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Abstract

Context appropriate adaptation interventions and strategies that respond directly
to localized climate change stressors, hazards, and vulnerabilities are critical for
the sustainable development of countries like Zambia. This chapter examines
both localized and systemic climate change risk pathways and barriers to adap-
tation action in Zambia.

A three-staged methodology was applied, combining content analysis, focus
group discussions, and expert interviews. Livelihood diversification was identified
as the central adaptation option across Zambia, despite little empirical research
detailing possible risks of diversification. The dominant adaptation discourse is
focused specifically on diversifying within agriculture-based livelihoods. However,
as all agricultural activities are impacted by climate change, diversification also
needs to be explored in value-added or alternative sectors. With this, a weak policy
framework and enabling environment are exacerbating cycles of poverty that
underpin climate change vulnerability in Zambia. Moreover, maladaptation risks
of existing diversification interventions are high as generic approaches often do not
provide suitable options to complex and localized risk profiles.

To implement a sustainable transition toward climate resilient and compatible
development in Zambia, the authors recommend that a systematic livelihood
diversification strategy should be rolled out and future research programs designed
to support this. Specifically, this necessitates a system-wide analysis of pre-identi-
fied livelihood diversification pathways that can be adapted to different scenarios
given the current and future climate uncertainties at local scales. The approach
should focus on harnessing the positive feedback loops for systematic change to
build resilience, while minimizing the dominant risk pathways and eliminating
persistent barriers that enable positive feedback loops driving vulnerability to
climate change. Thorough stakeholder engagement and incremental development
of diversification options, incentives, penalties, and other governance and/or policy
mechanisms will be needed to support these processes.

Keywords

Climate change · Adaptation · Sustainable development · Diversification ·
Zambia

Introduction

There is increasing evidence of the existing and potential impacts of climate
change on ecosystems and society (Fischer 2019; Grüneis et al. 2018). These
impacts are projected to increase in southern Africa due to projected increases in
exposure and existing high levels of sensitivity and low levels of adaptive
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capacity (IPCC 2018). Climate change poses complex challenges to development
planning and management at various scales (national, regional, and local) (Whit-
ney and Ban 2019) through a multitude of risk pathways. Globally, enabling
effective and efficient adaptation interventions has become a major policy goal
over the last decade (Fischer 2019). Recent evidence suggests that adaptation
strategies and policies are often developed using a top-down approach (Grüneis
et al. 2018). However, there are increasingly urgent calls for locally appropriate
adaptation strategies that respond to local scale climate hazards, stressors and
vulnerabilities and take cognizance of localized socioeconomic and environmen-
tal conditions. Conventional public policy and sustainable development strate-
gies do not effectively incorporate climate change impacts and projections
(Whitney and Ban 2019) at a localized scale, often resulting in unintended
negative consequences. Designing and implementing effective adaptation actions
requires the active participation of local practitioners in order to make decisions
on adaptation choices and activities that are locally relevant, credible, and
contextually appropriate.

A variety of adaptation measures have been proposed across Africa. However,
there is little empirical evidence of how adaptation decisions are contextually
developed and to what degree local institutions participate and/or drive such
processes. Local institutions understand local contexts and the various climate
hazards within their regions and therefore need to be key decision-makers in the
development of adaptation strategies and policies (Fischer 2019; Kupika et al.
2019). This is evidenced by extensive scholarship exploring the pervasiveness of
maladaptation (e.g., Juhola et al. 2016; Magnan et al. 2016) and issues of scale and
applicability of generic adaptation investments under deep uncertainty (Haasnoot
et al. 2019; Hallegatte et al. 2012). This is of particular importance in developing
adaptation responses to pursue sustainable development outcomes, taking into
consideration ecological and social coping and adaptation capacities at multiple
spatial scales.

Effective adaptation minimizes negative impacts and maximizes the potential
benefits of climate change (Whitney and Ban 2019) given the resource constraints
of a particular socio-ecological system. Thus, effective local strategies will, to a large
extent, depend on the understanding and perceptions of local actors about opportu-
nities to inform adaptation strategies (Whitney and Ban 2019). Thus, it is clear that
pragmatic adaptation actions demand participation of all key local actors and
institutions.

This chapter examines the risks from climate change that are currently being
experienced and further explores current and future adaptation strategies and barriers
to adaptation. Complex and cumulative climate change risk pathways and key
barriers to adaptation and resilience building are explored through analyzing per-
ceptions of local actors and institutions within the broader policy and environmental
context of Zambia. The overarching objective of this research is to assess and
recommend context appropriate and systemic adaptation interventions and strategies
that respond directly to both national and localized climate change risks and
vulnerabilities.
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Climate Change in Southern Africa and Zambia

Southern Africa is one of the global climate change hotspots (IPCC 2018).
Anthropogenically driven temperature rise is at approximately twice the average
global rate of temperature increase (Weber et al. 2018). This is combined with the
observed increased frequency and intensity of extreme events such as droughts,
heavy rainfall events, heat waves, and floods over the past few decades (Paeth et
al. 2010; Taylor et al. 2017). Climate projections for the region also indicate rises in
temperatures, an increase in hot days, heat waves, and heat stress as well as
continued increases in the frequency and magnitude of extreme events such as
droughts and floods (Engelbrecht et al. 2015; Dosio 2017; Maúre et al. 2018).

The severity of these impacts will be magnified by low levels of adaptive
capacity, stemming from a plethora of socioeconomic and environmental challenges
facing the Southern African region. These factors include rapid population growth,
natural resource-related poverty and inequality, regional migration, significant infra-
structure deficits, low levels of access to clean water and sanitation, and inefficient
food, and energy systems among others (Nhamo et al. 2018; Rawlins et al. 2018).

Zambia is no exception to these trends, with severe climate change impacts
projected for the economy, local livelihoods, and the broader environment (Kaluba
2014; World Bank 2019). The country is particularly vulnerable to floods and
droughts, which in the past 30 years have cost the country an estimated 13.8bn
USD, equivalent to around 0.4% of GDP (Kaluba 2014). Zambia has also seen
decreased rainfall by an average rate of 1.9 mm/month (2.3%) per decade since
1960, and the rainfall season has become shorter and more difficult to predict – with
fewer, but more intense rainfall events (AfDB 2019; ZINDC 2015). Mean annual
runoff is estimated to decrease by ~13%, under future climate change scenarios
(Hamududu and Ngoma 2018). This, combined with increasing climate variability, is
reducing water availability across the country. Moreover, vulnerability to climate
extremes such as droughts and floods is also increasing, posing a significant threat
to water security in the country.

Future scenarios for Zambia over the period 2070–2099 indicate that tempera-
tures will increase by 2 °C and rainfall could decrease by 8–10% (Bwalya 2010) with
an indication of heavy rainfall events becoming more frequent in the northern
highlands (AfDB 2019). As stated above, the frequency of extreme events (droughts,
seasonal floods and flash floods, extreme temperatures, and dry spells), along with
their intensity and magnitude, has also increased, and is already having notable
knock-on effects for local livelihoods.

Methodology

This chapter adopted a three-staged methodological approach, combining technical
content analysis, focus group discussions, and semi-structured expert interviews.
In the first stage, we conducted an extensive content analysis of key Zambian
national policies that address adaptation to climate change and broader sustainable
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development in one way or another. This included the 2017 National Climate
Change Policy, national sectoral policies (water, agriculture, and forestry), and
national development plans (Seventh National Development plan and the Vision
2030). Analyzing these policies provided insights on policy direction at the national
level and to what degree adaptation to climate change is addressed both implicitly
and explicitly as well as the complex interrelations and interdependencies between
adaptation and sustainable development objectives.

The second stage involved provincial workshops and a national stakeholder
workshop (Lusaka, Zambia, August 2018). Provincial workshops were arranged
by district sectoral leads. A total of three provincial level workshops were conducted
inWestern, Luapula and Northern provinces. These were useful in providing insights
into key climate risks being experienced in the various districts of the provinces, and
the possible adaptation interventions, which were prioritized by local participants.
Participants were drawn from a variety of government departments, NGOs, private
sector, and civil society organizations (CSOs). Provincial workshops had an average
of 45 participants. We further conducted key informant interviews with provincial
heads to understand how localized climate risks in each province related to national,
provincial, and local policies and strategies for adaptation and sustainable develop-
ment. These semi-structured interviews provided the necessary depth in understand-
ing the drivers of and barriers to effective adaptation as well as how these different
risks and barriers can interact and accumulate throughout socio-ecological systems.
Lastly, we conducted a national workshop, which was attended by 60 experts drawn
from across government departments (forestry, agriculture, environment, national
development planning, and water), NGOs, and academics.

Finally, semi-structured expert interviews were carried out with experienced
academics and practitioners working on a variety of climate change, natural
resource, and sustainable development challenges in Zambia and Southern Africa
at large. This multistaged approach has been widely used in related studies (e.g.,
Antwi-Agyei et al. 2018; England et al. 2018). The combination of content analysis,
focus group discussions, workshops, and in-depth interviews was shown to be useful
in identifying risks, barriers, and possible investments to help adapt to climate
change. Specifically, the iterative development of the key findings of the analysis
assisted the verification and validation of proposed systemic adaptation responses
that will address both national and localized climate change risks in an integrated
manner.

Climate Change Risk Pathways in Zambia

Zambia faces a multitude of climate change risks related to not only the direct
effects of climate change but also to infrastructure, social and economic conditions,
human health, agriculture, and the natural environment, among others. These
risks manifest through a multitude of risk pathways with a variety of impacts over
different time horizons that disproportionately impact the most vulnerable
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populations. Additionally, cumulative impacts of these risks regularly lead to
positive feedback loops that serve to magnify localized climate change risks.

Infrastructure Risk

Heavy flooding frequently cuts road access to districts and their administrative
centers. Some of the largest contributors to climate sensitivity and vulnerability in
Zambia are low road density, the poor quality of many roads, the inability to traverse
them for extended periods in the wet season, and the lack of maintenance and
“climate proofing” of existing roads (Petrie et al. 2018).

An example of the impact of damage to infrastructure given by workshop
participants was that, in remote districts, teachers may not be paid their monthly
salaries for months at a time when floods cut road access. Left without an income,
they must find the means to obtain food, which they may do by growing food crops
themselves. This takes time that they would otherwise use for their teaching load
(planning and administrative tasks), which affects the quality of education they
deliver. Alternatively, teachers who find this situation difficult may not last more
than 2 years in this employment and then leave, resulting in annual staff turnover as
high as 30% (EPDC 2012).

Hydropower accounts for the vast majority of Zambia’s energy supplies, with
a number of systems currently in operation and a significant amount of planned
future generation (e.g., the planned Batoka Gorge Hydropower Plant). The demand
for energy is driving continued hydropower development in the region, despite the
significant potential decline in hydropower output projected under a drying climate
in the Zambezi Basin (Spalding-Fecher et al. 2017). The highly centralized nature
and sheer size of the financial investments required to support hydropower infra-
structure presents a significant fiscal risk to Zambia given these potential impacts
of climate change.

Other examples of the direct and indirect impacts arising from vulnerable road
infrastructure are reduced economic activity (trade cannot take place, as markets are
inaccessible); and a seasonal lack of access to health and educational facilities.
Finally, to compound these factors, authorities are unable to deliver aid when it is
needed in times of disaster.

Socioeconomic Risk

Flooding destroys homes as well as crops and livestock and other household assets.
This has an impact on public, household, and individual health and severely affects
the access of households to social services. The poor road infrastructure restricts
commercial enterprise, depressing local and regional economies and increasing the
socioeconomic risks of the region.

A high population growth rate is a key underlying driver of vulnerability, with the
rate often exceeding the ability of the economy to absorb job seekers. This highlights
the potential future risks to local economies and threatens the ability of social
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services such as education and health facilities to cope with the situation. High levels
of education give people more options in terms of diversified livelihoods and income
generating activities, while poor access to schooling and poor education or low
levels of education hinders adaptation. Without education, people are forced to fall
back more strongly on traditional income generation practices. Moreover, risks from
the impacts of climate change are exacerbated by the lack of income diversity and
high levels of poverty in general.

Gender equality is low in rural areas of Zambia and gender-based violence is
common (Samuels et al. 2015). For example, early marriages lead to increased
vulnerability of the affected girls. Education levels are low especially for girls who
drop out of school to get married. With limited skills, women are restricted in terms
of both the value they can add to available natural resources, and the ability to utilize
various economic opportunities that would increase the efficiency and productive-
ness of households to improve their adaptive capacities.

Human Health Risk

An unhealthy population (or one with a high burden of disease) has a lower
resilience to climate change impacts that challenge human health (Smith et al.
2014). HIV/Aids, malaria, and tuberculosis are the most prevalent and therefore
serious diseases in Zambia. In addition, the incidence of these diseases reduces the
resilience of those individuals and communities affected by other health challenges
(i.e., comorbidities).

Poor health infrastructure – inadequate resources, including too few health
facilities and staff – is a significant source of vulnerability. This is exacerbated by
the remoteness of many districts, and poor roads, meaning that some areas are
periodically isolated from health facilities during the wet season, with its concom-
itant impacts of flooding. It is unclear at this stage how emerging global health risks
such as the Corona Virus 2019 (COVID-19) will be influenced by climate change
risks; however, it is clear that the potential knock-on effects of a national or global
pandemic will further limit the available health infrastructure capacity.

Social issues that result from climate-induced stresses include impacts on mental
health. Climate change can affect people directly through trauma, which is evident in
climate hazards such as floods. It also affects mental health indirectly, through
impacts on physical health and broader community well-being (Berry et al. 2010).

Heat waves and persistent high temperatures will not only alter disease vector
habitat distribution (such as malaria and tsetse fly, see Caminade et al. (2014) and
Terblanche et al. (2008)), but also pose direct threats to human health in the form of
heat stroke, exhaustion, and death.

Agricultural Risk

Flooding is hazardous to crops across Zambia, though this risk profile varies from
region to region. For example, in the higher, steeper areas of districts in Muchinga
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Province, flooding is less of a risk because smaller areas of crops are exposed to the
hazard. However, crops along the major rivers can be exposed to prolonged periods
of heavy flooding, for example, those in Western Province or parts of Luapula and
Northern provinces. With a substantial portion of their food resources for a season
destroyed, people must seek alternative forms of income, including relocating for at
least part of the agricultural year to other regions in order to generate an income,
often by selling labor, charcoal manufacture, or fishing.

The impact of drought on crops and livelihoods varies between the provinces and
their districts. In general, mean annual rainfalls are lower in the western and southern
regions of Zambia, and droughts are more intense and longer than elsewhere. Droughts
in this region have very significant impacts on crop yield. In the northern provinces,
where mean annual rainfalls are significantly higher, drought is not a significant risk.

Temperature increases above certain thresholds substantially reduce the grain
yield of maize, especially in soils which have a poor water holding capacity (see,
e.g., Hatfield and Prueger 2015). This effect is more likely in the western and
southern provinces than in the northern provinces, which are at higher altitudes,
with higher rainfall and longer growing seasons.

Storm damage to crops – a result of high windspeed during intense events, or hail,
is known as a relatively localized event. While devastating for the affected house-
holders, these usually do not occur at district or provincial level. Climate change has
shown to have negative effects on livestock leading to reduction in available fodder
for animals due to droughts. Floods also affect livestock by reducing the grazing land
available, further increasing pressure. Disease incidence for livestock also increased
with corresponding increase in animal mortality.

Environmental Change Risk

Zambia has a burgeoning challenge in deforestation, which has been recognized for
some time, in essence since the beginning of the last century (Holden 2001). There
are three main causes – land clearing for “slash-and-burn” or Chitimene agriculture,
charcoal making, and logging for high-value timber. The earlier land-use changes
resulted from population growth and the Chitimene and Fundikila (“grass-mound”)
farming systems, which required migration and opening up of new areas, especially
when cassava and maize-fertilizer systems were implemented in Northern Zambia.
These entrenched practices have caused significant environmental changes across
the Zambian landscape as well as increased dependence on unsustainable supplies of
natural resources, both of which increase vulnerability to climate change.

Fisheries are a critical natural resource in Zambia, but are experiencing over-
exploitation and are under increasing pressure from external development activities
that compromise river ecosystem services and functioning (Cowx et al. 2018).
Although there is limited evidence directly linking the decline in inland fisheries
in recent years to climate change, there are strong linkages to these declines with
overfishing driven by human behavior change (Marshall 2012).

Deforestation and its relationship to climate sensitivity hinges on how changes in
vegetation cover affect the physical and chemical components of the environment
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in ways that are likely to reduce resilience to change. Deforestation, followed by
agricultural disturbance, results in loss of soil organic carbon and of soil fertility
(Chidumayo and Kwibisa 2003). This effect is enhanced by grassland fires (in areas
where grass has replaced lost tree cover), with repeated burns also reducing soil
carbon. Soil carbon is also important for enhancing soil water retention, an obvious
necessity for plant growth and for maintaining growth potential. Deforestation also
leads to a decline in soil moisture, which then leads to more surface energy being
converted into heat at the land surface. This results in a hotter environment, which at
these latitudes is damaging to crop growth and alters pest and disease organism life
cycles. Ultimately, deforestation often leads to lower climate resilience.

Cumulative Risks and Positive Feedback Loops

Infrastructure, socioeconomic, human health, agricultural, and environmental
change risks of climate change are not independent of one another and more often
than not serve to magnify each other (Mora et al. 2018). These positive feedback
loops result in cumulative risk profiles across Zambia, that are deeply entrenched
through the existing socio-ecological and economic systems.

Risks of climate change to infrastructure such as road closures and limited access to
critical infrastructure serve to exacerbate human health risks because people cannot
access hospitals and clinics. Poor health outcomes have knock-on impacts for socio-
economic livelihood activities by reducing the capacity of individuals and households
to generate income and/or support social activities within a household. Such risks are
closely tied to agriculture as this is the dominant livelihood activity in Zambia; for
example, if people cannot work due to poor health or are forced to travel far distances
to seek medical care they are often not able to tend to their crops or livestock. This
further magnifies the potential risks from climate change to agricultural activities and
ultimately agricultural output. Deforestation and over-harvesting of valuable and
limited natural resources such as inland fisheries often result from crop failure or
livestock die offs, further increasing the risks related to environmental change.

Barriers to Adaptation and Resilience Building

There are a number of environmental, social, economic, and political barriers to
effective climate change adaptation in Zambia. These barriers interact throughout
complex socio-ecological systems to reduce adaptive capacities and compound the
limits to adaptation throughout the country.

Poor Livelihood and Economic Diversification

Most rural livelihoods are dependent on natural resources and agriculture. In other
words, Zambia has not seen the structural changes in its economy that would enable
a permanent shift to one dependent on secondary or tertiary economic activities such
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as manufacturing and services, thus transforming from a natural resource-based
economy. This is strongly aligned with broader development imperatives to shift
employment from low- to high-productivity sectors.

Local markets and value chains for locally produced goods (especially agricul-
tural products) are underdeveloped. Access to markets is low, primarily due to poor
road infrastructure, impacted further by floods and extreme heat, which impact
transport time and/or the modality of agricultural produce. Beneficiation processes
related to output from key livelihood activities for economic development are highly
underdeveloped. Thus, having livelihoods focused on a few highly vulnerable
sectors and natural resources serves only to concentrate risks of climate change
while simultaneously limiting the ability to adapt. Ultimately, this has resulted in low
levels of livelihood and economic diversification both across primary, secondary,
and tertiary economic activities as well as within primary production activities
themselves.

High Rates of Land Degradation

Land degradation is primarily driven by unsustainable livelihood practices that
are rooted in high levels of poverty and inequality. Harvesting trees for charcoal
production and for trade (e.g., for export to China) is adding to already high levels of
deforestation. Zambians are often not even the main beneficiaries of revenues from
tree-based trade.Mukula (Rosewood), is heavily harvested for timber exports to China.
Local cutters receive an average price of about US$23/cubic meter of timber harvested,
while manufacturers in China pay around US$1,000/cubic meter to importers, before
any further processing is done on the exported logs (Cerutti et al. 2018).

Populations are likely to continue to diversify their livelihoods through these
and other activities, such as illegal poaching, until there is a proper incentive to
secure their livelihoods more sustainably. Together with climate change impacts,
these activities are resulting in widespread land degradation and loss of ecosystems,
biodiversity, and services that are critical to human welfare and livelihoods, such as
water, fisheries, and forests.

Low Levels of Technical and Technological Capacities

This aspect is evident in very low levels of adoption of new technologies, which
range from alternative farming practices, such as conservation agriculture, to capac-
ities to build new climate resilient infrastructure or to retrofit existing infrastructure
to be climate resilient. The shift toward decentralization of governance in Zambia
raises the challenge of meeting technical capacity needs across the levels of imple-
mentation. With this, districts across the studied provinces are limited by lack of the
technical capacities needed to drive this implementation. There is thus an evolving
trade-off between the necessity to decentralize decision-making power and gover-
nance structures with meeting the technical needs for livelihood and economic
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diversification at the local level to adapt to existing and future impacts of climate
change.

Inadequate Infrastructure

Zambia’s high levels of infrastructure deficits in transport, energy, Information and
Communications Technology (ICT), and water and sanitation significantly impede
adaptive capacities. Notably, business productivity is severely hampered by the
infrastructure deficits. This reduces investments in commercial activities and limits
expansion of smaller businesses, further limiting income diversification opportuni-
ties. Furthermore, 50% of the productivity gap in Zambia is attributed by firms to
the state of the country’s infrastructure (Foster and Dominguez 2011). Most of the
productivity gap is attributed to power, followed by transport and ICT. As mentioned
above, road infrastructure is insufficient and plays a pivotal role for all forms of
infrastructure.

Entrenched Culturally and/or Policy-Driven Practices

Zambians are often forced to default to livelihoods and coping strategies that
are supported by long-standing traditional beliefs, which are in some instances
supported by well-entrenched policies. For example, high cultural value is placed
on cattle ownership, to the extent that farmers often refuse to sell them off during
extreme droughts, in the hopes they will survive and regain health, even though the
farmers cannot feed and water them. Often the cattle do not survive.

Policies can also entrench practices not conducive to climate change. For exam-
ple, policy-driven maize production has increased farmer dependence on a vulner-
able livelihood and its status as the country’s most desired food staple (Chapoto et al.
2010). Problematically, maize is not a drought-resilient crop and yields in Zambia
are quite low, also partly due to the policy emphasis on production rather than
productivity (Petrie et al. 2014). Consequently, farmers are not diversifying their
risks by growing additional or alternate crops, which may be more drought resilient.
Nor are they considering alternate livelihoods because the culturally and policy-
driven practice of maize farming is so entrenched.

Weak Policy Implementation

Supportive policy frameworks that enable adaptation are relatively well established
in Zambia. For example, the 2017 National Climate Change Policy details a broad
approach to strengthen the implementation of adaptation measures to reduce vulner-
ability to climate change, which supports and builds on the objectives outlined in
the 7th National Development Plan. However, these policies are generally not
effectively applied or fully implemented due to a number of related barriers, such
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as breadth of technical capacity, conflicting discourse on development objectives,
lack of financing opportunities, and weak institutional arrangements (Romdhani et
al. 2018). This is particularly true in rural areas, where institutional arrangements and
related enforcement mechanisms are relatively weak and government institutions are
poorly capacitated; yet people in these areas are the most vulnerable to the impacts of
climate change.

Persistent Inequalities

Gender inequality and gender-based violence persists despite transversal policy.
Women lack access to land in comparison to men, under customary law that
disadvantages women in terms of land allocation. This compromises agricultural
productivity and food security, particularly in situations where women have the
responsibility over daily household welfare without decision-making powers over
land and land use, and in the face of little access to disposable income. With this,
female farmers tend to have even lower access than men to agricultural inputs.

Even if there were greater opportunities for livelihoods and incomes beyond
natural resource-based sectors, education, a key indicator of adaptive capacity, is
low in the studied provinces. This limits people’s access to opportunities, particu-
larly affecting women. Inequalities are also highly evident in access to safe water,
electricity, and public health services, which tends to be much lower in rural areas
making people less able to adapt to the impacts of climate change. Ultimately, this
reduces the adaptive capacity of these individuals and communities and reduces their
opportunities to diversify.

Cumulative Barriers and Positive Feedback Loops

Similar to the cumulative nature of the climate change risk pathways, the above-
mentioned barriers to adaptation can also create positive feedback loops that serve
to reinforce these barriers and ultimately limit resilience building opportunities
(Shackleton et al. 2015). A key example from the Zambian context relates to both
weak policy implementation and the myopic culturally entrenched and policy-driven
practices. Agriculture-based livelihoods being culturally entrenched and together
driven by centralized blanket maize cultivation incentives create more significant
barriers to effective adaptation when combined with poor implementation of climate
change policies. Moreover, traditional livelihoods serve to reinforce the status quo
around traditional gender roles and thus further entrench the persistent inequalities.
Moreover, traditional livelihood practices and high levels of inequality and poverty
drive unsustainable land-use practices and ultimately lead to degradation. This
phenomenon is heightened due to the increasing nature of crop failures and livestock
die offs due to the impacts of climate change.

Given that low population densities and high travel distances necessitate greater
per capita investment for infrastructure construction (Chapman et al. 2013), the
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widespread nature of rural and subsistence-based livelihoods across the country
compound the difficulty of infrastructure provision. The same logic applies to the
adoption of novel technologies and livelihood practices as well as the opportunities
to access alternative markets and economies.

Toward Improved Climate Change Adaptation

Climate change risk pathways and barriers to adaptation manifest through a complex
network of social, economic, and environmental feedback loops, often resulting in
positive feedback loops that intensify the initial perceived risk of a particular climate
hazard or stressor. These potentially antagonistic relationships between different risk
pathways and socioeconomic barriers to adaptation highlight the complexity of the
interdependent nature of socio-ecological systems in Zambia. The benefits of devel-
oping adaptation responses that focus on individual climate change risk pathways or
barriers will be abated due to the complex synergistic and antagonistic feedback
loops that characterize these systems. Thus, these complex interactions highlight the
need for systematic responses to minimize risks and overcome the barriers.

In Zambia, the complex and emergent properties of the socio-ecological systems,
combined with their strong dependency on climate systems, elucidate the intrinsic
and inextricable relationship between climate change and sustainable development.
Thus, effective adaptation responses need to take a systematic approach that attempts
to address the myriad of complex climate change risks concurrently with existing
barriers to adaptation. Kim et al. (2018) show that community social and ecological
climate change risk characteristics were reduced by higher levels of social capital
combined with local proactive planning and policy measures focused on systematic
responses to cumulative exposure. The notion of an integrated and systematic
response to stressors and shocks on socio-ecological systems and related economic
activities is widely considered effective, whether or not these external stressors and
shocks are related to climate change or not (Cinner and Barnes 2019; Fedele et al.
2019; Hafezi et al. 2018).

Maladaptation Potential

Responding to a myriad of climate change threats across Zambia requires both
increased resilience to short- to medium-term shocks (e.g., floods and droughts)
combined with sustained and more gradual adaptation to climate change (tempera-
ture rise and seasonal rainfall changes) across systems and society. Moreover, this
necessitates rigorous assessments of maladaptation potential for proposed interven-
tions. Much of the onus for this falls on government institutions and the Zambian
governance framework because the role of the developmental state is to balance
social development with economic growth in a sustainable manner. However,
maladaptation risks are high and generic approaches to diversifying livelihoods do
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not always provide the best options to complex risk profiles associated with poverty,
climate change, and environmental degradation.

Maladaptive actions may lead to increased risks of adverse climate-related out-
comes (IPCC 2018). Thus, understanding the potential for maladaptation is critical
for planning and budgeting for adaptation interventions. Zambia faces enormous
opportunities to improve livelihoods and living standards through adaptation; how-
ever, the significant scope of the opportunity raises the likelihood of maladaptive
outcomes.

Improving road infrastructure, for example, has its own risks, despite the notable
potential for positive sustainable development and climate change adaptation out-
comes. In many parts of Zambia, such as Western Province, illegal tree harvesting
of species such as Mzauli (African rosewood – Guibourtia coleosperma) is taking
place, with the timber being exported through Namibia. This is leading to a decline
in this species. Improved roads into these areas could facilitate increased penetration
of illegal tree fellers.

Is Livelihood and Economic Diversification the Answer?

Livelihood and economic diversification are regularly identified as a key adaptation
option given the current socioeconomic state of Zambian populations and commu-
nities and the current and projected impacts of climate change (Petrie et al. 2018).
The dominant discourse around adaptation in Zambia is focused on agriculture-
based livelihoods, which are facing the greatest risks from climate change. Currently,
in response, adaptation interventions are focused on transitions to (and between)
different forms of conservation agriculture, crop diversification, and a combination
of farm and nonfarm activities such as seasonal fishing and charcoal production
(Loison 2015; Romdhani et al. 2018).

Zambia’s favorable agro-climatic conditions are suitable for producing a diverse
variety of livestock and crops; however, legacy blanket policies promoting the
cultivation and consumption of maize have limited these opportunities significantly.
In 2015, �98% of smallholder households were cultivating maize, while it is
estimated that more than half of the land under crop production in Zambia is devoted
to maize (CSO 2015). Moreover, Mofya-Mukuka and Hichaambwa (2018) found
that government input subsidies and direct market support for maize have negatively
affected crop diversification by rural households. Additionally, compared to neigh-
boring countries in the region, Zambia’s level of crop diversification is low (as
measured by the Simpson Index of Diversification ¼ �0.37) (World Bank 2018).
Despite this the potential for diversification has been shown to be good. Alfani et al.
(2019) found in Zambia that general diversification actions such as livestock and
income diversification and the adoption of agro-forestry as an alternative economic
activity served to moderate the impact of a recent severe drought. Interestingly, it
was also found that some agro-ecological practices such as minimum soil distur-
bance was not effective in moderating any yield and income effects of the drought.
Additionally, Wineman and Crawford (2017) demonstrate that given the current set
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of available diversification options, autonomous on-farm adaptation will not be
sufficient to offset the negative yield effects of climate change.

Combined with the notable vulnerability of maize production to projected climate
change in Zambia (Wineman and Crawford 2017; Petrie et al. 2014), the rationale for
diversification to improve income and/or food security is clear. However, the
perceived benefits of diversification might not always materialize on the ground,
as the enabling environment to support such diversification is weak. Loison (2015)
emphasizes that it is only the relatively better-off smallholders with sufficient assets
who achieve successful livelihood diversification; and thus, associated increases
in income and wealth based on livelihood diversification are yet to show notable
benefits for smallholder farmers that are implementing diversified livelihood activ-
ities. The same argument holds in relation to improving climate resilience through
livelihood diversification. Climate change vulnerability in Zambia is largely
a function of people’s poor ability to adapt (i.e., adaptive capacity), which is driven
by high levels of poverty and a lack of access to basic services and supporting
infrastructure (Petrie et al. 2018).

Despite multiple proponents of diversification as a key strategy for climate-smart
agriculture in Zambia (Arslan et al. 2018), there is little empirical research detailing
the possible risks of diversification. Moreover, risks of promoting diversification are
exacerbated by the weak enabling environment. For example, diversifying agricul-
tural practices requires knowledge, skills, and inputs to grow multiple types of crops
and/or rear multiple different types of livestock. Not only could this cost more in the
short run; there is also a greater risk of making mistakes. Diversification can also
lead to localized competition for markets, leading to possible conflicts. Importantly,
promoting over-diversified livelihood activities might limit opportunities to upscale
by taking advantage of economies of scale through access more well developed
markets and value chains. These risks might exacerbate the cycles of poverty that
underpin climate change vulnerability in Zambia.

It is clear that livelihood diversification presents significant opportunities and
challenges, which means it should not be viewed as an adaptation panacea in low
income settings. People will naturally adapt and diversify, where livelihood and/or
income opportunities are better. Hence there is a clear need for dedicated policy and
governance efforts to systematically target, support, and incentivize context-specific
livelihood diversification opportunities that are harmonized across competing devel-
opmental objectives. Bhatta et al. (2015) highlight that livelihood and diversification
strategies need to be tailored to both localized climatic and non-climatic resources
alike to minimize risks and facilitate the lowest-cost (social and economic) transition
to climate resilience.

Conclusions and Recommendations

The system- and society-wide impacts of climate change in Zambia require trans-
formational change in sustainable development. Zambia’s dependence, for example,
on agriculture for its economy and for livelihoods, places the country and its
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populations at high risk to climate change. The related national policies, such as the
incentivization of maize production, do not capture the localized livelihood contexts
and climate risk profiles. The link between climate change and sustainable develop-
ment in Zambia is inextricable, however, and thus these two concepts should not be
viewed in isolation from one another.

Livelihood diversification was identified as the central adaptation option across
Zambia, despite little empirical research detailing possible risks of diversification.
The dominant adaptation discourse is focused specifically on diversifying within
agriculture-based livelihoods. However, as all agricultural activities are impacted by
climate change, diversification also needs to be explored in value added or alterna-
tive sectors. With this, a weak policy framework and enabling environment is
exacerbating cycles of poverty that underpin climate change vulnerability in Zambia.
Moreover, maladaptation risks of existing diversification interventions are high as
generic approaches often do not provide suitable options to complex and localized
risk profiles.

It is evident that there is a strong need to diversify both within and outside of the
agriculture sector, but how this is done will be critical. Thus, the authors recommend
the development of a detailed spatial assessment of the economic, environmental,
and social complexities that contribute to differing levels of climate change vulner-
ability throughout Zambia and how these contribute to or detract from realizing
national sustainable development objectives. Specifically, there is a need to focus on
harnessing the positive feedback loops for systematic change to build resilience,
while minimizing the dominant risk pathways and eliminating persistent barriers that
enable positive feedback loops driving vulnerability to climate change.

First, this will necessitate a detailed examination of a selected range of pathways
for alternate crops, livestock farming, fisheries exploitation, and secondary and
tertiary services to understand key elements ranging from production to market
economics across the various value chains. In this way it will be possible to establish
which livelihoods are most appropriate for different areas, and how these might
be influenced by projected changes in climate. It will also be important to ascertain
how these can best be initiated and sustained from initial development onward in a
way that aligns with national development objectives and policy priorities. Potential
maladaptation risks of diversification can be addressed through continued stake-
holder engagement and incremental development of diversification incentives, pen-
alties, and other governance and/or policy support mechanisms.

To ensure a sustainable transition toward climate resilient and compatible
development in Zambia, this systematic approach toward facilitating diversifica-
tion throughout the economy should be supported by complementary approaches
toward land-use and natural resources management, urban planning and infrastruc-
ture development. Future research endeavors in the region should focus on
supporting this type of holistic approach by developing the evidence-base for
change. Specifically, there is a need for a greater understanding of the complex
interactions and emergent properties of socio-ecological systems in low-income
settings that can inform policy direction at the local scale. This applies specifically
to the derivation and classification of combined climate change and developmental
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risks, how these accumulate in a system and how best these can be addressed given
existing resource constraints.

Additionally, future research should also focus on developing innovative densi-
fied development models in low-income settings, which can balance the need
to simultaneously realize social, economic, and environmental development imper-
atives. Particular emphasis should be given to the potential role of nature-based
solutions and the integration of ecological and traditional gray infrastructure.
Ultimately, this approach toward evidence-led policy implementation will assist to
minimize risks of upscaling livelihood and economic diversification actions, while
continuing to facilitate an effective transition toward climate resilience through
planned and incremental change.
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