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Abstract Disasters result from complex interactions of

hazards and vulnerability conditions. Reducing human

exposure and sensitivity to threats can reduce disaster

impact. Prior knowledge about community vulnerability

levels is crucial to minimizing potential losses from future

threats. Most vulnerability studies focus on high-impact

disasters and their temporal and spatial analyses. Yet high-

frequency, low-impact disasters have a cumulative poten-

tial to severely disrupt or damage socioeconomic systems.

There is limited knowledge especially in the global south

about the creation of vulnerability to hydrometeorological

threats. Using a systems approach, this study explores ways

in which communities in the northern semiarid tropics of

Zimbabwe are vulnerable to hydrometeorological threats.

This predominantly qualitative study used literature

review, interviews, transect walks, and focus groups to

gather data from selected samples involving smallholder

farmers with in-depth knowledge about community vul-

nerability. The results show that the communities are vul-

nerable to multiple hydrometeorological threats due to

multiple interacting factors including rainfed and flood-

based farming, land tenure, topography, climate, and other

socioeconomic conditions such as inadequate income

sources and high poverty. In order to reduce vulnerability,

this study provides five policy options for government and

nongovernmental organization interventions, including the

need to transform rural economies beyond the traditional

rainfed and flood-based farming systems.

Keywords Community vulnerability � Flood-based
farming � Hydrometeorological threats � Rainfed
agriculture � Zimbabwe

1 Introduction

The term disaster is conceptualized as an event concen-

trated in time and space, during which a social system

undergoes severe losses to an extent that the fulfilment of

its essential functions is prevented or disrupted (Chen et al.

2012). One of the most important issues in understanding

disasters is that natural processes are not their only causes.

Rather disasters are a product of ‘‘social, political and

economic environments (as distinct from the natural cau-

ses) that structure the lives of different groups of people’’

(Wisner et al. 2004, p. 4). Disasters result from insufficient

capacity to reduce the potential negative impacts of haz-

ards. This perspective involves varying magnitudes of

vulnerability: some groups of people suffer increased

damage and loss when faced with similar shocks and

stressors. The differences in capacity can explain why

societies with similar levels of exposure may be impacted

differently by a particular hazard (Cutter et al. 2009; Finch

et al. 2010).

Vulnerability is a term that is widely used in the phys-

ical and social sciences. As a result, a dozen scholarly

definitions of vulnerability have emerged across disciplines

and practices (Kelman et al. 2016; Mavhura 2018). In an

effort to promote a common understanding of vulnerability,

the United Nations International Strategy for Disaster

Reduction defines vulnerability as the characteristics and

circumstances of a community, system, or asset that make

it susceptible to the damaging effects of a hazard (UNISDR

2004; United Nations 2016). According to this perspective,
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vulnerability is the degree to which a system reacts

adversely to actual or perceived threats (Gain et al. 2015).

This makes vulnerability essentially a state variable, which

is determined by the internal properties of a system. A

combination of physical forces and socioeconomic pro-

cesses of the human–environment system usually deter-

mine vulnerability (Kusenbach et al. 2010). The basic

question underlying vulnerability analysis is how natural

hazards affect a society. To answer this question, Armas

and Gavriş (2013) view vulnerability as a major determi-

nant of disasters rather than the hazards themselves. This is

because a hazard on its own cannot produce a disaster

unless it interacts with people and their infrastructure. If a

river runs over its banks, for example, it is not a disaster per

se because it is just a natural process. The natural process

becomes a disaster if human beings, infrastructure, or other

forms of capital are threatened (Raschky 2008). Whether

this natural process evolves into a disaster, or not, is not

solely in the realm of the natural environment, but crucially

depends on the behavior of the human beings living in that

environment.

In rural southern Africa, vulnerability to hydrometeo-

rological threats is greatly influenced by place-based

environmental, socioeconomic, political, and climatic

conditions (Shiferaw et al. 2014). The most common

hydrometeorological threats that affect the semiarid tropics

(SAT) in this region are high rainfall variability, droughts,

floods, and low soil moisture (Masunungure and Shackle-

ton 2018). According to Makuvaro et al. (2018), droughts

and prolonged dry spells in Zimbabwe’s semiarid tropics

have resulted in the nonperennial flow of big rivers,

reduced yields, and dried-up wells. Smallholder farmers in

the SAT depend on low-input rainfed agriculture and other

fragile livelihoods that are sensitive to the impacts of cli-

mate threats. They also have limited infrastructure, insti-

tutional support, and adaptive capacities (Muzamhindo

et al. 2015). Flood-based farming is one of the climate-

sensitive livelihoods. Smallholder farmers in the flood-

plains of the Zambezi of Zimbabwe and Zambia (Barotse),

the Shire River (a tributary of the Zambezi) of Malawi, and

the Okavango Delta of Botswana plant second crops after

floods begin to recede (Puertas et al. 2015). Harvesting is

done during August and September. However, uncertain-

ties related to rains and floods may destroy the crops under

the flood-based farming system. The lack of agricultural

extension services and markets also make smallholder

farmers susceptible to the impacts of climate threats (Spear

et al. 2018). Where government departments are not

decentralized, local proactive disaster risk reduction (DRR)

programs are reduced, and reactive approaches to envi-

ronmental threats keep smallholder farmers’ capacities

limited. In some instances, nongovernmental organizations

(NGOs) and government provisions have prevented

beneficiaries from pursuing other sustainable initiatives.

Coupled with high poverty and limited employment

opportunities, these conditions amplify smallholder farm-

ers’ vulnerability (Jiri and Mafongoya 2018). Zimbabwe

has not been spared by these conditions. In 2014, it ranked

175 out of 187 countries of the world in terms of human

development; 72% of its population were living below the

income poverty line (UNDP 2014). In 2015, about 7% of

the population were formally employed (GoZ 2015; UNDP

2016). Smallholder farmers have limited access to primary

health care, water, sanitation, and hygiene (Mavhura,

Manyena, and Collins 2017). Unemployment and poverty

rates remain very high, forcing smallholder farmers to rely

on rainfed farming (Masunungure and Shackleton 2018).

The vulnerability of the SAT in southern Africa comes

on the backdrop of projections of increased water stress,

declining agriculture productivity, increased food insecu-

rity, and malnutrition (Klein et al. 2014). Floods and

droughts are also projected to increase in frequency and

intensity, increasing the exposure of smallholder farmers.

The exposure is worsened by high levels of sensitivity of

the social-ecological systems and the limited capacity of

institutional actors who respond to the emerging threats

(Jiri and Mafongoya 2018). Rural economic growth is

slowing down, while unemployment, food insecurity, and

poverty are increasing. Even the mixed crop-livestock

systems, that tended to adapt to erratic rains, are becoming

less viable in many places. This is because soil moisture for

both fodder and rainfed crop production is depleted by long

dry spells and droughts. Animal husbandry is also at risk to

endemic diseases in some countries, including Zimbabwe

and Namibia (Spear et al. 2018). In view of these condi-

tions, community vulnerability studies enable an explo-

ration of societal capacities and exposure in space and

time. The combination of exposure and capacity allows the

concept of vulnerability to link across problem areas and

geographical levels. While changes in the environment are

a source of exposure, sensitivity to these is the basis for

defining the degree to which certain places are more or less

vulnerable than others (Muzamhindo et al. 2015). Thus,

exposure is closely linked to the social conditions of a

system under study.

The literature on political economy has enhanced our

understanding of vulnerability to hydrometeorological

threats. The concept of vulnerability in the political econ-

omy tradition evolved in response to the purely hazard-

oriented disaster risk perspective during the 1970s (Collins

2008). Unlike the hazard paradigm that answers the

‘‘what,’’ ‘‘where,’’ and ‘‘when’’ questions, political econ-

omy addresses the ‘‘who,’’ ‘‘how,’’ and ‘‘why’’ of vulner-

ability to threats (Aboagye 2012). In this way, the drivers

and effects of differential susceptibility emanating from

endogenous factors of social systems are the mainstay of
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vulnerability in political economy (Wisner et al. 2004).

This enables exploration of uneven resource access within

a particular context (Aboagye 2012).

Where major disaster events are rare, social systems’

demand for investment in disaster risk reduction (DRR) is

usually limited (Kolen and Helsloot 2014). Where frequent

low-magnitude hazardous events occur, some governments

may be unwilling to address vulnerability issues because of

the limited benefits from the increased costs (Kenny 2012;

Shreve and Kelman 2014). Most vulnerability studies focus

on high-impact disasters and their temporal and spatial

analyses. Yet high frequency, low-impact hazards have a

cumulative potential to severely disrupt or damage social

and economic systems (Ndah and Odihi 2017). There is

limited knowledge in the global south about the creation of

vulnerability to hydrometeorological threats. Since vul-

nerability is dynamic, multidimensional, and scale-depen-

dent (Hewitt 2013; Wilhelmi and Morss 2013), there is a

need to frequently review the vulnerability of communities

to particular threats at various levels and scales. At the

local level, such analyses are greatly needed because the

impacts of shocks and stresses are place-specific. This

study explores the creation of vulnerability to hydromete-

orological threats in the northern semiarid tropics of Zim-

babwe. It seeks to answer the question in what ways

communities in the northern SAT of Zimbabwe are vul-

nerable to hydrometeorological threats. To address this

question, a systems analysis approach is used.

2 Systems Analysis in Disaster Vulnerability

Systems thinking is an analytical approach to a problem

that views the operations and interconnections of elements

in a large structure over time, to predict their behavior and

devise changes to the components with a view to coming

up with desired outcomes (Arnold and Wade 2015; Kapp

et al. 2017). The application of systems theory in disasters,

energy, education, medicine, and development programs

has been on the rise in recent years (Lich et al. 2017;

Mavhura 2017; Tetuan et al. 2017; Cabrera et al. 2018;

Domenech et al. 2018; Molderez and Ceulemans 2018).

Most studies apply systems methods to develop conceptual

frameworks rather than to analyze the problem. In disaster

scholarship, many studies have concentrated on the impact

of a single threat such as floods (Douglas 2017) or cyclones

(Chikoore et al. 2015), which may conceal the impacts of

other hazards. Although drought plays a significant role in

explaining crop failure in rainfed farming, for example, it is

only one of the many factors that influence local farming

decisions and outcomes. The impact of drought is felt in

complex ways shaped by the interactions of many stressors

and shocks (Coulibaly et al. 2015). Understanding the

complex human–environment interactions in which farm-

ers are living is needed for effective policy interventions.

In Africa, the vulnerability of SAT communities cannot be

dealt with successfully without considering broader issues

including historical land imbalances, land tenure systems,

poverty, and the smallholder farmers’ own concerns (Ma-

sunungure and Shackleton 2018). Rather, a holistic systems

approach that considers the multiple exposures to multiple

threats, as well as the social and biophysical challenges, is

needed (Rurinda et al. 2014). A holistic picture of the

context is also needed when designing and implementing

DRR policies and programs. Failure to consider the mul-

tiple contributing factors can sometimes reinforce the

structural and political factors that contributed to vulnera-

bility in the first place.

A systems theory is suitable for analyzing nonlinear,

complex interactions of variables and their effects through

causal mechanisms and feedback circuits (Lane et al.

2016). In such interactions, it is possible to understand why

certain social systems behave in particular ways over time.

The need for systems thinking is great where communities

depend on natural resources (Mock et al. 2015). A systems

approach has the potential to help stakeholders understand

complex interactions from two vantage points: events and

patterns. Stakeholders can engage in three ways of think-

ing: (1) system-as-cause thinking; (2) operational thinking;

and (3) closed-loop thinking (Lich et al. 2017).

System-as-cause thinking scrutinizes the structure of the

system (endogenous factors) as the drivers of the problem,

leaving out variables that are outside the system’s bound-

ary (exogenous factors). For example, the causes of vul-

nerability to food insecurity in a rural village may be

blamed on local soil conditions, rainfall patterns, and use of

farming inputs, among other factors. Yet external factors

such as global markets, irrigation, and erosion upstream

might be pushing villagers out of the business of farming.

This is because the village is embedded in nested dynamics

that operate at different levels of spatial, ecological, and

socioeconomic scales (Mock et al. 2015).

In contrast, operational thinking describes the incoming

and outgoing of stocks, flows, and rates that change the

system structure. For example, one can track the progres-

sion of vulnerability to flooding in a village through its root

causes, dynamic pressures, and unsafe locations as stocks

and flows into the flooding causation process (Khazai et al.

2014). Bola et al. (2014) suggest examining the causes of

vulnerability (stock) by analyzing the flow of the six

livelihood capitals (physical, social, natural, financial,

human, and political).

Closed-loop thinking identifies the complex nonlinear

interactions and feedbacks in the structure of a system.

Such interactions usually lead to a vicious cycle where pre-

disaster conditions are reinforced (Muhonda et al. 2014).
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For example, Mavhura (2018) found that the physical and

socioeconomic conditions of rural communities in Zim-

babwe were mutually inclusive; each one reinforced the

other(s) in causing vulnerability to flooding. Causal loop

diagrams (CLD) and stock-flow diagrams (SFD) are often

used to synthesize variables shaping systems structure and

behavior over time. Models can be iterated and simulated

to quantify diagrammed connections, describe patterns, and

compare intervention measures over time (Lane et al.

2016). In this way, systems thinking becomes a robust

method of learning how system elements behave and

influence each other over time. Stakeholders using systems

theory can explore their problem in different but comple-

mentary ways (Lich et al. 2017). They can design solutions

to problems in the context of driving forces, including the

limits to system change and the factors undermining or

propelling positive changes.

3 Materials and Methods

This section begins with a description of the study area in

the northern semiarid tropics of Zimbabwe. Section 3.2

explains the methods used in collecting and analyzing data.

The data collection methods include interviews, focus

group discussions, transect walks, and documentary

analysis.

3.1 Description of the Study Area

The study was carried out in 2018, in 13 wards of the

northern semiarid tropics situated in three districts of

Zimbabwe: Mbire, Muzarabani, and Mt Darwin (Fig. 1).

The wards are administrative divisions (counties) in each

district where policy-making processes and development

programs start. They are chaired by councilors elected by a

simple majority (de Visser et al. 2010). Five of the wards

were from Mbire District: Kanongo, Mushumbi, Chit-

sungo, Chikafa, and Monozi; five from Muzarabani: Cha-

dereka, Dambakurima, Kapembere, Kairezi, and

Chiwenga; and three from Mt Darwin: Mukumbura,

Kamutsenzere, and Kapiripiri. Each ward had an average

of 35 villages, while each village had about 40 households.

Table 1 shows the basic demographic statistics of the 13

wards.

These 13 wards are located in the middle Zambezi

Valley that extends into Mozambique on a few meters

above sea level. The topography of the study area is gen-

erally a flat terrain dissected by a system of rivers that

channel into the Zambezi River in Mozambique. The

Zambezi River eventually discharge its water in the Indian

Ocean. All the five wards from Mbire District are located

along Hunyani River that flows in northeasterly direction.

About 15 villages in Mushumbi Ward are located in-be-

tween Dande and Hunyani Rivers. In Muzarabani District,

Fig. 1 The case study wards in the Mbire, Muzabarani, and Mt Darwin districts in Mashonaland Central Province of northern Zimbabwe
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the Chadereka, Dambakurima, Kapembere, and Kairezi

wards are on the eastern banks of Musengezi River that

discharges into Zambezi River near Cahora Bassa Dam.

These wards are also dissected by Nzou-Mvunda, Hoya,

Musingwa, Mukumbura, and Kairezi Rivers. The Chi-

wenga Ward boarders Zimbabwe and Mozambique along

Chiwenga and Mukumbura Rivers. In Mt Darwin District,

tributaries of Mukumbura River affect Mukumbura,

Kapiripiri, and Kamutsenzere wards. These rivers increase

community exposure to riverine floods. Throwbacks (also

known as backflow flooding) that happen after intense

precipitation are the most common type of floods in all the

13 wards. Backflow floods occur when tributaries fail to

empty into major rivers. As a result, water piles up at river

confluences and flows backwards, inundating the nearby

areas.

Cyclones developing in the Indian Ocean also penetrate

easily into the valley and cause extensive floods while

creating silt and residual moisture that enhance flood-based

farming. Flood disasters manifest themselves through

inundation of villages, livelihood destruction, outbreaks of

waterborne diseases, and damages to critical infrastructure.

For example, 2000 Cyclone Elin caused great damage to

roads, bridges, clinics, and schools in the valley (DCP

2015). In 2007, the government reported that about 200

families (approximately 1200 people) were displaced by

floods and 400 huts were destroyed in Chadereka (DCP

2007). The Herald newspaper of Zimbabwe reported on

road damages in Mbire wards as a footprint of the perennial

flooding in the district (Guvamombe 2011). Flash floods

are also a common feature in the area. The Mavuradonha

Mountain Range is the source of the flash floods and strong

winds in the valley. This mountain separates the middle

Zambezi Valley from the highveld areas of Zimbabwe. The

worst floods were recorded in 2000, 2008, 2011, 2015, and

2017 (CRED 2018). These flood events resulted in signif-

icant social distress and suffering among many smallholder

farmers (Mavhura, Manyena, and Collins 2017). Although

the system of rivers increases vulnerability to floods in the

13 wards, it provides fertile alluvium and residual moisture

along riverbanks and floodplains.

Mopane (Colophospermum mopane) and acacia (thorn

trees) forests and woodlands dominate the vegetation in the

13 wards under study (Mavhura 2017). The two vegetation

types are associated with sodic and alluvial soils. They

offer a natural buffer against riverine floods and protect

soils from erosion. The mopane woodland is also a source

of browse for both domestic animals and wildlife and

provides timber, fuelwood, and construction materials for

gardens, cattle pens, and traditional huts. Destruction of

these forests and woodlands can increase community vul-

nerability to floods.

The 13 wards are in agroecological regions 4 and 5

where potential evaporation exceeds precipitation. Annual

rainfall ranges from 350 to 650 mm, whereas temperatures

can be as high as 400 �C (Muhonda et al. 2014). The

rainfall season (December to March) is characterized by

drought, frequent and intense mid-season dry spells (Jiri

and Mafongoya 2018). The major economic activity in

these wards is smallholder farming, accounting for more

than 97% of employment (ZimStat 2012). The smallholder

farmers have limited access to natural land. Their plots are

Table 1 Basic demographic statistics of case study wards in Mbire, Muzabarani, and Mt Darwin districts in Mashonaland Central Province of

northern Zimbabwe. Source ZimStat (2012), UNDP (2016)

District Ward Male

population

Female

population

Total

population

No. of

households

Literacy

rate

%

below

poverty

line

% Population without

proper water,

sanitation, and

hygiene

%

Households

in

traditional

huts

Mbire Kanongo 3073 3033 6106 1337 86.3 88.2 75 75

Mushumbi 2457 2437 4894 1126 86.2 88.4 69 58

Chitsungo 3414 3503 6917 1489 87.1 88.6 68 69

Chikafa 3292 3493 6785 1509 85.6 89.4 75 75

Monozi 1493 1503 2996 624 86.4 89.3 74 75

Muzarabani Chadereka 3699 3806 7505 1594 87.1 88.2 68 56

Dambakurima 2516 2623 5136 1118 87.2 87.6 67 61

Kapembere 2411 2597 5008 1125 87.1 88.6 68 60

Kairezi 4853 4487 9340 1953 85.1 89.1 71 79

Chiwenga 2964 2974 5938 1232 84.6 89.4 72 81

Mt Darwin Mukumbura 5882 6347 12229 2960 87.9 79.7 63 71

Kapiripiri 2039 2243 4282 1030 87.4 80.1 62 73

Kamutsenzere 2607 2905 5512 1409 87.5 79.4 62 72
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usually very small (less than 1.5 ha), and held under a

traditional tenure system that does not provide title deeds to

the land. Village heads allocate such pieces of land to their

respective households while the community shares grazing

pastures. These features make smallholder famers extre-

mely vulnerable to climate-related threats. Major crops

grown include maize, small grains, cotton, and edible dry

beans. Small-scale livestock production (cattle, goats, and

sheep) is also practiced (Bola et al. 2014). Both crop and

livestock production are constrained by floods, droughts,

and hail and wind storms (Mavhura 2017). Floods and

droughts remain the most frequent and costly hazards in the

northern SAT of Zimbabwe, making the region a prime

area of hydrometeorological threats. Other significant los-

ses from hydrometeorological threats may be caused by the

cumulative effects of high-frequency, low-magnitude haz-

ards that affect the economically challenged members of

society. It is against this background that this study

explored the ways in which communities in the northern

SAT of Zimbabwe are vulnerable to hydrometeorological

threats.

3.2 Methods

Thirteen wards were selected by their respective Rural

District Councils (RDC) from a stratified sample based on

their drought and flooding profiles. Five of the wards were

from Mbire: Chikafa, Mushumbi, Chitsungo, Monozi, and

Kanongo; five from Muzarabani: Kairezi, Chiwenga,

Dambakurima, Kapembere, and Chadereka; and three from

Mt Darwin: Mukumbura, Kamutsenzere, and Kapiripiri.

The 13 wards were deemed to be the most drought- and

flood-affected communities in the districts. The study was

predominantly qualitative in nature and purposively

selected smallholder farmers with in-depth knowledge

about vulnerability to hydrometeorological threats. Inter-

views, focus group discussions (FGD), transect walks, and

a review of past disaster events in the study area were used

to gather data. The four data sources were triangulated to

further corroborate, validate, and improve the reliability of

the findings.

3.2.1 Interviews

Interviews formed one of the principal means of collecting

primary data because they provided detailed information

about smallholder farmers’ vulnerability experiences and

the meaning of those experiences (Castillo-Montoya 2016).

Sixteen interviews were conducted with one councilor

from each ward and three civil protection staff from each

district during the first half of 2018 until the data reached a

theoretical saturation level (Saunders et al. 2018). Seven of

these key informants were females and nine were males.

Their ages ranged from 30 to 55 years. The ward coun-

cilors were selected on the basis of their development and

civil protection role in their respective communities. They

are the gatekeepers who coordinate government and ward

development programs. The councilors also chair the civil

protection committees in their wards and link with other

civil protection structures at the district, provincial, and

national levels. NGOs also liaise with councilors in

implementing their programs. Each interview lasted for

about 45 min. The interviews were conducted mainly in

English because all the key informants could understand

and communicate in this language. The interviews focused

on four themes: hydrometeorological threats and their

frequencies, livelihood and population exposure, capaci-

ties, and the vulnerability conditions of smallholder farm-

ers. There were three advantages associated with the

interviews. First, the personal contact during the interviews

resulted in a high rate of return. Second, using open-ended

questions evoked responses that were meaningful, cultur-

ally salient to the key informant, detailed, and explanatory

in nature (Roberts et al. 2014). Finally, probing and follow-

up questions during the interviews gave the participants the

opportunity to respond in their own words.

3.2.2 Focus Group Discussions

One focus group discussion was conducted in each of the

13 wards during the second quarter of 2018. One hundred

and fifty-five smallholder farmers participated in the FGD,

an average of 12 people per group. This was a manageable

number because a large group could have turned unwieldy

and hard to manage, denying a voice to inarticulate

members when disagreements arose. The participants were

males (74) and females (81), between the ages of 20 and

60, who were capable of explaining their experiences with

climate threats, exposure, capacities, and vulnerability

conditions from an insider point of view. The participants

drew sketch maps, causal loop diagrams, and stock-flow

diagrams to show the interconnectedness of the vulnera-

bility variables. These diagrams then formed the basis of

the stock-flow diagrams that were later drawn using Ven-

sim PLE 7.2 software.1 The FGD participants were ran-

domly chosen from different villages in each ward by their

village heads. This method yielded a rich collective view

that could not be obtained from straightforward interviews.

It also produced more filtered, socially controlled, and

more neutral findings (Silverman 2013). The focus group

sessions were conducted in the usual meeting places of

each community that afforded a maximum degree of

accessibility to participants (Cohen et al. 2011). Each focus

group session lasted for about 2 h because the participants

1 https://vensim.com/free-download/.
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needed ample time to draw sketch maps and other diagrams

that showed the interconnectedness of the vulnerability

variables. The sessions were held in the local language,

Shona for ethical reasons. A translator was sought to

facilitate communication during the FGD.

3.2.3 Transect Walks

Semistructured walk-through analyses were conducted in

the 13 wards in June and July 2018. FGD participants led

the field observations soon after each discussion. In this

way, there was a balance in observing places of interest

raised during the discussions. Some of the variables

observed include settlements along riverbanks, floodplain

plots, woodlots, and livestock, among others. Engaging in

semistructured observations in natural settings allowed the

gathering of data that illuminated and explained the com-

munities’ vulnerability in a less predetermined manner.

3.2.4 Review of Background Material

The study started with a review of basic data on country

profiles and maps on disaster and hazard profiles that are

provided by the Prevention website (Ndhlovu 2018) and

the EM-DAT: The Emergency Events Database (CRED

2018). Specific loss data for the study area were gathered

from the Zimbabwe Civil Protection website (DCP 2013)

where official reports and other documents were reviewed.

Newspaper articles from the local press were also

reviewed. These data supplemented the information

obtained from the interviews, FGD, and transect walks.

3.2.5 Data Analysis

The interview and FGD data were subjected to thematic

analyses, which enabled making sense of the shared sub-

jective meanings and experiences (Braun and Clarke 2012)

of the smallholder farmers when faced with hydrometeo-

rological threats. The coding process became the most

crucial phase of the data analysis and formed the basis of

the emerging findings. This involved open coding, where

each statement was analyzed and notes made to reflect the

situation and meanings implied by the key informant

(Vaismoradi et al. 2016). The field notes became the

principal memos that were integrated in the SFD. The

analytical process provided an in-depth understanding of

the creation of vulnerability to hydrometeorological

threats. Vensim PLE 7.2 software was used to draw stock-

flow diagrams based on the sketches from the focus group

discussions depicting the drivers of vulnerability and the

interactions of the underlying variables. To validate the

SFD, expert opinion was sought among local academics

and DRR practitioners. The experts looked for clarity,

causality existence, cause insufficiency, additional cause,

cause-effect reversal, and predicted effect existence (Ala-

sad et al. 2013). However, the experts validated the SFD

basing on their personal beliefs about the direction of the

causal links (Burns and Musa 2001).

In systems diagramming, the distinction between stocks,

variables, flows, and connectors was very important in

analyzing the data. Stocks were elements that tended to

accumulate or decrease in quantity within the models. In

order to draw the SFD, Vensim PLE 7.2 software employed

rectangles and squares to represent stocks (levels). Vari-

ables became other identified elements that influenced the

structure of the models. The variables were drawn outside

boxes in order to distinguish them from stocks. Flows

(rates) were activities that tended to fill or drain stocks.

Piped arrows feeding into or draining out of stocks repre-

sented the flows. Connectors were arrows that linked var-

ious elements of the models including stocks, flows, and

other variables, to indicate relationships and influence.

4 Results

Ward communities in the northern SAT of Zimbabwe are

vulnerable to hydrometeorological threats including

droughts, floods, lightning, and storms. All the key infor-

mants (n = 16) and focus groups concurred that droughts

and floods are the most common hazards in the region.

Most of the key informants (15 out of 16) reported that

floods mostly affect settlements and fields along river-

banks, while windstorms damage huts in open areas and

places close to mountains. While droughts and floods occur

on an annual basis covering wide areas, lightning and

storms are usually localized, small-scale events but with

high frequency. Focus groups revealed that high magnitude

floodwaters could rise to levels above 2 m in low-lying

areas. During such events, rivers including Hoya, Musen-

gezi, Dande, and Hunyani burst out, putting villagers set-

tled either along the riverbanks or at river confluences at

high risk. The Mushumbi, Kanongo and Chikafa focus

groups cited the 2015 floods as high magnitude floods in

which Hunyani River swept away most settlements and

crops within a distance of up to 1 km from its riverbanks.

During that year, backflow floods occurred at the conflu-

ence of Dande and Hunyani Rivers in Mushumbi. Bwazi

River also back-flowed when its waters piled up at its

confluence with Hunyani River in Chikafa. In Chistungo

community, floods inundated Makwatsine Secondary

School including teachers’ cottages.

Low magnitude floods happen every year with flood-

waters below 2 m. Focus groups revealed 10 variables

creating and exacerbating their vulnerability to hydrome-

teorological threats. The variables include flood recession
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farming, colonial land imbalances, shortage of arable land,

land fragmentation, overstocking, overgrazing, reliance on

rainfed farming, high unemployment, little savings, and

low income. The communities also experience small-scale

flash floods that usually create mudslides. Such floods are

common in Chistungo, Monozi, and Kamutsenzere due to

their proximity to Mavuradonha Mountain Range where

heavy rains turn dry streams and gullies into rushing cur-

rents that may burry crops and traditional huts. The

Mavuradonha Mountain Range also creates corridors

through which strong winds blow and destroy traditional

huts. The Monozi focus group indicated that ‘‘storms

uproot trees and damage our huts.’’ All the key informants

agreed that the high frequency of localized windstorms is

detrimental to poor-resourced households, which makes

these storms significant hazardous events.

Rainfed and flood-based farming constitute the major

economic activity among the smallholder farmers in the 13

wards. The two farming systems are marked by low pro-

ductivity levels. On the one hand, droughts and long dry

spells severely affect rainfed farming. On the other hand,

floods destroy crops under flood-based farming system.

Consequently, smallholder farmers realize low income and

have increased poverty levels. Low incomes among the

smallholder farmers generate ripple effects on their

socioeconomic lives. About 70% of smallholder farmers

stay in traditional huts made of poor building materials

(wooden poles and grass). The farmers cannot afford

insurance for their homes and crops, buy farming inputs

(fertilizers, herbicides and pesticides), and mechanize their

farming systems. Low income also reduces the health

seeking behavior of the smallholder farmers. About 69% of

the smallholder farmers do not have access to proper water,

sanitation, and hygiene (WASH) facilities. This increases

their vulnerability to hydrometeorological threats.

There was a consensus among the key informants and

the focus group participants that the major drivers of

community vulnerability are rooted in the skewed distri-

bution of land, from which the smallholder farmers derive

their livelihoods (Fig. 2). The participants shared stories of

how the unequal access to arable land promulgated by the

colonial land tenure systems more than four decades ago

was driving their vulnerability. ‘‘The colonial land imbal-

ance fuels land shortage coupled with high population

densities. This results in land fragmentation into uneco-

nomic units, overstocking and overgrazing,’’ reported the

Chitsungo focus group. The group explained how land

fragmentation, overstocking, and overgrazing affect each

other. As shown in Fig. 2, a positive reinforcing loop (R1)

emerged when increasing land holding fragmentation fur-

ther increased overgrazing within the community (positive

cascading effect), while a balancing loop (B1) emerged

when increased overgrazing reduced overstocking. The

Chitsungo focus group explained that land fragmentation
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reduced grazing pastures, resulting in overgrazing. Other

positive reinforcing loops identified and discussed by focus

groups include those between overgrazing and shortage of

land (R2); overstocking and shortage of land (R3); shortage

of land and smallholder farming system (R4); hydromete-

orological threats and rainfed farming system (R5); and

floodplain and rainfed farming systems (R6). Both rein-

forcing and balancing effects emerged from the structure of

the feedback loops as forms of systems behavior among the

northern SAT communities. However, 10 of the 16 key

informants admitted that the interactions of these variables

do not always result in disasters. There are isolated cases of

storms and lightning that remain hazardous events. Only

those that exceed the capacity of poor smallholder famers

turn into significant disasters.

Interviewees also pointed out how the rainfed and flood-

based farming systems can create double vulnerability.

Rainfed farming is practiced both within and outside of

riverbanks, in low-lying depressions, and on uplands.

Flood-based crop production is practiced along major riv-

ers: the Hunyani, Musengezi, and Hoya. The smallholder

farmers have constructed their settlements along rivers as

they search for water for domestic uses. Other smallholder

farmers plough inside riverbeds, in interfluves, and on

small islands in rivers. The flood-based farming system

depends on the recession of floodwaters that leave moisture

for crop production during the post-inundation period.

‘‘Floods bring a lot of sediment load that creates rich

alluvial soils for our crops,’’ emphasized a male informant

from Mushumbi ward.

Although rainfed farming remains the mainstay of the

SAT economies, all focus groups admitted that it is eco-

nomically unviable, partly due to seasonal droughts, dry

spells, and floods (Fig. 3). They argued that the little

amount of annual rainfall received (about 400 mm), the

wide variation in the onset and cessation of rainfall dates,

and the occurrence of the mid-season dry spells during

critical periods of crop growth combined to cause total crop

failure in most years. ‘‘Over the past decades, we have been

experiencing erratic rain seasons characterized by unpre-

dictable lengths, high temperatures, and variable rainfall

amounts,’’ reported the Mukumbura focus group. Conse-

quently, the smallholder farmers have limited options to

satisfy their food requirements in terms of quantity and

quality. This results in severe food insecurity and malnu-

trition. Striking a balance between short-term food

requirements and long-term food production is a big

challenge for the villagers. Some focus groups complained

that the perennial food shortage was resulting in high

dependence on food handouts from NGOs or the govern-

ment that inevitably undermined their efforts to build

capacities for sustainable livelihoods and food self-

sustenance.

All the focus groups also admitted that some small-

holder farmers were exposed to seasonal floods often

triggered by intense precipitation, cyclones, and backflow
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Fig. 3 Construction of vulnerability to floods and droughts in the northern semiarid tropics (SAT), Zimbabwe (B—balancing). Note The letters
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of water along the river networks. Backflow flooding was

reported along Musengezi, Hunyani, Mukumbura, and

Hoya Rivers. The smallholder farmers settled in low-lying

areas of Sangu Village in Mushumbi were the most

affected during the 2015 floods. Most of the key informants

(11 out of 16) indicated that floods in the Sangu Village

rose to about 5 m, drowning goats and sheep. In Chadereka

ward, social amenities, including clinics, schools, and

markets, were damaged by floodwaters during the same

year. ‘‘Even small-scale floods destroy our crops along

floodplains, damage our houses, roads, and seriously dis-

rupt other livelihoods,’’ reported the Chadereka focus

group. Floods that were accompanied by lightning and

storms also damaged roofs of classrooms and houses in

Kamutsenzere in 2017. This makes floods the most fre-

quent and costly threat in terms of hardships and economic

loss in the northern SAT communities.

Although floods and droughts are two extremes on the

hydrometeorological continuum, focus groups used dia-

grams to explain how they influence each other in

increasing community vulnerability (Fig. 3). The fear of

crop failure from droughts and dry spells promotes flood-

based crop production. This creates the undesirable side

effect of community exposure to floods and livelihood

disruption during the rainy seasons. Yet the flood-based

farming system itself improves food security, especially

through the cultivation of maize, the staple food. This

creates a balancing loop (B1). Another balancing effect is

created between local food system failure and the occu-

pation of low-lying floodplains (B2). Consequently, the

smallholder farmers’ livelihoods remain fragile, with lim-

ited capacities for self-sustenance. A vicious circle of

vulnerability is created when fragile livelihoods promote

food insecurity and loss of livestock from droughts and

floods. Smallholder farmers then face two additional

challenges. First, the flood recession farming system is

increasingly competing with the rainfed farming system.

Yet there is limited land along the floodplain, causing

social disputes among the community members. Not every

household has access to arable land along the floodplain.

The village heads exercise their prerogative to decide

whom to allocate a piece of land along the floodplain.

Some focus groups reported stories of village heads who

were allocating big farming plots along the floodplain to

their close relatives and friends only. The focus groups

argued that access to flood-based farming land depended

on one’s relations with the village head, not on a house-

hold’s need. In the absence of land-use zoning, the small-

holder farmers convert woodlands into arable land and crop

cultivation extends into marginal floodplains. Although this

temporarily improves livelihoods and food security, two

undesirable outcomes are the destruction of a natural flood

buffering effect and the removal of forests that act as a

windbreak against strong storms. Second, flood-based

farming degrades the environment resulting in the siltation

of rivers. Consequently, the smallholder farmers expose
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themselves to increased river flooding. These processes are

self-supporting, increasing land degradation, poverty, food

insecurity, and vulnerability.

The participants of this study all agreed that high

unemployment, low incomes, and few savings chiefly drive

the social dimension of vulnerability. They explained that

the three variables reinforce each other, thereby creating

reinforcing loops R1, R2, R3, and R4 (Fig. 4). Due to low

income levels, for example, the majority of smallholder

farmers heavily depend on rainfed farming that generates

little income to diversify the farming sector (R2). High

unemployment also results in low disposable income and

little savings at the household level. Low incomes lead to

poor self-protection, as well as limited options for flood/-

drought mitigation, recovery, and preparedness. In this way

low income is both a cause and a result of vulnerability to

climate shocks and stresses. This is exacerbated by lack of

social insurance and the breakdown of the rural economy.

When asked if they were receiving cash transfers from

relatives abroad or in urban areas, the majority of the focus

group participants explained that very few households had

relatives remitting cash back home. Other focus group

participants pointed out that the urban folks were the ones

seeking support from the rural areas due to macroeconomic

problems. They narrated stories of informally employed

people who depend on selling fruits and vegetables in

towns and cannot afford to remit any income back home.

‘‘As a result, the communities need aid after every disas-

ter,’’ reported the Dambakurima focus group. In an effort to

enhance farmers’ capacities, NGOs and the government

provide farming inputs to smallholder farmers. One key

informant reported: ‘‘NGOs provide us with farming

inputs. The government at times also gives us inputs

through command agricultural schemes.’’ However, the

inputs are channeled into a rainfed farming system that is

already under attack from both floods and droughts,

thereby leading to limited income for investment into

farming and other economic activities.

Despite their increased vulnerability, 13 out of 16 key

informants explained that their capacity was partly

enhanced by livestock production, especially cattle and

goats (R5 in Fig. 4). They argued that livestock thrive in

this ecological farming region. During food insecure sea-

sons, livestock provide meat and milk products. Livestock

could also be converted into cash for other household

requirements. Cattle also provides draught power for the

farming sector, and both goats and cattle can be exchanged

for food, farming inputs, and so on. Livestock production

provides a form of insurance against seasonal crop failure.

Key informants identified several factors that undermine

livestock’s potential contribution to the rural economy,

chief among them being their mortality rates. ‘‘Livestock

mortality is commonly caused by feed shortages during

drought years, lack of drinking water, and the prevalence of

animal diseases,’’ argued a male informant with a large

herd of cattle. Animal diseases also reduce beef and dairy

production, draught power, and the overall profitability of

the livestock sector. Key informants identified four main

reasons why little income is realized from the sale of

livestock. First, food prices increase during drought and

flood events. The increased food prices weigh heavily on

household incomes, pushing some households deep into

hunger and malnutrition. Second, livestock production is

being squeezed out of the SAT farming system due to lack

of supplementary feed resources. Third, because livestock

production is dependent on natural grazing, destocking is

often practiced in the face of drought. Finally, the contin-

ued encroachment of crop production into grazing land

poses another threat to livestock production.

5 Discussion

This study explored the ways in which communities in the

northern SAT of Zimbabwe are vulnerable to hydromete-

orological threats. What emerged is that communities are

vulnerable to multiple threats due to multiple interacting

factors. The unique characteristics of droughts and floods

in the study may suggest that the vulnerabilities to these

threats could be distinct from each other, as well as from

other climate-related threats. Vulnerability has been shown

to be multidimensional, differential, scale-dependent, and

dynamic (Usamah et al. 2014; Mavhura, Collins, and

Bongo 2017). Therefore, vulnerability studies can focus on

the context of specific threats rather than on a typology of

hazards.

The manifestation of community vulnerability can be

distinguished by its context, including topography, climate,

political processes, and socioeconomic conditions. When

viewed from the social-ecological system perspective,

these variables describe the human and environmental

nexus that expose rural communities, erode their capaci-

ties, and increase their susceptibility to disasters. The cli-

mate and topography of an area define the region’s

geographical vulnerability (Usamah et al. 2014). This may

vary with the exposure of smallholder farmers across the

physical space of the area. Community exposure to floods

increases geographical vulnerability when natural buffers

are removed for either economic development or farming

(Mukherjee and Takara 2018).

One way to reduce vulnerability to hydrometeorological

threats is to reduce human exposure. The disaster literature

is full of case studies from which lessons can be drawn to

reduce community exposure. Land-use zoning and reloca-

tion are some of the lessons. In Kenya, for example,

smallholder farmers’ vulnerability declined when they
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embraced zoning of their land into arable land, grazing

pastures, and forest/woodlands (Zaehringer et al. 2018). In

the Okavango Delta, the government of Botswana perma-

nently relocated hundreds of villagers to nearby dryland

areas, following floods of three consecutive years

(2009–2011) (Shinn et al. 2014). The Tokwe-Mukorsi

community, Zimbabwe was also relocated in 2014 fol-

lowing floods related to dam failure (Mavhura, Collins, and

Bongo 2017). Dube et al. (2018) recommend the estab-

lishment of human settlements away from flood-prone

areas as a way of reducing human exposure.

Climate is another distinguishing factor of community

vulnerability in the northern SAT. Dalu et al. (2018) sug-

gest that extremes in climate events such as floods and

droughts in southern Africa have been increasing in fre-

quency and intensity since the 1990s. The long dry spells

and droughts force smallholder farmers to settle in unsafe

floodplains. However, floods destroy their livelihoods and

leave the smallholder farmers in a cycle of poverty (Jiri and

Mafongoya 2018). Droughts can render land marginal for

farming. It can also increase vulnerability by contributing

to malnutrition and famine (Shiferaw et al. 2014). To

mitigate droughts and dry spells, Belle et al. (2017) suggest

developing irrigation schemes. In the northern SAT, such

schemes could draw water from underground sources and

the network of rivers coming from areas of high rainfall.

Several scholars recommend the use of drought resistant

crop varieties as a mitigation measure (Bryan et al. 2013;

Chikodzi et al. 2013; Mashizha et al. 2017), while Masu-

nungure and Shackleton (2018) suggest the adoption of

climate-smart approaches such as agroforestry in areas

with unpredictable rains. Agroforestry can facilitate water

infiltration and diminish the impacts of droughts.

Political processes may increase rural community vul-

nerability by depriving the populace of their livelihoods. In

southern Africa, land forms the natural capital from which

resources flow and services are derived (Masunungure and

Shackleton 2018). Land has a knock-on impact on other

forms of capitals. Changes in land use and management

can increase or reduce community vulnerability to

hydrometeorological threats. The current communal land

tenure system (without title deeds) in northern SAT wards

creates critical land shortages that force occupancy of

unsafe flood basins. In Namibia and Botswana, communal

land tenure increased pressure on land and caused low

productivity in arid areas (Spear et al. 2018).

Social vulnerability helps to explain why individual

households or societies with similar levels of exposure may

be impacted differently by hazards of similar intensities

(Siagian et al. 2014). This study confirms Mavhura, Man-

yena, and Collins’ (2017) findings that low incomes,

unemployment, high poverty and little savings increase

vulnerability to hydrometeorological threats. Employment

may create disposable income, better savings, and

enhanced capacity to purchase farming inputs. This may

lead to increased asset ownership, diversified livelihoods,

and improved coping capacity of households (Wei et al.

2017). Low income coincides with high indices of poverty,

unemployment, poor savings, and marginalization (Rufat

et al. 2015). The poverty situation encourages the con-

struction of settlements in unsafe places and the use of

substandard dwellings that are destroyed by floods.

Therefore, poverty needs to be addressed so as to enhance

smallholder farmers’ capacities. Shiferaw et al. (2014)

suggest the diversification of farmers’ cropping practices

using a mix of crop varieties both in space and time as a

way to reduce poverty. Hanjra et al. (2009a, b) argue for

investment in irrigation and other forms of rural infras-

tructure as effective strategies of reducing poverty in sub-

Saharan Africa. Their studies highlight several pathways

and investment options through which irrigation invest-

ment could reduce poverty by promoting higher produc-

tivity, employment creation, increased incomes, and other

multiplier effects on off-farm activities. However, invest-

ments in irrigation alone may not significantly reduce

poverty. Rather, a package of properly sequenced inter-

ventions that are supported by good governance, commu-

nity participation, and a sound macroeconomic

environment is needed.

The application of systems thinking in this study

revealed two farming systems that are increasing commu-

nity vulnerability in the study area: rainfed and flood

recession agriculture. Flood-based farming is not unique to

the northern SAT of Zimbabwe. It is also practiced in

Namibia as matapa farming (Mabuku et al. 2018) and in

Nyaminyami District, Zimbabwe as mabonzyi farming

(Tombindo and Chirau 2017). Rainfed agriculture is clo-

sely linked to the skewed distribution of land that amplifies

the vulnerability conditions of smallholder farmers in

Botswana, Namibia, and South Africa (Spear et al. 2018).

The dependency on rainfed farming has reduced small-

holder famers’ capacity for vulnerability reduction. In

order to improve the capacities of communities dealing

with climate shocks and stressors, Liu and Lan (2015)

argue for the diversification of rural livelihoods to include

off-farm and non-farm activities. Unfortunately, over the

decades Zimbabwe has not improved its farming beyond

the rainfed system. The need to diversify the farming sector

is also great considering the climate change projections of

increasing water scarcity and declining crop productivity

(Rurinda et al. 2015). The capacities of the smallholder

farmers could also be improved by maximizing food pro-

duction during favorable seasons so as to create a fallback

for use during drought periods. Improved post-harvest

processing and storage techniques are needed to store the

produce from good years for periods extending into
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drought years. However, no single variable can explain the

vulnerability of smallholder farmers. Instead, multiple

interacting factors create vulnerability to climate threats.

Mock et al. (2015) argue for the use of a social-ecological

systems perspective in order to explore the vulnerabilities

of communities that rely on the extraction of natural

resources.

6 Conclusion

Vulnerability to hydrometeorological threats is context

specific, multi-dimensional, and differential. Multiple

contextual factors interact in non-linear ways to create

different dimensions of vulnerability. Each of the dimen-

sions of vulnerability has a set of variables that define the

nature and extent of vulnerability to identified threats. It is

therefore prudent for vulnerability studies to focus on how

contextual variables interact to create vulnerability to

specific threats. In order to reduce the vulnerability of

smallholder farmers, this study recommends five policy

options for government and NGO consideration. First,

human exposure to floods can be reduced through land-use

zoning into unsafe, arable, and grazing land. All low-lying

areas along riverbanks, interfluves, and close to confluence

of rivers are unsafe places for either human settlement or

farming activities. Arable farming land should be set out-

side the unsafe zones. The actual distance from river banks

is context-based. Second, the government may consider

resettling smallholder farmers from the unsafe floodplains.

The resettlement exercise can be undertaken within the

broader framework of land reform program that the gov-

ernment of Zimbabwe is implementing. Third, smallholder

farmers should be assisted to move away from rainfed to

irrigation farming in order to mitigate droughts and dry

spells. The irrigation schemes can draw water from aqui-

fers in Mavuradonha Mountain Range, and the perennial

rivers in the valley. Fourth, the devastating impacts of

droughts and dry spells could be mitigated by adopting

drought tolerant varieties and short-seasoned crops.

Drought tolerant cultivars such as pearl millet, sorghum,

and rapoko can withstand low soil moisture and high

temperatures experienced in the northern SAT region of

Zimbabwe. Alternatively, smallholder farmers can grow

short-season crop varieties that can be harvested within two

and half months. Lastly, the smallholder farmers’ capaci-

ties could be improved through diversifying their liveli-

hoods. Diversification of rural livelihoods will mean

moving away from dependency on farming, which is not

economically viable in the study area. The smallholder

farmers can diversify their cropping systems, practice

rotational grazing and agroforestry, or engage in petty

business as a way to accumulate wealth. Grazing practices

including setting aside or postponing grazing while forage

species are growing can stimulate diverse grasses, improve

nutrient cycling, and promote livestock health. Agro-

forestry can facilitate water infiltration, reduce soil erosion,

and diminish the impacts of droughts. Diversifying liveli-

hoods will allow a broader range of activities to be pursued

as well as providing scope for substitutions between asset

categories, such as selling livestock in order to buy farming

inputs. Embracing these recommendations may signifi-

cantly reduce vulnerability.
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