance is particularly important in contexts where formal institutions
and government planning are limited [25] and social capital acts as a source of information
and resources that would otherwise be difficult to access. For example, in countries where
formal credit is only accessible by large-scale farming businesses, small-scale farmers set
up their own informal credit systems [12]. Similarly, Social Impact Bonds are established
between the private and public sector to tackle social problems, such as crime or youth
unemployment, to account for the public sector’s shortcomings which have failed to find
a solution [26]. Social capital’s relevance varies depending on the type of social capital,
context and level of analysis; however, research agrees it plays a role in people’s social
relations, livelihoods and ability to withstand crises.

Social capital is multidimensional and can be unpacked into its different dimensions,
typologies and levels. The three dimensions are cognitive, relational and structural [27].
Cognitive social capital represents how people feel and think about one another, as well as
their shared values, whilst the relational dimension focuses on trust and norms. Structural
social capital refers to the connections and networks between people and groups of people
who are governed by rules. Structural social capital is more objective, open to quantitative
measuring and recognises the importance of social networks and connections. Structural,
cognitive and relational social capital are interlinked. For example, trustworthiness is
key for the formation, continuation, and fee collection of community water management
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groups [28]. Although the dimensions are interlinked, often only one or two of the dimen-
sions are adopted in research which depends on the research question, data availability
and disciplinary background [27]. In the case of sustainable development, it is generally
agreed that structural social capital is the most useful. Structural social capital has resources
embedded within relationships, such as food or money, hence has more of an association
with improvements in development outcomes [2,29].

Within the structural dimension of social capital, there are three typologies: bonding,
bridging and linking [30–33]. Bonding social capital reflects relationships between people
who have a shared background, culture and identity, such as family and friends [34].
Bridging social capital refers to relations between people or groups who work together
for a mutual benefit [35] and can include farmer cooperatives or women’s groups. This
collective action can be between people with homogenous and heterogenous characteristics,
but regardless, the formal power dynamic is equal. Earlier social capital research described
bonding and bridging social capital as strong and weak ties, respectively [36]. Putnam
alleged that bonding social capital is used for ‘getting by’ [37], with poor rural communities
using their bonding ties to ensure basic needs, such as food, water and shelter. Meanwhile,
bridging social capital is for ‘getting ahead’ and can help communities take the steps needed
to develop beyond just meeting basic needs.

Linking social capital was added as the third typology to acknowledge the power
dynamics that exist within relationships, which Putnam was originally criticised for ig-
noring [38]. Linking social capital refers to relationships between people or groups that
have an unequal power dynamic. Linking social capital can provide resources, information
and skills to people that may struggle to access them on their own [30], so it is particularly
important in resource-dependent communities. The connection between an NGO and a
rural community can be described as linking social capital [30].

Although it is agreed that social capital is multidimensional and various dimensions
or typologies need to be considered in research [2,39,40], there is a continued overreliance
on using one social capital indicator [9,39,41–43]. Using multiple typologies in social capital
research is paramount as bonding, bridging and linking social capital are associated with
different sustainable development outcomes in different ways, which will vary depending
on the context [44]. For example, bonding social capital was associated with higher food
security in Nigeria, with bridging social capital having no association [45]. In contrast,
bridging social capital was associated with higher food security in Uganda, with bonding
social capital having no association [32]. Whilst social capital has potential to help commu-
nities develop sustainably, the association between social capital typologies and specific
sustainable development outcomes needs to be well understood within the specific context.

Social capital’s usefulness within sustainable development is also limited due to
spatial variations of the social capital typologies being under-acknowledged. Social capital
exists in a specific space [44], meaning the locations of communities or households will
impact the social capital they have and how it is used. For social capital to be maintained
and utilised, people need to be able to communicate, which is dependent on face-to-face
interactions or technology, although the latter may not be an option in the low-income
country setting [46]. If social capital typologies are space-dependent, spatial variations will
exist. Spatial variations in social capital typologies are likely to be amplified in resource-
dependent communities that may have limited access and ability to maintain and utilise
certain types of social capital. Recent work [47] has found spatial north–south patterns
in bonding, bridging and linking social capital across the USA, which was particularly
pronounced for bonding social capital. Similarly, it was theorised that the rural poor have a
specific combination of social capital with high bonding, modest bridging and low linking
social capital [48]. Despite spatial differences existing, there are a limited number of studies
that explicitly address the spatial distribution of social capital [49,50] or spatially map social
capital, instead making statistical comparisons between rural and urban areas.

Due to social capital’s importance in sustainable development, it has been stated
that development practitioners and policymakers should invest in social capital [51–53].
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However, the project or policy design depends on the social capital in the study area and the
sustainable development outcome in question [2]. Social capital typologies are associated
with different development outcomes and whether they have the desired outcomes depends
on context. One first step practitioners need to take prior to actioning projects and policy
is understanding the current levels of bonding, bridging and linking social capital in the
specific context [23].

This paper aims to address the gaps in the social capital and sustainable development
literature, using Malawi as an example. First, we map the bonding, bridging and linking
social capital across the study area to explore whether spatial variations in the social capital
typologies exist, and what the key patterns are. This will indicate the current level of
bonding, bridging and linking social capital across the Southern and Central Regions of
Malawi. Secondly, the paper models the spatial association between bonding, bridging
and linking social capital and proxies for sustainable development using geographically
weighted regression. The second aim will provide an understanding of how the social
capital typologies are associated with specific sustainable development indicators and
where the association exists. This paper improves the limited knowledge of social capital
in Malawi but is also the first step for practitioners who wish to explore the stock of social
capital typologies before implementing social capital into sustainable development projects
and policy.

2. Materials and Methods
2.1. Study Site

Malawi is a small landlocked country in Southern Africa (Figure 1), which has experi-
enced limited development. Ranked 174th out of 189 countries, Malawi has a low Human
Development Index [54]. Malawi has a high level of poverty, with 69.2% of the population
living on less than $1.90 a day in 2016 [55], which is below the international poverty line.
Over 80% of the population is employed in agriculture, most of which are smallholder
farmers [56]. Malawi is characterised by poor quality of land and is particularly vulnerable
to extreme weather events, especially in the Southern Region [57]. This threatens the
livelihoods of the many smallholder farmers who are dependent on rainfed agriculture for
food and to make an income.

Social capital is described as being high in sub-Saharan African countries but is
particularly strong in Malawi [58]. Post-Independence, there was a conscious push to
maintain African values centred around tight-knit communities and a call to reject Western
individualism [59]. Going to market, attending religious ceremonies and relying on family
and friends for support are part of the day-to-day social fabric that results in strong social
capital in Malawi [58]. Nevertheless, social capital has been shown to vary between and
within communities [60]. For example, linking social capital such as NGO-led projects
and extension services vary spatially in Malawi [61,62]. Communities have different
combinations of social capital typologies which is likely to vary spatially; however, there is
little understanding of what the spatial patterns of social capital may be. A study on social
capital and health in Malawi [60] concluded that further research into bonding, bridging
and linking social capital would prove useful to understanding social capital in low-income
countries, as research is limited in this context. Understanding the spatial variations of
bonding, bridging and linking social capital will be of use to development practitioners in
Malawi who wish to implement a social capital aspect to projects and policy.

2.2. Materials

The main data source is the Fourth Malawian Integrated Household Survey (IHS4)
2016–2017, with the household and community modules being used. The IHS4 follows a
stratified two-stage sampling design, and data collection took place between April 2016 and
April 2017 [63]. The IHS4 survey has a focus on monitoring improvements in poverty and
vulnerability, and 606 data points were available across the Central and Southern Region.
Additional data were used in the geographically weighted regression (GWR) to explore
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the association between social capital typologies and proxies for sustainable development
(Table 1). As there are a vast number of sustainable development indicators and outcomes,
the Sustainable Livelihoods Framework [64] was used during conceptualisation, with a
focus on the assets pentagon, vulnerability context and shocks. Secondarily, indicators were
selected based on the availability of secondary data. Each sustainable development proxy’s
data source and spatial resolution is given in Table 1. The specific sustainable development
goal (SDG) relevance is also given, with the exception of the shock components. Data were
cleaned, extracted and analysed in RStudio [65] and the IBM Statistical Package for the
Social Sciences [66].
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Table 1. Variables used in the study and their link to the Sustainable Livelihoods Framework. Data
sources of variables stated. IHS4—Fourth Malawian Integrated Household Survey; RCMRD—Regional
Centre for Mapping of Resources for Development [67–70].

Sustainable Development
Component Sustainable Development Indicator Source Spatial Resolution Relevant SDG

Human

Population density (people/km2) IHS4 Community 3, 11

Teacher/pupil ratio IHS4 Community 4.1

Illiteracy rate (%) RCMRD District 4.6

Distance to primary school (km) IHS4 Community 1.4
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Table 1. Cont.

Sustainable Development
Component Sustainable Development Indicator Source Spatial Resolution Relevant SDG

Natural

Agricultural cover (% in 1 km buffer) IHS4 Community 2.3/15

Forest cover (% in community) IHS4 Community 15.1

Average land size in community (Acre) IHS4 Community 2.3

Financial
Main income source (farmer/non-farmer) IHS4 Community 8.3

Distance to microfinance (km) IHS4 Community 1.4

Physical

Distance to market (km) IHS4 Community 1.4

Built settlements (yes or no) WorldPop 100 m 11

Distance to urban centre (km) IHS4 Community 1.4

Distance to bus stop (km) IHS4 Community 11.2

Vulnerability
Vulnerability Index (0–100, 100 is very high

vulnerability) RCMRD Not listed 13.1/1.5

Poverty (proportion under $1.25 a day) WorldPop 100 m 1.1

Shocks

2015 flood/drought experience (Yes or No) IHS4 Community

Price shock in 2013/14 (Yes or No) IHS4 Community

Wettest month (mm) IHS4 Community

Mean temperature during wettest quarter (C0) IHS4 Community

The built settlement, vulnerability and poverty data were raster datasets, so values
were extracted for each Enumeration Area (EA). Values could not be extracted using the
coordinates provided by the IHS4 as they are offset to ensure anonymity. The demo-
graphic and health survey (DHS) methodology for working with offset coordinates was
followed [71], as the DHS and IHS4 coordinates follow a similar offset system [72].

2.3. Methods

Bonding, bridging and linking social capital were mapped across the regions by cre-
ating 3 separate indices and values were interpolated across the Central and Southern
Regions of Malawi. To understand the association between social capital typologies and
sustainable development and how this association may vary spatially, GWR was under-
taken, resulting in three separate models. Data analysis was conducted in RStudio, and
maps were produced in ArcGIS Pro.

2.4. Social Capital Indices

There are no standard proxies for estimating social capital and, therefore, no agreed-
upon guidance for creating social capital indices [31]. Certain social capital proxies, such
as group membership, are more widely acceptable than others [35]. Although there is
no standard method to measure social capital, the social capital integrate questionnaire
(SC-IQ) is the most used and consists of 6 components. In this study, the bonding, bridging
and linking social capital indices are mainly constructed from group membership, group
characteristics and social exchanges, which are widely agreed upon proxies. Table 2
shows the variables used to create the bonding, bridging and linking social capital indices,
how they relate to elements of the SC-IQ and previous studies that use similar social
capital proxies.

Table 2. Six elements of the SC-IQ, proxies in the elements of the SC-IQ, variables used in this study
that relate to the SC-IQ and their use in other studies.

Social Capital Typology Variables Used in This Study SC-IQ Category Questions/Variables
in SC-IQ

Studies Using
Similar Proxies

Bonding
Cash, food and in-kind transfers

Relied unconditionally on help from
family and friends

Groups and Networks
Group membership, group
characteristics and mutual

support
[3,31,73,74]
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Table 2. Cont.

Social Capital Typology Variables Used in This Study SC-IQ Category Questions/Variables
in SC-IQ

Studies Using
Similar Proxies

Bridging

Number of bridging groups
Number of bridging group members
Number of bridging group meetings

Groups and Networks
Group membership, group
characteristics and mutual

support
[4,32,52,75–77]

Bridging group action Collective Action

Frequency and extent of
collective action, the type of

the activities undertaken
collectively and participation

in collective action

[25,75,78]

Linking

Number of linking groups
Number of linking group members
Number of linking group meetings

Groups and Networks
Group membership, group

characteristics and
mutual support

[4,32,77]

Linking group action Collective Action

Frequency and extent of
collective action, the type of

the activities undertaken
collectively and participation

in collective action

[25]

MP Visit Empowerment and
political action

Filing petitions, attending
public meetings, meeting

with politicians, participating
in demonstrations and
campaigns, and voting

in elections.

[25]

Creating indices from social capital proxy variables can take an inductive or deductive
approach [79]. A deductive approach takes a limited number of variables that are known
to reflect the construct in question, based on past research and a priori theory. Meanwhile,
an inductive approach selects all variables that may be a suitable proxy for the construct,
resulting in a large number of variables that then need to be minimised using a variable
reduction method. Due to a limited number of social capital proxies available in the survey
and the proxies being commonly used in previous research, a deductive approach was
taken to create the bonding, bridging and linking indices.

Prior to creating the indices, variables were normalised for the community population
size and standardised by converting values into z-scores. Variables were then summed
with equal weightings and an average taken, resulting in standardised social capital indices
which could be compared. Variables were given equal weighting as caution must be
taken when giving weights across a large study site when the variables in question are so
context-specific, such as social capital [80]. For example, bridging social capital groups may
be highly important in one community but not in another community. How important
variables are in different locations, and therefore the weights they should be given, would
have required key informant interviews across the study area.

Bonding, bridging and linking social capital indices were created using the household
and community modules in the IHS4 survey. For the bonding social capital index (SCI), a
subset of questions from the household survey was used. The answers in the survey are
binary, so they were summed to a bonding score for each household, which ranged between
0 and 7. The score was aggregated to the community level by averaging the household
social capital scores in each community which allowed the bonding SCI to be mapped and
compared to bridging and linking SCI. There are issues with aggregating individual data
to the community level, such as loss of information and ecological fallacy [81], and this is a
limitation to this study. Similar aggregation issues in the construction of their social capital
indices have occurred in previous research [47], highlighting a downfall of using secondary
data survey data in spatial social capital research. The bridging and linking social capital
indices were constructed using variables from the community module of the IHS4 (Table 2).

The bonding, bridging and linking SCI were spatially interpolated across the rest
of the study area to estimate the SCI in areas where there were no data points. The
interpolation made predictions for the bonding, bridging and linking SCI in areas with
no data points, which allowed for easier visual interpretation of spatial patterns. The
ordinary kriging method was used as it is a reliable method of spatial interpolation using
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geostatistical methods [82]. Geostatistical methods account for spatial autocorrelation,
unlike deterministic interpolation methods such as inverse distance weighted interpolation
(IDW) or spline [83]. The data points in this study are not regularly spaced across the study
region, again making ordinary kriging more suitable than IDW [84]. To predict values in
unsampled areas, a model needs to be fit to the empirical semivariogram. The functions
for the semivariogram were chosen by eye to ensure they were a good reflection of the
empirical data. A gaussian semivariogram was used for the linking SCI interpolation and
a spherical semivariogram for the bonding and bridging SCI interpolation. To identify
areas that may have been poorly predicted, the output variance of prediction for each
interpolation was also mapped (Supplementary Materials Figure S1).

2.5. Geographically Weighted Regression

Spatial autocorrelation exists in most data [85], and local variations should be ac-
counted for using modelling techniques such as GWR. GWR allows for local variation
between the dependent and independent variables and sees spatial variation as something
to explore rather than a problem. Multilevel modelling and spatial lag models were consid-
ered; however, as social capital is not bound by administrative boundaries and the study
does not aim to predict social capital based on its determinants, they were disregarded. It
must be noted that GWR is an exploratory tool for understanding spatial variations [86–88],
as coefficient estimates are calculated using the same data points multiple times, which can
lead to high amounts of multicollinearity [89]. The risk of multicollinearity can be reduced
by using sample sizes exceeding 400 [90], which this study did. Despite GWR being an
exploratory method, it remains a useful method in combined environmental and social
research [86,88,91,92]. As the study aims to understand the spatial association between
bonding, bridging and linking social capital and proxies for sustainable development, GWR
is the most suitable method.

Prior to running the GWR, the spatial autocorrelation of the bonding, bridging and
linking social capital indices was estimated using the Moran’s I statistic [93]. To decide
which of the many independent variables should be included in the GWR, forward stepwise
linear regressions were performed. As linear regression and GWR are not multivariate
techniques, three separate regressions for linear regression and then GWR were performed
with bonding, bridging and linking SCI as dependent variables. GWR was performed with
the spgwr package in RStudio. The GWR were run with adaptive kernels, as observations
were not uniform across the region. The bandwidths were automatically selected in
RStudio, with the CV bandwidth being used [94]. The adjusted R2 and Akaike Information
Criterion (AICc) were calculated to assess the model performance for the linear regression
and GWR [95]. GWR parameter coefficients for each independent variable were mapped,
differentiating between significance (1–10%) and insignificance points [96].

3. Results
3.1. Social Capital Indices

The bonding, bridging and linking SCI interpolation maps (Figure 2) show spatial
differences across the Central and Southern Regions. The bonding SCI is highest in Zomba,
Lilongwe and the southwest of the Southern Region. Meanwhile, bonding SCI is lowest
in the middle portion of the study area, northwest of Lilongwe and east of Blantyre. A
large part of the central region has a high bridging SCI, as does a cluster near Blantyre. The
bridging SCI is lowest in Blantyre, Lilongwe, Zomba, the eastern portion of the Southern
Region and the north-western edge of the Central Region. Lilongwe, Zomba and an
area in the middle of the study area have low linking SCI. The highest linking SCI is
found in southwest of the Southern Region and a large western area in the Central Region.
Based on the interpolation maps, three main combinations of different levels of bonding,
bridging and linking SCI can be identified (Table 3). Combination 1 is characterised by high-
moderate bonding, low bridging and low linking social capital. Meanwhile, low bonding,
moderate-low bridging and moderate linking social capital are exhibited in Combination 2.
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Finally, Combination 3 shows high-moderate bonding, high bridging and high-moderate
linking social capital.
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Table 3. Identified combinations of different levels of social capital typologies by sub-region.

Sub Region Bonding
Social Capital

Bridging Social
Capital

Linking
Social Capital

Combination 1

Zomba (and surrounding area) High Low Low

Lilongwe High Low Low

Northwest lake shore High-moderate Low Low

Southwest High Moderate-low Low-moderate

Combination 2

West of central region Low Moderate-low Moderate-low

Blantyre Moderate-low Moderate Moderate

Top southern region Low Moderate Moderate

Combination 3
Southern tip High High High

Middle central region
(exc. Lilongwe) High-moderate High Moderate-high

3.2. Geographically Weighted Regression

The Moran’s I test was significant for bonding (p = 0.00), bridging (p = 0.00) and linking
(p = 0.01) SCI, meaning spatial autocorrelation exists for all three social capital typologies
and they were suitable for GWR. The descriptive statistics of the independent variables are
available in Supplementary Material Table S1. The final model and selected variables from
the forward stepwise regression that were used in the GWR can be seen in Tables 4–6 with
full regression tables in Supplementary Material Tables S2–S5, and the model fit in Table 7.
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Table 4. Final model selection using stepwise linear regression with bonding social capital index as
the dependent variable. Variables entered model at p-value < 0.10 and removed at p-value > 0.15.

Independent Variables Standardized Coefficients Beta T-Statistic p-Value

Distance to urban centre −0.266 −4.777 0.000
Forest cover 0.225 6.334 0.000
Drought 0.166 4.700 0.000
Income source 0.154 3.274 0.001
Population density 0.156 3.221 0.001
Land size 0.101 2.578 0.010
Flood 0.081 2.210 0.027
Distance to school 0.088 2.477 0.014
Temperature 0.161 3.186 0.002
Vulnerability −0.162 −2.806 0.005
Constant −3.499 0.001

Table 5. Final model selection using stepwise linear regression with bridging social capital index as
the dependent variable. Variables entered model at p-value < 0.10 and removed at p-value > 0.15.

Independent Variables Standardized Coefficients Beta T-Statistic p-Value

Income −0.154 −3.077 0.002
Distance to microfinance −0.146 −3.391 0.001
Illiteracy 0.166 3.565 0.000
Temperature −0.211 −3.734 0.000
Vulnerability 0.197 2.980 0.003
Precipitation (wettest month) −0.071 −1.664 0.097
population density −0.112 −2.132 0.033
Forest cover −0.080 −1.992 0.047
Distance to school −0.073 −1.827 0.068
Distance to market 0.067 1.659 0.098
Constant 4.133 0.000

Table 6. Final model selection using stepwise linear regression with linking social capital index as
the dependent variable. Variables entered model at p-value < 0.10 and removed at p-value > 0.15.

Independent Variables Standardized Coefficients Beta T-Statistic p-Value

Distance to school −0.124 −3.044 0.002
Distance to urban centre 0.100 2.431 0.015
Drought 0.069 1.702 0.089
Constant −1.296 0.196

Table 7. Model fit results from the bonding, bridging and linking SCI geographically weighted
models and linear regression models.

OLS GWR

Model Adjusted R2 AICc Adjusted R2 AICc
Bonding 0.288 −142.151 0.6667 −369.938
Bridging 0.111 1327.729 0.2867 1280.839
Linking 0.025 1152.092 0.0326 1152.891

The performance of the linear regression and GWR models are compared to determine
whether the GWR is, in fact, a better performing model. The Adjusted R2 was higher in the
GWR models compared to the linear regression suggesting the GWR models performed
better as they allow for local variations. The bonding and bridging social capital GWR
models also had lower AICc suggesting a better fit for the local GWR model than the global
OLS model. However, the AICc was lower for the OLS linking social capital model. For the
linking models, the adjusted R2 suggests the GWR is more suitable, and the AICc suggests
the OLS model is most suitable. The linking model overall is not a well-performing model
as the adjusted R2 is <0.1 for the global OLS model and is unlikely to be reflecting robust
relationships in either the global or local models [89].
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The GWR models were evaluated by mapping the local R2 values (Figure 3), which
range from 0 to 1, with 1 reflecting a perfect model [97]. In all three GWR models, the
model performed better in the southern part of the study site. As with the adjusted R2 and
AICc, the local R2 values show the bonding GWR model was most robust and the linking
GWR model did not perform well.

Sustainability 2022, 14, x FOR PEER REVIEW 12 of 26 
 

performing model as the adjusted R2 is <0.1 for the global OLS model and is unlikely to 
be reflecting robust relationships in either the global or local models [89]. 

Table 7. Model fit results from the bonding, bridging and linking SCI geographically weighted 
models and linear regression models. 

 OLS GWR 
Model Adjusted R2 AICc  Adjusted R2 AICc 

Bonding 0.288 −142.151 0.6667 −369.938 
Bridging 0.111 1327.729 0.2867 1280.839 
Linking  0.025  1152.092 0.0326 1152.891 

The GWR models were evaluated by mapping the local R2 values (Figure 3), which 
range from 0 to 1, with 1 reflecting a perfect model [97]. In all three GWR models, the 
model performed better in the southern part of the study site. As with the adjusted R2 and 
AICc, the local R2 values show the bonding GWR model was most robust and the linking 
GWR model did not perform well.  

 
Figure 3. Local R2 values the geographically weighted regression with (A) bonding social capital, 
(B) bridging social capital and (C) linking social capital as dependent variables. 

The bonding SCI GWR maps are in Figures 4 and 5. The experience of drought and a 
non-farming income are associated with a higher bonding SCI. There are clear spatial pat-
terns that exist. The association between the experience of drought and the bonding SCI 
is only significant in the Southern Region and the northwest of the Central Region. The 
association with the bonding SCI and income shows significance in the Central Region 
and the east of the Southern Region.  

Figure 3. Local R2 values the geographically weighted regression with (A) bonding social capital,
(B) bridging social capital and (C) linking social capital as dependent variables.

The bonding SCI GWR maps are in Figures 4 and 5. The experience of drought and
a non-farming income are associated with a higher bonding SCI. There are clear spatial
patterns that exist. The association between the experience of drought and the bonding SCI
is only significant in the Southern Region and the northwest of the Central Region. The
association with the bonding SCI and income shows significance in the Central Region and
the east of the Southern Region.

Vulnerability, distance to an urban centre, temperature in the wettest month and
distance to school showed both negative and positive association with the bonding SCI
(Figure 5). This highlights the importance of spatial modelling, as it captures both the
positive and negative associations between variables that would be masked in global
modelling.

In the Southern Region, shorter distances to an urban centre are associated with
a higher bonding SCI. The opposite occurs in a small number of communities in the
Central Region, where longer distances are associated with a higher bonding SCI. Higher
vulnerability was associated with a lower bonding SCI in north-eastern area of the Southern
Region and large parts of the Central Region, excluding Lilongwe. The association was
reversed in a small cluster in the west of the Southern Region, where higher vulnerability
was associated with a higher bonding SCI.

Longer distances to school are associated with higher bonding SCI in the northern part
of the Central Region and middle of the Southern Region. Meanwhile, longer distances
to school are associated with a lower bonding SCI in a small number of communities
near Zomba. Higher temperatures during the wettest month are associated with a higher
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bonding SCI in the east of the study area and a lower bonding SCI in a small number of
communities in the Central Region.

Higher maximum temperatures, longer distances to school and having a non-farming
income are associated with lower bridging SCI (Figures 6 and 7). Higher vulnerability
and illiteracy are associated with a higher bridging SCI (Figure 6). The spatial pattern
of significance with the bridging SCI is similar for both vulnerability and illiteracy rate
and is significant in most of the Southern Region and the northern half of the Central
Region. Income source shows a significant association in the south of both regions. For the
income source and vulnerability, the association with the bridging SCI is the opposite to
the association with bonding SCI. Meanwhile, the association between the bridging SCI
and maximum temperature in the wettest quarter is significant in the East of the Southern
Region and North of the Central Region.

The experience of drought and distance to urban centres are positively associated
with the linking SCI, suggesting the experience of drought and longer distance to urban
centres are associated with a higher linking SCI (Figure 8). The association between drought
and the linking SCI is only significant in the Central Region. Meanwhile the association
between distance to urban centres and linking SCI is significant across the whole study site.
A significant negative association between linking SCI and distance to school exists across
the Central and Southern Region. Longer distances to school are associated with lower
linking SCI.
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4. Discussion

The study has shown that bonding, bridging and linking social capital exhibit clear
spatial patterns in the Central and Southern Region of Malawi. The results also highlight
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the complexity of the associations between the social capital typologies and sustainable
development proxies.

Spatial mapping of the social capital typologies indicates three main combinations
of bonding, bridging and linking social capital (Table 3). These findings are in contrast to
the standard model for social capital typologies [48] which states poor, remote areas will
have high bonding, modest bridging and low linking. The combinations of social capital
typologies found in this study do not reflect the standard hypothesis particularly well, as
only a small zone in the south-western area of the Southern Region shows similarities.

Although Combination 2 (low bonding, moderate-low bridging and moderate linking
social capital) does not align with the standard model of social capital typologies, it has
some similarities with social capital combinations in a protracted crisis (low-moderate
bonding, low bridging and high linking) [33]. The protracted crisis social capital combina-
tion were found in Burundi during a period of civil war and a protracted food insecurity
crisis. Burundi’s social capital combinations for the rural poor also strayed away from
the standard model of social capital. Combination 2’s alignment with the protracted crisis
model of social capital is an unexpected and interesting finding as Malawi is not in a pro-
tracted crisis. On the other hand, Combination 3, which is characterised by a high-moderate
bonding, high bridging and high-moderate linking SCI, does not align with standard model
of the protracted models of social capital [33,48].

The assumption that poor rural communities have strong bonding social capital that
can be called upon during a crisis may not be true in all contexts, even within the same
country. Although Combinations 1 and 3 include some rural areas with higher bonding
social capital, there are rural poor areas that have only moderate or low bonding social
capital. If an entire community or region is struggling to access food or cash, people will
not be able to give food or cash transfers, as they need it for their own survival [6,98].
Combination 2 is consistent with studies that have found bonding social capital to be
weakening in rural communities in Malawi due to frequent climate shocks [98,99]. It may
be that with an increased frequency of shocks, the assumption of high bonding social
capital in rural poor areas no longer exists.

Similarly, the findings disagree with the standard models’ assumption that poor, rural
communities lack linking social capital, as Combinations 2 and 3 are characterised by
moderate and high-moderate linking social capital. This may be explained by the large
presence of NGOs and aid projects operating in Malawi [100]. NGO projects and aid, for
the most part, are aimed at those in need of assistance which is likely to be rural poor
communities. The existence of development projects can also change the social norms
around resource sharing in communities and lead to more individualistic thinking, thus
reducing bonding social capital [98], which may be the case in Combination 2. Similarly,
external assistance can create tension between recipients and non-recipients, resulting in
the erosion of bonding social capital [101,102], which may be occurring in the areas with
Combination 2.

It has been found urban and rural regions have a different social capital combination
due to contrasting livelihoods and norms [103]. This study has found that, although
urban-rural differences do exist, they are not as clear cut as expected. Combinations 1
and 2 include both rural and urban areas, and there are differences between urban areas,
with Zomba and Lilongwe having different social capital typologies to Blantyre. This
may be explained by the large number of migrants in Blantyre compared to Zomba and
Lilongwe [104]. As migrants have moved into a new community, they are unlikely to have
high amounts of bonding social capital to utilise. Outsiders are at the bottom of Malawi’s
sharing and support hierarchy and are the last to have food or cash shared with them [98].
Although classifying communities as rural or urban and poor or non-poor helps with
conceptualising social capital, it is important to recognise there will be differences in the
social capital typology combinations within such classifications.
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4.1. Social Capital Typologies and Sustainable Development

The GWR results show that social capital typologies have a different association with
the sustainable development proxies, with associations varying spatially and directionally.
Distance to urban areas is an important consideration of social capital as it impacts the
quantity and quality of social interactions [105]. Other studies in Malawi have also found
a community’s proximity to a road or a city influences its social capital [99,106], and this
study also found distances to an urban centre were associated with bonding and linking
social capital.

Communities with a longer distance to an urban centre, which can assume to be
more remote and rural, are more likely to have lower bonding social capital but higher
linking social capital. This finding is, once again, in contrast to the standard model, where
rural communities have high bonding and low linking social capital. A higher linking SCI
is associated with longer distances to urban centres, suggesting linking SCI is higher in
rural, remote communities, strengthening the idea that distance is an important factor in
communities’ stock of social capital. This is expected as the most remote communities are
likely to have NGO or government projects, assuming projects are based on need. Yet this
finding is in contrast to a previous [106] study in Malawi, which found a remote community
had less linking social capital compared to a community in closer proximity to an easy to
access road. The association between bonding SCI and distances to urban centres is only
significant in the Southern Region, so other factors such as access and cost of transport may
be contributing to the spatial differences.

Farming communities and highly vulnerable communities are associated with low
bonding SCI and high bridging SCI. Farming communities are most vulnerable to climate
shocks due to their dependence on rain-fed agriculture and small landholdings [107], and
this has been linked to reduced bonding social capital [98]. Although farming communities
may be unable to make unconditional transfers of food and cash, communities may form
groups to try and improve their situation. Community groups, such as farming and village
saving and loans groups, are popular in Malawi, hence the association between farming
communities and the bridging SCI [58]. As bonding social capital becomes less reliable,
communities may have to use and build up their bridging social capital to replace it.

4.2. Social Capital Typologies and Extreme Weather Events

There are spatial patterns in the associations between social capital typologies and
drought and maximum temperatures. Although this is expected, given EWE have spatial
characteristics, the findings have key implications for understanding the association be-
tween social capital typologies and EWE. Higher bonding social capital was associated
with experiencing the 2015/16 drought but is only significant in areas where the 2015–2016
drought had less of an impact [108]. These communities may be less impacted or less
vulnerable to shocks and, therefore, able to rely on bonding social capital [109]. However,
given bonding social capital may be waning in Malawi [98,99] and extreme weather events
are likely to increase in frequency in the future [110], these communities may struggle in
the future.

Meanwhile, higher linking social capital was associated with experiencing the drought
in the Central Region, which experienced less severe drought than the Southern Region. It
is expected that communities that experienced drought would receive NGO or government
assistance, as suggested by these findings, but the spatial differences between the Central
and Southern Regions raise further questions. An explanation of why the positive associa-
tion between linking SCI and drought is not significant in areas most effected by drought
requires further research to understand the findings. Previous research in Malawi found
bridging social capital was positively associated with favourable growing conditions [111]
and may explain why lower maximum temperatures are associated with a higher bridging
SCI in the east coast and northern area of the Central Region. These areas have lower
temperatures compared to the rest of the study area, so conditions are more favourable.
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4.3. Implications

Although social capital is deemed useful in sustainable development, this study
has shown there are complexities that affect this relationship. The stock of bonding,
bridging and linking social capital in rural poor areas are different to previous social capital
research. We have shown that secondary data can be used to map social capital typologies
and provides an indication of social capital across the regions which may be useful for
stakeholders. Bonding, bridging and linking social capital’s association with sustainable
development proxies do not always have the desired association required for communities
to develop. For example, vulnerability had a negative, positive and insignificant association
with bonding, bridging and linking social capital, respectively. The results strengthen the
previous call for development practitioners to understand the current stock of social capital
prior to project implementations [23]. We also suggest that policy or best practice should
go a step further. Firstly, the stock of bonding, bridging and linking social capital should be
understood, rather than one type of social capital. Secondly, an understanding of how the
social capital typologies may improve, or be detrimental, to specific development outcomes
should be explored during preliminary project development.

4.4. Limitations and Future Research

The linking social capital GWR model in this study does not perform well, which must
be acknowledged. It is possible linking social capital is associated with other sustainable
development indicators that are not present in this study. Nevertheless, it again highlights
the multidimensionality of social capital and why multiple indicators are required to
reflect the typologies. As with most statistical analysis, it must be recognised that the
association between social capital typologies and sustainable development indicators
does not imply causality. The findings from this study are complex and have found the
social capital typologies of the rural poor are not as expected, thus, raising more research
questions. Using secondary data analysis has proved a good first step to understanding the
bonding, bridging and linking social capital in Malawi and its association with sustainable
development and EWE. This study has made use of various secondary data sources to
explore the spatial aspects of social capital. In the absence of surveys or up-to-date data,
future research may consider mobile phone data. Mobile phone data can measure social
connectivity and networks for specific time frames [112,113] and provide estimates on
household expenditure, a proxy for poverty, in the absence of survey data [114]. Similarly,
qualitative methods may be needed to understand some of the more unexpected results of
this study.

5. Conclusions

Overall, this study has contributed to the social capital literature in four ways. Firstly,
the study has shown bonding, bridging and linking social capital vary spatially. Secondly,
the spatial patterns of the rural poor’s social capital typologies in Malawi do not align with
previous research. Thirdly, the research confirms the need to break down social capital into
its typologies as bonding, bridging and linking social capital have different spatial patterns
and associations with other variables. Finally, we highlight that social capital can indeed
be a useful concept in sustainable development, but it requires stakeholders to be more
specific in which social capital typology will be used to improve sustainable development
and that context matters.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su14159374/s1, Figure S1. Prediction Variance for bonding,
bridging and linking social capital interpolation maps. Higher values indicate lower confidence
in prediction. Table S1. Descriptive statistics of the independent variables, Table S2. Independent
variables in each for each GWR model (selected via stepwise linear regression). Table S3. Stepwise
linear regression for variable selection for the GWR with bonding social capital as the dependent
variable. Final independent variables chosen in Model 10. Table S4. Stepwise linear regression
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for variable selection for the GWR with bridging social capital as the dependent variable. Final
independent variables chosen in Model 10. Table S5. Stepwise linear regression for variable selection
for the GWR with linking social capital as the dependent variable. Final independent variables chosen
in Model 3.
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