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ARTICLE INFO ABSTRACT

Keywords: Building resilience to disasters has become a strategic goal of many risk reduction programs across the globe.
C(_’mPOSite resilience index (CRI) This is because resilience ensures that communities develop capacities which prevent or minimise loses to di-
Disaster sasters. In view of this, there is need to develop a baseline that tracks changes in resilience through time. This
E;t;z;ce study responded to this gap in Zimbabwe by developing composite resilience indices (CRI) using 26 variables
Variables that reflected 5 subdomains of resilience: community capital, economic, infrastructure, social and health. The
Zimbabwe CRI were then used to map the spatial variation of resilience across 91 districts. The results show that the ma-

jority of the districts with below moderate resilience are mainly rural and marginalised, while the most resilient
districts emerged in urban areas where service provision and infrastructure are better developed. These findings
were further subjected to factor analyses which deconstructed the overall CRI and identified six latent factors
behind resilience: infrastructure, health, household head, and income, access to maize and fortified food. These
factors were mapped in a GIS environment to show their geographic variation in the country. Furthermore,
Moran’s Index and the Getis Ord Gi* statistical tests were applied to determine clusters of resilience across space.
Results confirmed the spatial clustering of CRI. The results are therefore, useful in planning mitigation, response

and preparedness measures across the country.

1. Introduction

Since the era of the Hyogo Framework for Action (HFA) 2005-2015,
resilience has increasingly become a buzzword in various disciplines,
especially in relation to development, disasters and economic downfalls
[1,2]. The term resilience has also received a wide policy appeal at
global level. For example, resilience is currently integral to the Sus-
tainable Development Goals (SDGs), the Sendai Framework for Disaster
Risk Reduction (SFDRR), the United Nations’ Agenda 2030, and the
Paris Agreement [3-5]. Fundamentally, building resilience entails ca-
pacitating population groups to better deal with systematic shocks/-
stressors. Every community operates as a system with many interactions
and interdependencies with other systems [6]. Thus disaster induced
damages in one community can cascade and result in negative effects
onto related factors in the community and other systems. To many
disaster management and development practitioners, resilience is a
conceptual tool that is useful to understand how population groups deal
with changing hazards that affect their livelihoods [7]. Inevitably, this
has increased the demand for methods of quantifying resilience in
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different contexts across the globe.

Nevertheless, the measurement of resilience has been fraught with
conceptual, technical and methodological challenges [8]. Some defini-
tions and methodologies proposed to measure resilience are contested
[9]. For example, Holling’s definition of resilience emphasises on sta-
bility of systems [10], yet Bogardi and Fekete [11]’s definition focus on
systems’ rapidity to recovery after a hazardous event. Likewise, some
scholars view resilience as a goal or outcome, but others consider it as a
process to achieve a desired goal [12,13]. Also, there are some defini-
tions which consider resilience as the opposite of vulnerability, a view
that is criticised by many authors [14]. In addition, there is no agree-
ment on the choice of indicators to use, scale of analysis, and how to
recognise the localised nature of resilience [2]. Notwithstanding these
challenges, there is significant interest in the use of resilience metrics
across various programmes of development and humanitarian organi-
sations [15,16].

Zimbabwe is currently on the drive to build resilience to disasters so
as to ensure continued progress towards the improvement of the well-
being of its citizens. This programme is being spear-headed by the
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Ministry of Agriculture with technical and financial support from the
United Nations Development Programme (UNDP), European Union (EU)
and the United Kingdom’s Department for International Development
(DFID) [17]. However, there is no baseline study that has been under-
taken to benchmark the current drive to a resilient nation. Therefore,
this study applied the disaster resilience of place (DROP) model to assess
inherent resilience to disasters in Zimbabwe. The study provides an-
swers to these two questions: (i) How does resilience manifest itself
across Zimbabwe? (ii) What factors are driving inherent resilience in
Zimbabwe? By answering these questions, this study becomes the
baseline that will allow comparisons and monitoring of the progress
towards building resilience across the districts in Zimbabwe. The base-
line is also useful for targeted interventions in order to enhance resil-
ience to disasters.

After this introduction, Section 2 critically examines the measure-
ment of resilience. In Section 3, we describe the methods employed to
compute the composite resilience index (CRI) before providing the re-
sults in Section 4. This will be followed by the discussion of the results,
conclusion and policy implication for resilience building.

2. Understanding resilience
2.1. Defining resilience

Despite being a popular term, resilience is still a vague concept. The
shared use of the term does not, however, signify unified concepts or
definitions of resilience. Many scholars find it difficult to agree on a
common definition of resilience. This is because resilience is defined in
relation to risks which evolve differently in different local scenarios. As a
result, there has been a dozen of definitions which reflect different
research disciplines including ecology, engineering, psychology,
disaster and socio-ecology [18]. In ecology, where some scholars claim
the term was first coined, resilience is viewed as ‘a measure of persis-
tence of systems and their ability to absorb changes and disturbances
and still maintain the same relationships between populations or state
variables’ [10]:14). This view aligns very well with the meaning of the
Latin word resilio (to jump back) from which resilience was derived
[19]. However, resilience is not about jumping back to the original
position because that would reinforce the conditions that led to the di-
sasters. Rather, resilience involves abilities to transform instead of
retaining the status quo [20]. Hence, issues of persistence and change in
non-linear systems have gained much traction in resilience literature.

While the ecological resilience focuses on absorbing changes induced
by hazards, the engineering perspective is centred on a speed and effi-
cient return to normality after a hazardous event [21]. It links resilience
to four properties (commonly referred to as 4Rs): robustness (ability to
withstand shocks), redundancy (functional diversity), resourcefulness
(ability to mobilize when threatened), and rapidity (ability to contain
losses and recover in a timely manner) [22]:85; [23]. Thus resilience is
viewed as a form of buffering socio-technical systems against hazards
[24]. However, this view is also problematic because buffering may limit
or prevent certain enablers or disenabling factors of sustainable devel-
opment, especially where institutions significantly participate in
enhancing disaster resilience.

In psychology, resilience is interpreted as an individual’s capacity to
withstand stressors and not manifest psychology dysfunction [25,26]. In
the disaster community, the term resilience is widely applied to system’s
capacity to adapt, resist or change in order to reach and maintain an
acceptable level of functioning and structure when faced with hazards
[20]. As a result, many disaster studies focus on the capacities of in-
dividuals, communities and nations which enable them to cope and
adapt to hazards, thereby reducing potential damages and recovering
quickly from a hazardous event [27]. The argument is that resilience
manifests itself at the local level, and the capacities of the affected
people serve as safety nets during hazardous events. However, the
social-ecological systems (SES) resilience embraces dynamic cross-scale
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interactions of coupled human-nature systems [2]. It acknowledges the
role of human agency to proactively influence the resilience of the sys-
tems under investigation. As a result, the SES resilience entails notions of
learning, adaptation and transformation, which are all essential in
enhancing disaster policy and practice [28].

Although there is a variation in the definition of resilience, many
disciplines agree that resilience is dynamic and comprised of evolving
capacities such as absorption, adaptation and transformation [22]. That
is why the Organization for Economic Co-operation and Development
(OECD) considers absorptive, adaptive and transformative capacities for
strengthening resilience at household, community and national levels
[29]. Absorption embraces minimising or absorbing the negative im-
pacts of stresses/shocks to prevent the negative trajectories of risks [30].
Adaptive capacity entails changing ways of living in order to minimise
exposure to actual or perceived hazards; diversifying and using alter-
native livelihood strategies to moderate potential damage [19,31,32].
Transformative capacity entails the creation of new structures (e.g.
policies, infrastructure, and social networks) that enable the systems to
continue functioning after disturbances [33]. In addition to these ca-
pacities, three common issues have emerged in the framing of resilience:
(a) resilience enables systems to function and thrive even when sub-
jected to disturbances; (b) resilience should manage changes and limit
damages induced by shocks and stresses on systems; (c) resilience should
enable a speedy recovery from hazardous events [3]. When dealing with
social systems, the term resilience is widely applied to the ability of a
system or population groups to thrive when subjected to stresses or
shocks [7]. Resilience is generally viewed as a positive and desirable
attribute that is meant to prevent falling into cycles of poverty but
improve wellbeing outcomes in the face of shocks/stressors [34]. This is
because resilient systems are less likely to suffer losses and have the
potential to recover more quickly after a hazardous event [35]. Both at
global and national levels, many organisations expect their systems,
organisations, communities and individual to be resilient [36]. Thus
resilience is considered as the solution to the changing landscape in the
hazards facing humanity.

2.2. Resilience approaches and frameworks

The dozen of resilience definitions has also been accompanied by
many theoretical frameworks, which fall within three broad approaches:
participatory, quantitative and qualitative [35,37]. Participatory ap-
proaches are premised on the view that the at risk population groups
have or may have certain capacities including knowhow, skills and ac-
cess to resources they can use to define and measure their resilience
[38]. As a result, the local population actively participates in resilience
building activities. Examples of participatory tools include the Analysis
of the Resilience of Communities to Disasters (ARC-D) [7,39], and the
Flood Resilience Measurement for Communities (FRMC) [40,41]. The
major strengths of participatory approaches are a reflection of locals’
own and diverse views, and the ability to address the actual local needs.
This makes them useful in targeted disaster risk reduction (DRR) in-
terventions. However, participatory approaches are hardly comparable
(between entities such as households, communities and areas) and are
limited in scope because they focus on one specific entity. Their
implementation is also highly dependent of facilitators’ skills.

Qualitative approaches emerged from the social sciences and are
aimed at exploring the underlying conditions which support resilience at
different scales. They entail testimonies of disaster victims, and case
studies where narratives are obtained through interviews, observations
and story-telling [42]. The qualitative approaches have the advantages
of yielding contextual resilience details including its enablers or disen-
abling factors on the ground and other intangible aspects of resilience
[43]. The later are usually missed when quantitative tools are used in
measuring resilience. Qualitative approaches also have the potential to
create theoretical frameworks that can be translated in measurable
variables. Therefore, the qualitative approaches can inform policy and



E. Mavhura et al.

practice. However, the qualitative approaches heavily depend on years
of research and are hardly comparable and trackable over time.

On the other hand, quantitative approaches employ variables
developed from observing systems and from the wider literature [2].
The variables are used to develop composite indices, scores or ranks that
provide a holistic picture of an issue. One example of quantitative
frameworks is the latest version of the Resilience Index Measurement
Analysis (RIMA II) developed by the United Nations Food and Agricul-
ture Organisation [44]. The scores from such frameworks simplify
complex technical information into user-friendly data; and simplify
systems and processes that are hard to represent with a single variable
[71. In this way, indices make resilience comparable and trackable over
time and space. They are mostly based on secondary data or large-scale
surveys. For example, Li et al. [23] used public secondary data to
measure community resilience in south-western China following the
2008 Wenchuan earthquake. In a similar way, Yoon et al. [45] selected
variables from secondary data on human, social, economic, environ-
mental, and institutional components to quantify community disaster
resilience in 229 municipalities in Korea. However, quantitative ap-
proaches are criticised for high levels of generalisation, missing intan-
gible aspects of resilience and a bias towards outsiders including
organisations, government agencies and researchers in the resilience
field [2]. They also allow subjective selection of indicators across con-
texts as well as the weighting of the indicators [9].

While some scholars question the ways in which the resilience
metrics are determined, an increasing numbers of other scholars, prac-
titioners and policy makers favour the use of such metrics in reducing
disaster risk [46]. They argue that the measurement of resilience is
useful when comparing entities, identifying capacity needs and for
allocating resources to different places. Many other scholars believe that
resilience metrics have the potential of ensuring that disaster policies
and programmes target and support the right activities and people [2].

Many frameworks have been developed to advance the resilience
measurement of systems at different levels and scales [3]. Table 1 shows
a sample of the resilience frameworks developed between 2005 and
2020, their strengths and limitations in translating resilience into
empirically measurable outcomes. The majority of the frameworks
employ capacities to monitor changes in resilience. Adaptive, absorptive
and transformative capacities have emerged as the most common forms
of resilience capacities. However, many countries still face numerous
challenges in measuring and tracking their resilience to disasters in time
and space. Key challenges relate to establishing baselines that would
allow comparisons and monitoring of the progress towards building
resilience. This study respond to this gap in Zimbabwe. The baseline
developed in this study is also useful for planning interventions in
identified places either before, during or after a hazardous event.

2.3. The disaster resilience of place model

This study adapted the disaster resilience of place (DROP) model
(Fig. 1) to assess inherent resilience to disasters in Zimbabwe. In this
section, we only focus on the measurement of inherent resilience as
depicted in the DROP model. For a detailed description of the DROP
model, the reader is encouraged to consult Cutter et al. [47].

Inherent resilience is part of the antecedent conditions and processes
created by the interaction of the built environment, social and natural
systems before any adversity [47]. Thus ecological, social, economic,
infrastructural and institutional variables determine inherent resilience.
Examples of social variables include age, gender and occupation; while
those of economic dimension are income, employment and savings [48].
Infrastructural indicators include housing, transport and other lifeline
and critical facilities. Resource stocks, land and water form some vari-
ables of the ecological dimension. Contigency plans, emergency ser-
vices, land use zoning and standard building plans are institutional
examples that can enhance inherent resilience. Lastly, community
competence entails knowledge and skill to understand risks, and
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implement risk reduction strategies. The inherent resilience is dynamic
in nature and is influenced by both endogenous and exogenous factors of
the system under investigation [49]. Both absorptive and adaptive ca-
pacities of the system influence inherent resilience as they determine
levels of recovery, preparedness and mitigation following a hazardous
event. When a shock or stressor strikes a system, the absorptive capacity
will first resist the shock. A resilient system will overcome the shock at
that stage. However, there are possibilities that the absorptive capacity
will be exceeded by the shock. When that happens, the individual system
will then resort to its adaptive capacity, and if the adaptation fails, the
system will transform to deal successfully with the shock [34]. The level
of recovery and the lessons learnt during these events create feedback
processes which determine the nature of social, natural and built envi-
ronment systems. In this way, they influence the inherent resilience
which is often used as the starting point for potential measurements of
changes in resilience [14].

3. Materials and methods
3.1. Study area, Zimbabwe

Zimbabwe is a southern African country (Fig. 2) which faces a va-
riety of hazards including drought, mid-season dry spells, crops pest and
diseases, animal diseases, floods, tropical cyclones, hail storms and
strong winds. Droughts and mid-season dry spells frequently occur
across Zimbabwe with varying levels of severity. Notable drought epi-
sodes occurred during the 1991-1992, 1994-1995, 2002-2003,
2015-2016, and 2018-2019 seasons [50]. On another note, floods occur
in low lying areas of the country, in cyclonic paths, at river confluences
and downstream of major dams [51]. Furthermore, the past decades
have witnessed violent storms which damaged infrastructure, property
and crops and caused loss of animal and human life [52]. Table 2 shows
statistics of the impacts of drought, floods, storms and extreme tem-
peratures between 2010 and 2019. As Table 2 shows, most deaths are
associated with drought and floods. In terms of economic damage, floods
and storms account for about two thirds of the total economic damage.
In general, the high numbers of mortalities, people affected and eco-
nomic damage shown in Table 2 may suggest the need to enhance
resilience across Zimbabwe.

Multiple hazards affect rural livelihoods of Zimbabwe [17]. Agri-
culture forms the major source of livelihoods to about 70% of the pop-
ulation, while contributing about 12% to the country’s Gross Domestic
Product (GDP) [50]. However, since 1990, Zimbabwe has experienced
declining food production partly due to climate-induced hazards and
poor implementation of agricultural policies [53]. As a result, Zimbabwe
currently imports most of the food, yet before 1990, the country used to
export food to neighbouring countries [54]. The agricultural sector is
vulnerable to hydro-meteorological hazards, particularly drought,
mid-season dry spells and floods, which occur with much frequency and
are likely to increase due to increased climate change impacts [55]. This
has led to food insecurity, increased poverty and declining economic
productivity. By affecting the agricultural livelihoods, hazards also
reduce the prospects of achieving the SDGs in Zimbabwe, particularly
SDG1 (no poverty), SDG2 (zero hunger), and SDG3 (good health and
well-being). Poverty levels in the country are high. Consequently,
Zimbabwe has a low Human Development Index (154 out of 187
countries), with an average life expectancy of 59.2 years among the 16.2
million people [56]. In view of these problems, Zimbabwe has shown
relative political will and commitment to building resilience to disasters
by signing in to global frameworks that promote resilience such as the
HFA, SFDRR and the SDGs.

3.2. Data sources and selection of resilience variables

Guide by the resilience literature including the DROP model [3,7,18,
35,46,47,571, 26 variables were compiled to compute the CRI for the 91
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Table 1
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Few Selected Examples of Community Resilience frameworks developed between 2005 and 2020.

Framework/
Reference

Key tenets

Components capturing resilience

Key strengths

Limitations

1. The Capital-Based
Approach [60]

2. Disaster Resilience
of Place (DROP)
[47]

3. A Preliminary
Framework for
Community
Resilience
Assessment
[52]

4. Baseline
Resilience
Indicators for
Communities
(BRIC) [57]

5. DFID Resilience
Conceptual
Framework [26]

7. A common
analytical model
for resilience
measurement [19]

8. Disaster Resilience
Scorecard for
Cities [89]

9. Analysis of the
Resilience of
Communities to
Disasters (ARC-D)
[39]

10. Resilience Index
Measurement and
Analysis model
(RIMA-II) [44]

11. Flood Resilience
Measurement for

A livelihood asset-based approach.
Resilience is conceptualised in five
capitals: social, economic, human,
physical and natural.

Presents inherent resilience as a
function of the interaction of social,
natural and the built environment
systems.

A conceptual framework for
assessing community resilience
which identifies adaptive capacity as
key element of resilience which is
useful for gauging the degree to
which a system is resilient.

BRIC focuses on the existing
resilience capacities of a community.
Resilience is often portrayed as a
process, an adaptive response to
adversity, in which community
actors utilize community resources
to adapt to changing circumstances
and to moderate or avoid negative
consequences.

Considers five key resilience pillars:
Context (subjects and governance);
Disturbance (shocks and stressors);
Capacity to deal with disturbance;
Sensitivity (degree to which a system
will be affected by, or respond to a
given shock or stress); and Reaction
to disturbance (recovery ability).

Framework measures resilience in a
development context with a focus on
food security/economic wellbeing.
Comprises six analytical
components: construct assumptions,
causal framework, indicators and
data structure, expected trajectory,
data collection, estimation
procedures.

Framework provides a checklist for
cities to gauge the degree to which
they are resilient to the impacts of
natural hazards. The list has 85
metrics (each with a suggested 5-
point scoring system) relating to
UNISDR’s ‘ten essentials’

A tool that assesses the level of
disaster resilience at community
level through a discussion-based
survey of 30 disaster resilience
components. The components span
four thematic areas linked to
Priorities for Action of the Sendai
Framework for Disaster Risk
Reduction.

RIMA argues that resilience is a
function of physical dimensions
(income and food access; access to
basic services; agricultural assets;
non-agricultural assets; agricultural
practice and technology; social
safety nets; climate change; enabling
institutional environment) and
capacity dimensions (sensitivity;
adaptive; absorptive; and
transformative)

Measures flood resilience based on a
‘systems approach’ to understanding

Livelihood capitals (social,
economic, human, natural and
physical) where each asset has a set
indicators used to measure
resilience

Ecological, social, economic,
institutional, infrastructure, and
community competence

Ecological, economic, physical
infrastructure, civil society, and
governance subsystems.

49 indicators divided into six
resilience subdomains: social,
economic, institutional,
infrastructure & housing,
community capital, and
environmental

Absorptive, adaptive and
transformative capacities within
the five livelihood assets (human,
social economic, natural and
physical)

Resilience is presented as a multi-
dimensional construct comprised of
human, social, financial, physical
and natural capitals

The organization, infrastructure,
response capability, environment,
and recovery of cities

System of sectors including
economic, health, education,
environment, infrastructure,
governance and culture.

Model unpacks resilience into four
pillars: Access to basic services;
assets; social safety nets; adaptive
capacity. Each pillar is considered a
latent variable made up

of range of proxy socio-economic
variables

The following capitals: human (e.g.
skills and health); social (e.g. strong

Provides detailed and simplified
variables for constructing disaster
resilience indices by sub-
component

Allows comparative assessments of
resilience at different levels.

Indices make resilience comparable
and trackable over time.

Allows for the use of contextual and
robust variables. Provides detailed
simplified variables used to
construct disaster resilience index
by sub-component

Model integrates the ‘asset
pentagon’ of the sustainable
livelihoods framework with
disturbance and resilience
capacities.

Addresses these key questions:
whose resilience and at what level?
Resilience to what? Resilience
through what capacities?
Resilience with what results?
Resilience to what extent?
Categories of indicators provided;
specific indicators depend on
context.

Use a variety of quantitative and
qualitative methods. Allows a
systems thinking approach across
the variables.

The framework tracks resilience
across the following aspects:
research; organization;
infrastructure; response capability;
environment; and recovery

Reflects locals’ views; can address
the actual local needs.

Models services as both diagnostic
and evaluation tool. Ability to
generate composite scores of
resilience that can be readily
compared across households

Uses a systems approach to
understand complex relationships,

Some of the indicators are
intangible and therefore, difficult to
quantify. This framework is not
specific to particular shocks/
stressors.

Model is salient on transformative
capacities that are critical for
resilience.

Agreeing on a common set of
resilience indicators has so far
proven a considerable challenge.

The term ‘community’ is reduced to
a locality, side-lining social and
relational aspects of community that
are of critical importance in crises.
BRIC does not seek to measure
community resilience as a process.

It approaches resilience primarily
from a disaster risk reduction
perspective. (This leads to short-
terms cycles of funding, which limits
resilience programming that
promotes adaptive capacity and
erosion of the structural causes of
vulnerability);

Does not provide specifics on how to
analyse causal links and measured
outcomes.

Some of the indicators are
intangible (e.g. community) and
therefore, difficult to quantify.

The model is less applicable to rural
communities of the developing
world.

Hardly comparable

Rely heavily on predefined
resilience characteristics and
standardized indicators. Some
intangible processes which drive
resilience (e.g. community)
cohesion are difficult to measure

Much of the socio-economic data (e.
g. strong relationships and

(continued on next page)
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Table 1 (continued)
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Framework/ Key tenets Components capturing resilience Key strengths Limitations
Reference
Communities the factors that enable communities relationships and cooperation); unlike linear approaches that deal cooperation) is not available in most

(FRMC) [41] to withstand flood-related shocks
and stresses.

It combines an assessment of the 5
capital assets with resilience
properties of those assets (the 4Rs -
robustness, redundancy,

resourcefulness and rapidity)

natural (e.g. land productivity and
water); physical (e.g. infrastructure
and equipment); and financial (e.g.
level and diversity of income)
enhance the resilience of
communities to floods.

with cause-and-effect relationships.

countries of the Global South.
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urban and rural districts of Zimbabwe. The variables ranged from social,
economic, health, physical and community capital subdomains of
resilience. Table 3 shows the data sources for the specific variables
employed, their dimensions and impacts on disaster resilience. As shown
in Table 3, we extracted resilience variable data from public sources

including national census, Poverty, Income,

Fig. 2. Study area (Zimbabwe).

Consumption and

Expenditure Survey (PICES) and the Zimbabwe Vulnerability Assess-
ment Committee (ZimVAC) reports. This data is reliable and comparable
over time because it is collected by government specialized agencies, the
Zimbabwe National Statistics Agency (ZIMSTAT) and the Food and
Nutrition Council (FNC) of Zimbabwe [58,59]. We used the 2012 na-
tional census data because it was the most recent census data from the
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Table 2 Table 3
Cumulative hydrometeorological disaster impact in Zimbabwe - 2010 to 2019 List of variables used in resilience analysis.
(Source [20]. Dimension Indicator/Variable Data Source Impact on
Disaster Total Total Homeless  Total Total description Resilience
deaths  injuries population  damage Community Employed labour ZIMSTAT PICES 2017 Positive
affected (‘000 US .
Capital force Report
® Female labour force ZIMSTAT PICES 2017 Positive
Drought 20 000 - - 122015642 3653 000 participation Report
Floods 6755 9244 763 649 31 351 859 3940 715 Economic Av Maize grain price ZimVAC 2020 Report Positive
Storms 2712 10258 235671 7551734 3789 900 (Local currency per
Extreme 145 111 - 2727 611 - kg)
temperature Av Maize Meal price ZimVAC 2020 Report Positive
Epidemics 39125 743312 - 1318729 - (Local currency per)
(Bacterial, Cattle prices (Local ZimVAC 2020 Report Positive
parasitic and currency per kg)
viral diseases) Average Remittances ZIMSTAT PICES 2017 Positive
Report
Total 68737 762 999320 11598074 11383 Urban Population ZIMSTAT PICES 2017 Positive
925 615 Report
Access to markets EU Science Hub Positive
. X X (estimated mean https://forobs.jrc.ec.
government. Likewise, we used the most recent PICES and ZimVAC re- travel time to the europa.eu/prod
ports of 2017 and 2020 respectively. The PICES is carried out every 5 nearest city of 50 000 ucts/gam/
years with the aim of providing baseline data on income, consumption inhabitants) ) B
and expenditure disparities or patterns among socio-economic groups Mean Night Lights ?L?‘;ﬁviitr‘l::;tjf"tm Positive
[60]. The ZimVAC’s annual rural livelihoods assessments focus on issues Information (https
such as education, food levels, crop and livestock production, child ://ngdc.noaa.gov/eog/d
nutrition, water and sanitation, and crop post-harvest management msp/downloadV4co
practices [59]. In addition to the ZimVAC and ZIMSTAT reports, this ) mposites.html) .
. . . . Average income ZIMSTAT PICES 2017 Positive
study also used other reliable foreign data sources on mean night light Report
time and access to markets and health care. Therefore, the data sources Infrastructure  Households with ZIMSTAT PICES 2017 Positive
shown in Table 3 provided comprehensive data which included various access to electricity Report
subdomains of resilience. Such data was very useful in the analyses of Households with ZIMSTAT PICES 2017 Positive
resilience across the 91 districts of Zimbabwe. This study did not work access to tap water Report .
. . . . . Households with ZIMSTAT PICES 2017 Positive
with samples. Rather it made use of all the quantitative variable data access to proper Report
available at the district level. The variables were carefully selected by a sanitation
team of experts on disaster resilience, which took into account the Owner-occupied ZIMSTAT Census Positive
impact of such variables in Zimbabwe and the availability of public housing units Report, 2012
s . Social Non-elderly ZIMSTAT Census Positive
sources data at district level. The experts were chosen from the Zim- population Report, 2012
babwe’s National Civil Protection Committee, and included people from Households headed by ZIMST;\T Census Positive
social welfare, agriculture, academia, health, and hydrological and males Report, 2012
meteorological agencies' Women of child ZimVAC 2020 Report Positive
All the variables employed were relevant to assess resilience in bearingage
. b b W d . . 1 . bl h 1 d 1 consuming iron rich
Zimbabwe. We used community capital variables such as employed la- foods except
bour force and female participation in the job market to reflect increases Children Receiving ZimVAC 2020 Report Positive
in economic productivity that enhance resilience capabilities to disasters Minimum Acceptable
[61,62]. Urban population was also used because it is a key determinant Diet
. . . . Households with ZimVAC 2020 Report Positive
of economic growth when compared to rural population especially in Cereal Security
developing countries. Urban populations that have established public Households with ZimVAC 2020 Report Positive
services such as transport, education, fire, ambulance and medical fa- Access to Fortified
cilities can ride on ride on such services as a basis for resilience [63]. f?ods -
Likewise, population with access to water, sanitation and hygiene Literacy Rate IZ{IEI\I’)I:;AEO(IIZ“S“S Positive
(WASH) facilities wuliel.y correlates directly with 1ncreasm.g. r.es111ence to Households headed by ~ ZIMSTAT Gensus Positive
disasters [64]. In a similar way, easy access to health facilities tends to none single parent Report, 2012
increase the general health of the population that strengthens its resil- Population without ZIMSTAT PICES 2017 Positive
ience capabilities [35]. On another note, a higher literacy rate implies a E‘sabﬂ‘ﬁy q 12‘131\1/’[";‘“ P
higher capability to deal with disaster events including their prevention, on-retire STAT Census ositive
o A . population (below 60 Report, 2012
mitigation and preparedness. Furthermore, cattle prices were included years of age)
because cattle production is a form of wealth (economic capital) that Health Access to health care ~ Malaria Atlas Project Positive
enhance resilience among many Zimbabweans. The cattle can provide (Mean walking time to  https://malariaatlas.or
food or can be used as draught power used by smallholder farmers. nearest health Care) g/research-project/acce
h h 1 be di di diff f £ ital ssibility-to-healthcare/
Furthermore, the cattle can be disposed into different forms of capital (e. Access to health care  Malaria Atlas Project Positive

g. buying farming inputs) to cope with any threat [6]. We also included
variables related to maize grain and meal prices because maize is the
staple crop in Zimbabwe, with the vast majority of farmers growing it,
making it a good predictor of resilience impacts on the population.
Access to fortified food products was also included because it is a proxy
to prevention against micronutrient deficiencies and cushions house-
holds from hunger. Another variable included is the night-light time, a

(Mean Travel Time by
motor to nearest
Health Care)

https://malariaatlas.or
g/research-project/acce
ssibility-to-healthcare/
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satellite data which is widely used as a proxy for local economic growth.
The increase in night light intensity is a surrogate for increased eco-
nomic activities [65,66] that correlates very well with increased resil-
ience. Although some variables employed in the DROP Model (e.g.
institutional indicators and those related to social capital such as car
ownership and telephone use) could have added value to this study, we
left them out because of unavailability comprehensive quantitative data
across the districts of Zimbabwe.

3.3. Data analysis

Using the Statistical Package for the Social Sciences (SPSS) software -
Version 22, this study primarily employed a principal component
analysis (PCA) method to quantify resilience, and a factor analysis (FA)
technique to identify the key underlying drivers of inherent resilience.
The data for the 26 variables were first standardized using z-scores to
improve comparability across the unit of analysis [67]. Then, we con-
ducted the Kaiser-Meyer-Olkin (KMO) of sampling adequacy and the
Bartlett’s Test of Sphericity (BTS) (with p < 0.05) to determine if the
selected variables were adequate for the PCA. In general, KMO values
range from O to 1, but for the variables to be accepted, their KMO value
should be equal to or greater than 0.6 [68]. While running the PCA, we
applied a Kaiser Normalization to extract factors with eigenvalues
greater than one [69]. Variables with correlations greater than 0.5 and
less than —0.5 were assumed as the key drivers of each component. We
further applied a Varimax Rotation to minimise the number of resulting
factors and maximize the sum of the variances they represent [18]. The
PCA method and FA technique worked very well because of massive
data that comprised various subdomains of resilience.

The PCA distilled the 26 variables into six underlying factors that
best accounted for the total cumulative variance. It further generated six
factor loadings (FL) or components for each district, each one based on
the dominant characteristics of the variables. Each FL was assigned
either a positive (+) sign for increased resilience, or a negative (—) one
for reduced resilience. To determine the CRI, we applied an additive
approach with an equal weighting of the six FL (CRIgjstrict = FL1 + FLy +
... + FLe). This approach was the best because there was no empirical
evidence to support differential weighting for the multiple hazards
affecting the 91 districts. Therefore, the study did not make any a priori
assumption about the weight of each factor in the overall CRI. The final
CRI were categorised into six classes depending on their standard de-
viation from the mean. However, in order to show the geo-spatial
variation of inherent resilience across the 91 districts, ArcMap10.4
Geographical Information System (GIS) tool was then used to map the
CRI scores and their key drivers at the district level. In this way, districts
that were more or less resilience to hazards were identified. The results
were further subjected to the Global Moran’s Index, LISA and the Getis
Ord Gi* statistical tests to determine the extent to which resilience was
clustered or not across space. Thus, the tests calculated autocorrelations
among the districts and determined similarity and dissimilarity patterns
of inherent resilience [67]. Strong positive and negative) spatial auto-
correlation were shown by values close to 1 and -1 respectively, while
randomness was indicated by close to 0 [70]. In this way, the study
improved the reliability of the CRI scores.

4. Results

Results of the KMO and BTS tests showed that the variables were
suitable for further analyses. The KMO yielded a value of 0.86, a figure
that was well above 0.6, which is the recommended minimum, while the
BTS was highly significant - (df = 325; Sig. = 0.000). The PCA extracted
communalities ranging from 0.424 to 1.662, which represented very
well the variables because the majority of them (23 of 26) were higher
than 0.5 [h > 0.5].

Then, the PCA extracted six factors that explained about 75% of the
total cumulative variance. The factors include infrastructure, health,
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household head, income, maize and fortified food. Fig. 3 shows the
spatial variation of CRI in Zimbabwe. About 62% of the districts are in
the very low to moderate resilience categories, while only 19% are
categorised as having very high resilience. Table 4 presents the ranking
of the ten most and least resilient districts in Zimbabwe. All the 10 least
resilient districts are rural and 70% of them (Bulilima, Tsholotsho,
Mangwe, Lupane, Hwange Rural, Beitbridge Rural and Gwanda Rural)
are from Matebeleland North and South provinces. These provinces are
semi-arid and marginalised in terms of development. The ten most
resilient districts are mainly urban (90%). With the exception of Chir-
edzi Urban and Kariba Urban, the rest of the ten most resilient districts
come from agro-ecological regions 2 and 3 which form the bread basket
provinces of Zimbabwe.

The extracted factors became the latent drivers of resilience in
Zimbabwe. Table 5 shows a summary of the resilience factors, their
percentage variances explained and the dominant variables. The first
factor, infrastructure accounted for the most variance (47%), while
other successive factors accounted for less and less variances. Table 5
also shows that four dominant variables contributed to the infrastruc-
ture factor: households with access to electricity, tap water, and proper
sanitation, as well as owner-occupied housing units. In Zimbabwe,
infrastructure to electricity, tape water and proper sanitation is
concentrated in urban areas. As shown in Fig. 4(a), 57 districts (68%) in
Zimbabwe are in the very low to moderate categories of infrastructure
factor. Of these districts 56 of them are rural except Epworth a shanty
town close to the capital, Harare. The least developed districts in terms
of infrastructure include Rushinga, Guruve, Buhera and Hwedza. This
means more than 60% of the Zimbabwean population which lives in
rural areas, does not have access to electricity and proper WASH facil-
ities. Wood fuel is major source of power for domestic purposes and
curing tobacco in farming areas. On another note, housing service is very
poor even in urban areas where most people in high density areas live in
crowded areas. As a result, the four variables have contributed to about
half of the variance explained of resilience in Zimbabwe.

The second factor is health which accounted for about 8% of the
variance. Fig. 4(b) shows that the majority of the districts in Zimbabwe
(62%) have below moderate access to health care. Very remote and
marginalised districts with the worst access to health care include
Hwange Rural, Kariba Rural, Bubi, Umguza, Hurungwe and Binga. In
fact, access to quality health care in Zimbabwe is a privilege of those
who have the means to do so. Fig. 4(b) also shows about 12% of the
districts with very easy access to health care. The districts include
Gwanda Town, Norton and Harare Urban and Harare Rural. As shown in
Table 5, two variables that contributed to the health factor include the
time needed to access the nearest health centre by either walking or
driving. In Zimbabwe, many households in rural areas travel long dis-
tance to access the service.

The third factor driving resilience in Zimbabwe is household head
which has 6% of variance explained. This encompasses the demographic
characteristics of the family head as evidenced by the dominant vari-
ables shown in Table 5. When acquiring farming inputs, securing
financial and other capitals for the family to survive with, households
that are headed by males are in a better position than those headed by
females. The same applies to non-single families. Widowed and the
child-headed households are among the most vulnerable groups to wide
range of disasters including floods, storms and drought. Fig. 4(c) shows
that about half of Zimbabwean districts (49%) have above high numbers
of households headed by males and non-single parents. This is concen-
trated in northern half of the country (e.g. Harare Rural, Epworth,
Muzarabani, Mbire and Makonde), while the southern part (e.g. Buli-
lima, Mangwe, Matobo, Tsholotsho, Gwanda Rural and Umzingwane) is
dominated by widowed and female headed families.

The fourth factor behind resilience in Zimbabwe is income (5% of
variance). Income inequalities are very high in both rural and urban
districts of Zimbabwe, leading to high poverty levels among the majority
of the population. Fig. 4(d) shows that most districts (78%) have very
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Fig. 3. Spatial variation of CRI in Zimbabwe.

low to moderate income or purchasing power. Districts with the least
income include Mbire, Gwanda Urban, Binga, Zaka and Muzarabani.
Only the district of Harare Urban has very high income. Consequently,

Table 4
The ten (10) most and least resilient districts in Zimbabwe.

Ten least resilient districts Ten most resilient districts most people in Zimbabwe cannot afford to prepare for, recover quickly
Rank District CRI District CRI from and or mitigate against disasters due to low disposable income.
1 Guruve 795021 Harare Rural 5.7002 The fifth factor is maize, the staple food of most Zimbabweans. This
2 Bulilima ~6.71972 Harare Urban 5.28108 factor is dominated by the average price of the maize grain and maize
3 Tsholotsho —5.5958 Gweru Urban 4.6181 meal. Where the staple food is affordable, it allows for a healthy and
; LMa“gwe ‘:'giggg gh“edfl Urlb;’“ . g'géggé active life style. Fig. 4(e) shows that the price of the maize products is

upane —4. uwa Local boar . . . . 0 . . . .

6 Hwange Rural —4.02072 Epworth 354135 below lov.v level in 36 Fll.StI'ICtS (40%) including Plumtree, Beltb1j1c.1ge
7 Hurungwe _3.48705 Chitungwiza 3.39932 Rural, Chirumanzu, Bulilima and Harare Rural. The last factor driving
8 Mwenezi —2.99574 Mvurwi 3.31121 resilience in Zimbabwe is fortified food. It has one dominant variable
9 Beitbridge Rural —2.94142 Kariba Urban 3.11557 contributing 4% of variance: household with access to fortified food. In
10 Gwanda Rural —2.47928 Rusape 2.89422

Zimbabwe, food enrichment is a public health policy meant to reduce
deficiencies in diet within the substitute foods. Fig. 4(f) shows that 49
districts (54%) have households below moderate access to enriched
food. Notable districts in this category include Guruve, Epworth and
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Table 5
Resilience factors and variance summary.
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Factor # Resilience influence Factor Description %Variance Explained Dominant variable(s) Component Loading
1 Increase Infrastructure 46.707 Households with access to electricity .851
Households with access to tap water .852
Households with access to proper sanitation .856
Owner-occupied housing units -.850
2 Increase Health 8.388 Mean walking time to nearest health Care -.873
Mean Travel Time by motor to nearest Health Care -.867
3 Increase Household head 5.952 Households headed by males 731
Households headed by none single parent 917
4 Increase Income 5.274 Average income .823
5 Increase Maize 4.739 Av Maize Meal price (Local currency per) .818
Av Maize grain price (Local currency per kg) 442
6 Increase Fortified Food 4.390 Households with Access to Fortified foods -.671
Total Variance explained 75.449
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Fig. 4. Factors driving resilience in Zimbabwe.

Chikomba. On the contrary, 40 districts (44%) have high to very high
access to fortified food.

The Global Moran’s Index confirmed the spatial clustering of CRI
(Moran’s I = 0.437, Z-score = 7.449; p-value <0.001.). Fig. 5(a) shows
the variation of the CRI based on Getis Ord Gi* while Fig. 5(b) shows CRI
hotspots or clusters based on local Moran’s I. Getis ord* identified cold
spots of CRI to the south western part of Zimbabwe including Plumtree,
Bulilima, Mangwe, Matobo, Hwange and Lupane districts. This is a re-
gion of low resilience i.e. a district of low resilience is surrounded by
districts with low resilience as well. The LISA identified two types of
clusters of CRI that were significant (p-value<0.05): Low-Low (LL),
High-High (HH), and Low-High (LH) outlier. Two LL clusters were
observed to the south western part of the country as also noted in the
Getis ord* and the other one to the northern part including Mbire dis-
trict. The HH cluster was observed in the central part of the country
including Harare, Seke and Goromonzi district. This is the region of high
resilience. Murehwa district was observed as the LH outlier indicating

that it is surrounded by the districts characterized by high resilience.
5. Discussion

This study applied the DROP model to assess inherent resilience to
disasters in Zimbabwe. It used 26 variables that ranged from the social,
economic, health, physical and community capital subdomains of
resilience to run the PCA and FA techniques. The variables were distilled
into six factors whose loadings enabled the development of CRI that
provided a holistic picture of resilience disparities for the entire country.
The CRI becomes the starting point for future measurements of changes
in resilience levels across the districts of Zimbabwe. It helps to explain
why some districts are more or less resilient to disasters than others and
identify where resources can be channelled in order to enhance resil-
ience of the district. In this way, the CRI also makes resilience in
Zimbabwe comparable and trackable over time and space. Therefore,
this study provides a useful tool that will guide a theory of change either
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by monitoring the progress towards building resilience in the country, or
by ensuring that disaster policies and programmes target and support
the right activities and the people in need [2]. Likewise, Yoon et al. [45]
used variables of similar subdomains in order to quantify community
resilience in 229 municipalities in Korea that became the basis for
measuring changes in resilience.

The study revealed districts with very low to very high CRI where
targeted interventions are needed in order to enhance or maintain
resilience to disasters. The majority of the districts below moderate level
of resilience are mainly rural, which are highly prone to drought and dry
spells. They include the districts of Bulilima, Tsholotso and Mangwe
where drought and dry spells contribute between 35 and 44% of the
mean district hazard index [17]. The least resilient districts also have
little potential for agricultural production since they fall under
agro-ecological IV and V that are characterized by too low and erratic
rainfall (less than 650 mm per year) [71]. Such districts are virtually
unsuitable for crop production unless irrigation facilities are fully
exploited. This observation confirms the fact that farming is the back-
bone of the economy of Zimbabwe which has a bearing on resilience to
disasters [50]. Unfortunately, the farming sector is subsistent and rain-
fed, characteristics which make it very sensitive to drought and dry
spells [55]. In addition to this, the least resilient districts are margin-
alised in terms of development. In fact, uneven development charac-
terise the Zimbabwean districts, leading to differences in resilience to
disasters that are reflected in housing, wealth, water, sanitation and
access to food and other services [72]. Affluent urban districts have
better social service that enhance their resilience than rural ones that are
poor, and have inadequate utility infrastructure and health services [73,
74]. Thus, the most resilient districts in Zimbabwe are mainly urban
areas including Harare Urban, Gweru Urban, Chitungwiza and Chiredzi
Urban.

Six latent factors emerged as the key drivers of the different levels of
resilience across Zimbabwe. These include infrastructure, health,
household head, income, maize and fortified food. Infrastructure of
utilities including water, electricity and housing as well sanitation is the
major latent factor driving resilience in Zimbabwe. Such infrastructure
is better developed in major urban areas including the resort town of
Victoria Falls and Kariba Urban than in rural areas. Accordingly, resil-
ience levels are higher in towns than they are in under-developed dis-
tricts such as Gokwe South and Sanyati. Good infrastructure service can
address specific risk to disasters and enhance resilience [75]. Fekete
[76] demonstrated the cascading effects of critical infrastructure in
enhancing disaster resilience. Likewise, Zhang et al. [77] argued that
improving the resilience of infrastructure can lead to the sustainability
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of communities that are faced with hazardous events. However, most
rural districts of Zimbabwe lack such infrastructure, a condition that has
led to low levels of resilience among most districts. Unlike our study,
Sung and Liaw [78] who used the same PCA and FA techniques to
analyse the geographic pattern of resilience in Taiwan, found no influ-
ence of infrastructure on the baseline resilience in that country. This
may suggest that the influence of infrastructure on resilience is
contextual. Hence the need to need to use context-specific variables
when measuring resilience of communities to disasters.

Apart from infrastructure, access to health in Zimbabwe is very
problematic, especially in rural and marginalised districts. There are
very few health care centers in rural districts such as Hurungwe, Kariba
Rural and Mwenezi. People have to travel long distances on foot in order
to access health care. Where the health care institutions exist, the ma-
jority have limited drugs and are usually manned by nurses alone [73].
Consequently, the doctor-patient ratio in most rural areas is very high, a
situation which limits population access to quality health. Yet access to
health is critical when a community experiences disaster injuries, dis-
ease outbreaks and allergies during hazardous events [79]. That is why
some global frameworks such as the SFDRR and the SDGs promote ac-
cess to health as a way of building resilience to disasters [80]. Collins
et al. [81] demonstrated that inadequate access to health is a significant
predictor of the negative impacts of floods among the Hispanic popu-
lation group in the USA. Therefore, there is need to enhance access to
health care in marginalised districts of Zimbabwe.

Demographics of the household head is also a key issue in the
geographic variation of resilience in Zimbabwe. Households that are
headed by males and non-single parents dominate the northern districts
of the country, and consequently improve the resilience of those places.
On the contrary, southern districts of Zimbabwe are affected by migra-
tion of males to South Africa and Botswana in search of employment [82,
83]. Although this might be improving household income, the migration
on its own has affected household variable. Hence southern districts
scored very low to low resilience scores. This observation is consistent
with literature that male headed families and marriages improve the
economic status of the households in Africa and Asia by enhancing
wealth accumulation [85,86]. In a similar way, Keys et al. [87] also
observed that the adaptive capacity of one-parent households in South
East Queensland, Australia was lower than that of couple families due to
their limited incomes, poor rates of home ownership, and reduced la-
bour force participation.

On another note, income, maize and fortified food are also driving
disparities in resilience that characterise most districts. Very few people
in Zimbabwe earn above subsistence wage, a situation that lowers their
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capacities to increase resilience. Low disposable income also limits the
capabilities of many households to recover quickly from disasters or
mitigate and prepare for them [88]. It also prevents some families from
accessing descent shelter, health, the staple food (maize) and other
fortified foods, as well as farmers’ adaptive capacity to climate and
weather related hazards [89,90]. The UNDP also reported that many
households in Zimbabwe consume very few iron fortified foods, which is
a key developmental challenge [91]. All these conditions reduce the
resilience to disasters.

However, this study has two limitations. First, although the study
used comprehensive data that reflected various subdomains of resil-
ience, census data of 2012 was not current. The variables derived from
census data could have changed for the better or worse. Nevertheless,
the use of the 2012 census data was unavoidable because census is
usually conducted after about ten years in most countries including
Zimbabwe [58,92]. The next census data in Zimbabwe will be available
sometimes in 2022. Second, not all resilience variables were captured in
this study. We excluded some intangible and other tangible aspects of
resilience because of the unavailability of quantitative data at district
level [43]. Yet such variables could have yielded useful contextual
resilience details on the ground.

6. Conclusion

Disaster impacts are increasing in most countries including
Zimbabwe. Reactive approaches which focus on disaster response, re-
covery and reconstruction are an expensive and inefficient strategy to
deal with disasters. Instead, building resilience of communities and
nations is a proactive and cost-effective way of using resources. This can
be achieved through an understanding of inherent resilience in places
and people. Therefore, this study adopted five subdomains of resilience
from the DROP model developed by Cutter et al. [47]; and used the PCA
as a data reductionist method, and FA technique to assess inherent
resilience in Zimbabwe. Twenty-six variables were used because resil-
ience is a complex and multi-dimensional construct that cannot be
measured by a single variable. The variables were distilled into six
factors which were used to develop CRI that measured relative resilience
among 91 districts. Results showed that the majority of the districts
below moderate level of resilience are mainly rural and marginalised.
On the other hand, the most resilient districts emerged as mainly urban
areas where service provision and infrastructure are better developed
than in rural areas. The use of a data reductionist technique, PCA
allowed for a robust and consistent set of variables which can be
monitored over time and space to assess any changes in resilience. The
technique can also facilitate the replication of the variables at other
spatial scales, thus making the data compilation more efficient. Key
drivers of resilience emerged as infrastructure, health, household head,
income, access to maize and fortified food. These results form a baseline
for targeted interventions in order to enhance resilience to disasters in
different districts of the country. The interventions can either be at lower
level or at the identified latent factors driving resilience. This would
improve communities’ preparedness and response to disasters.

This study contributes to contemporary literature and the debate on
resilience in four ways. First, it constitutes, as far as the authors are
concerned, the first comprehensive attempt to model district-level
resilience to disasters in Zimbabwe. In this way, it provides a geo-
spatial and visual picture of inherent resilience across the 91 districts of
Zimbabwe. Second, this study forms a baseline that will guide a theory
of change towards building resilience in the country. The CRI developed
in this study becomes the starting point for future measurements of
changes in resilience across the districts of Zimbabwe. Third, it also
forms the basis for further research in order to inform disaster policy and
practice. Fourth, the pattern exhibited by the CRI confirmed that
inherent resilience to disasters varies from one place to another. Hence,
there is need to understand its key drivers in each place in order to better
deal with disasters.
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