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EXECUTIVE SUMMARY  
Introduction 

The Infrastructure, Energy, and Manufacturing sectors bsf!uif!cbdlcpof!pg![bncjbǃt!fdpopnjd!hspxui!
and industrialization agenda, yet these sectors are increasingly exposed and vulnerable to climate-related 
risks. Rising temperatures, shifting rainfall patterns, and more frequent extreme events are already 
disrupting critical assets and systems that underpin connectivity, power supply, and production. As the 
country seeks to expand its industrial base and close infrastructure gaps, climate hazards are emerging 
as a defining factor for the resilience of investments and long-term economic sustainability. This report 
is intended for local and international investors, Commercial Banks, development finance institutions, and 
other financiers seeking to expand private-sector participation in climate adaptation financing in Zambia. 

There is clear evidence that the sectors of Infrastructure, Energy, and Manufacturing1 are priority sectors 
for attracting private finance in Zambia: (i) Infrastructure systems face high climate exposure, with road 
and rail networks intersecting with expanding flood zones and extreme heat hotspots; for example, over 
21&!pg![bncjbǃt!spbe!ofuxpsl!jt!qspkfdufe!up!gbmm!xjuijo!2;61-year flood zones by mid-century, and key rail 
corridors in Copperbelt and Central Provinces show high sensitivity to extreme heat and rainfall (ii) Energy 
jt!cpui!fdpopnjdbmmz!dsjujdbm!boe!ijhimz!wvmofsbcmf;!pwfs!91&!pg![bncjbǃt!fmfdusjdjuz!jt!hfofsbufe!gspn!
hydropower, and 77% of installed capacity lies within the Zambezi and Kafue basins, both highly sensitive 
to rainfall variability and evaporation losses (iii) Manufacturing is a major employer and borrower segment 
for Commercial Banks (approximately 21% of loan books), with strong linkages to agro-processing, 
mining, and trade; it is also highly sensitive to heat stress, water scarcity, and power instability, all of which 
are projected to intensify. These sectors therefore combine high climate risk, high economic importance, 
and strong potential for commercially viable adaptation investment.  

Climate Hazards and Sensitivities 

[bncjbǃt!dmjnbuf!jt!dibsbdufsj{fe!cz!b!nbslfe!xbsnjoh!usfoe!boe!npefsbuf!cvu!jnqbdugvm!dibohft!jo!
hydrology. The most prominent signal is a projected increase in average annual temperatures of 2ƿ3°C 
by mid-century, with the Western Province and Central Plateau expected to experience the greatest rise 
in the frequency of extremely hot days (those above 35°C), extending into regions previously less affected. 
The number of days above 35°C is projected to increase by more than 40 days per year in several districts. 
In contrast, the northern and eastern highlands are projected to be less exposed, likely due to their higher 
elevation. This warming trend poses significant risks to key sectors, particularly energy and transport. 
Hydropower, which supplies over 80% of Zamcjbǃt!fmfdusjdjuz-!jt!jodsfbtjohmz!wvmofsbcmf!up!sfevdfe!boe!
more variable river and reservoir levels, driven by enhanced evaporation and altered precipitation patterns. 
Similarly, road and rail infrastructure is highly sensitive to elevated temperatures, which can lead to 
thermal degradation of pavement materials and reduced performance of rail systems. 

Drought risk is projected to shift only modestly, with annual rainfall totals remaining broadly stable but 
with greater variability between years. Although Zambia faces lower drought stress than its neighbours, 
water availability in the Zambezi and Kafue catchments, which together represent 77% of installed 
hydropower capacity, will remain highly sensitive to rainfall fluctuations and evaporation losses.  SPEI 
projections show widespread drying across major catchments, with several sub-basins experiencing 
declines exceeding 0.5 SPEI units, signalling heightened hydropower and agricultural vulnerability. This 
positions energy generation and water-dependent industries as among the most vulnerable systems. 

Extreme rainfall events are expected to intensify across most provinces, notably in Eastern, Lusaka, 
Northern, North-Western, and Luapula. While total flood extent may increase by an average of around 10% 
nationally, the effects will be uneven, with provinces such as Muchinga facing rises of over 20% in the 
mean maximum daily rainfall depths. Even small increases in rainfall intensity can cause major impacts 

 

 

1 For the purpose of the analysis, Infrastructure was disaggregated into 5 sub-sectors (Transport; Housing; Water and Wastewater; 
Solid Waste Management; ICT and Telecommunications), hence creating a total of 7 sectors for the analysis (with Energy and 
Manufacturing). The full IEM scope and sectors are presented in the Introduction section. 
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due to the sensitivity of transport networks, housing, and drainage systems, which are often poorly 
equipped to manage stormwater.  

Fluvial flooding associated with a 50-year return period event is projected to increase in spatial extent 
across nearly all provinces of Zambia, with the exception of Lusaka. The most pronounced expansion in 
flood-prone areas is expected in Machinga Province, where the relative increase compared to historical 
flood extents is expected to be approximately 23%. Nationally, an average increase of approximately 10% 
in inundated areas is anticipated. These expanding flood zones represent not only a hydrological hazard 
but also a systemic risk to infrastructure, agriculture, and human settlements. In particular, central and 
southern provinces, key economic regions, are likely to experience transport disruptions, infrastructure 
damage, and interruptions to essential services due to increased flood exposure. 

Extreme wind and fire risk are also projected to rise modestly. Northern and Copperbelt Provinces will 
experience stronger winds, affecting transmission infrastructure and ICT networks, while the southwest 
and eastern regions face higher wildfire risks, posing increased risk of fire damage to most  infrastructure 
classes, but particularly rural infrastructure, electricity transmission and distribution lines as well as ICT 
telecom infrastructure like cell towers. 

Emerging Climate Risk Narratives 

Uif!bobmztjt!jefoujgjft!uisff!joufsdpoofdufe!dmjnbuf!sjtl!tupsjft!uibu!efgjof![bncjbǃt!sftjmjfodf!boe!
investment priorities: 

¶ Drought and Energy Security: Espvhiu!dpoejujpot!uisfbufo![bncjbǃt!izespqpxfs!hfofsbujpo-!
which supplies over 80% of national electricity. Declining reservoir levels in the Zambezi and 
Kafue basins, responsible for 77% of installed capacity, have cascading effects on manufacturing 
productivity, export competitiveness, and the financial sector. Historical droughts have reduced 
hydropower output by up to 40% in severe years, triggering nationwide load-shedding and 
production losses. Commercial Banks, whose  exposure to manufacturing and energy is 
meaningful, face heightened credit risks as a result. 

¶ Heat Stress and Productivity: Rising temperatures pose a growing threat to worker productivity, 
asset durability, and business continuity. Chronic heat exposure undermines worker 
performance, occupational safety and overall business profitability, while also driving up energy 
demand for cooling. Projected increases of 40ƿ60 additional days above 35°C in several 
provinces will significantly affect labour-intensive manufacturing segments. Extreme 
temperatures can heavily degrade road surfaces, hindering transportation of people and freight. 
Mvtblb-![bncjbǃt!joevtusjbm!ivc-!jt!qbsujdvmbsmz!bu!sjtl-!bt!bsf!ebub!centres and logistics operations 
in the Southern and Central Provinces. Women- and youth-dominated manufacturing segments, 
such as food processing and textiles, are among the hardest hit, deepening gendered inequalities. 

¶ Flooding, Connectivity, and Trade: Gmppejoh! jodsfbtjohmz! ejtsvqut! [bncjbǃt! usbotqpsu!
infrastructure and export corridors, particularly in flood-prone zones around Livingstone, the 
Copperbelt, and central river crossings. Even minor increases in flood frequency or depth can 
render tertiary and secondary road networks impassable, temporarily cutting off trade routes vital 
for regional exports to Namibia, Zimbabwe, and Mozambique. More than 6,000 km of roads fall 
within projected 1:50-year flood zones, increasing the likelihood of transport disruptions. Extreme 
rainfall events can displace communities, disrupt movements and the overall transport sector, 
including trade and exports. Additionally, landslides occurring as a result of heavy rain can destroy 
road infrastructure or can make roads temporarily impassable. These disruptions carry 
macroeconomic implications, as Commercial Banks have significant exposure to trade, logistics, 
and export-oriented sectors. 

Priority Sectors for Adaptation Investment 

The analysis identified Energy and Manufacturing as the two most relevant sectors for adaptation for 
Zambian Commercial Banks. This was based on the (i) concentration of commercial bank lending today 
(ii) assessment of future commercial bank lending, driven by policy, regulation and political commitments 
(iii) the impact potential of lending to these sectors from the perspective of gender-responsive and 
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inclusive adaptation outcomes. These two sectors represent key concentrations of climate risk for 
Commercial Banks but simultaneously opportunities to play a catalytic role in building Zambian resilience. 

Adaptation opportunities in the energy sector fall into two broad categories: 

1. Energy alternatives: Diversifying and decentralizing the energy mix through investments in low-
emission, climate-resilient generation technologies. Key opportunities include: 

o Solar energy IPPs and captive use, supplying power to the grid or directly to consumers 
under long-term agreements. 

o Waste-to-energy IPPs and captive use, converting organic waste into electricity or heat 
while reducing methane emissions. 

o Microgrids powered by renewables, expanding localized, climate-resilient electricity 
access for industrial zones and underserved areas. 

o Combined PV + Battery Energy Storage Systems (BESS), which store solar power for 
peak use, improving reliability on a hydro-dominated grid. 

2. Defensive measures for existing investments: Enhancing resilience of existing renewable energy 
systems through structural and technological improvements. These include: 

o Passive cooling and shading for solar systems to reduce overheating without additional 
energy use. 

o Heat-resistant conductors and transformer cooling, improving efficiency and extending 
asset lifespan under high temperatures. 

o Waterproofing and SCADA protection to safeguard equipment from humidity and flood 
damage. 

o Elevation or relocation of critical generation assets in flood-prone areas and redundant 
access routes to ensure maintenance continuity during extreme weather events. 

Climate adaptation in manufacturing focuses on enhancing operational resilience and workforce 
productivity through three complementary pathways: 

1. Ensuring consistent energy security: Supporting investments that stabilize electricity access and 
reduce production downtime, including: 

o Combined PV + Battery Energy Storage Systems (BESS) for factories and industrial 
parks. 

o Pooled renewable energy production and purchase, enabling industrial clusters to jointly 
invest in dedicated renewable power supply. 

o Waste-to-energy systems that convert organic by-products (e.g., sludge, manure, or 
whey) into usable energy. 

2. Managing water in a warming climate: Reducing dependence on uncertain rainfall and water 
supply disruptions through alternative water systems, such as rainwater harvesting, industrial 
water reuse & recovery, and in some cases groundwater integration. 

3. Protecting the workforce from heat stress: Introducing workplace adaptations that safeguard 
health and productivity, including HVAC and dehumidification systems, heat barriers and baffles, 
and shift rescheduling to cooler hours. These measures reduce heat-related illnesses and 
absenteeism, improving retention and income stabilityǀespecially for women and older workers 
who are most affected. 

[bncjbǃt!hfoefs!frvbmjuz!boe!tpdjbm!jodmvtjpo!)HFTJ*!dpoufyu!tuspohmz!tibqft!cpui!wvmofsbcjmjuz!boe!
opportunity within the Infrastructure, Energy, and Manufacturing sectors. Although this report does not 
present a dedicated GESI assessment, it identifies where climate risks and adaptation opportunities 
intersect with existing gender and social disparities. Women constitute over 50% pg![bncjbǃt!mbcpvs!gpsdf!
but remain concentrated in informal, low-productivity roles, with limited access to finance, collateral, and 
productive assets. Approximately 70% of women hold bank accounts, yet most remain excluded from 
formal credit, especially in rural areas. Investments that strengthen energy reliability, introduce cooling 
technologies, and expand access to decentralized renewable power can directly enhance productivity, 
income stability, and safety for women, youth, and other marginalized groups. Moreover, opportunities 
for inclusive adaptation can be fostered through youth entrepreneurship in emerging green industries - 
such as solar energy services, waste-to-energy systems, and climate-smart manufacturing. These 
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dynamics underscore the importance of integrating GESI perspectives into subsequent stages of 
investment prioritisation and options analysis, ensuring that adaptation finance not only builds resilience 
but also advances inclusive and equitable economic transformation . 

Uiftf!bebqubujpo!qsjpsjujft!bmtp!bmjho!tuspohmz!xjui![bncjbǃt!obujpobm!dmjnbuf!dpnnjunfout/ The National 
Adaptation Plan (NAP 2022ƿ2030) identifies resilient infrastructure and climate-smart energy systems 
as priority pillars, with explicit emphasis on strengthening hydropower resilience to drought, improving 
drainage and flood-management systems in urban centres, and expanding decentralised renewable 
energy in underserved regions. The Updated NDC (2021) commits to increasing renewable energy 
generation, directly supporting PV-BESS, microgrids, and waste-to-energy solutions. The NDC also 
highlights the need to reduce climate-related production losses in manufacturing, which could include 
improved cooling efficiency, heat-resilient industrial buildings, and enhanced energy reliability. Both the 
NDC and NAP emphasise strengthening early-warning systems and expanding access to climate-risk 
information for vulnerable groups. By targeting energy and manufacturing, the solutions identified in this 
sfqpsu!ejsfdumz!pqfsbujpobmjtf![bncjbǃt!obujpobm!bebqubujpo!qsjpsjujft!boe!sfjogpsdf!uif!dpvouszǃt!mpoh-term 
strategy for resilient, inclusive, and climate-smart development. 

Report Structure and Next Steps 

The findings from this analysis provide a foundation for understanding how climate risks intersect with 
[bncjbǃt!jogsbtusvduvsf-!fofshz-!boe!nbovgbduvsjoh!tztufnt. The following sections of the report 
examine in greater detail the spatial distribution of hazards, sectoral sensitivities, and the implications for 
key economic assets. They also present the evidence base and prioritization process that guided the 
identification of adaptation opportunities, highlighting where targeted investments, particularly in energy 
and manufacturing, can enhance resilience, safeguard economic growth, and create pathways for 
inclusive, climate-smart development. Many of these interventions are technically maturing and show 
strong potential to be commercially viable-!bmjhojoh!xjui![bncjbǃt!jogsbtusvduvsf!boe!joevtusjbm!qpmjdz!
priorities while offering tangible entry points for private finance.  
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INTRODUCTION & BACKGROUND SETTING 

Project Context and Objectives 

This report forms part of a multi -phase assignment commissioned by the Global Center on Adaptation 

(GCA) to identify and scale climate adaptation investment opportunities within infrastructure, energy and 

manufacturing sectors in Tanzania, Kenya, Zambia, and the Democratic Republic of the Congo (DRC).  

The overall aim of the assignment is to generate a robust evidence base on climate risks, identify a range 

of viable adaptation investment solutions, and position private finance to play a catalytic role in 

strengthening resilience across these countries. Recognising that private finance includes a diverse range 

of institutions with differing characteristics this study focuses on  domestic Commercial Banks in the four 

countries of analysis.  

This report focuses on Zambia and captures analysis from Phase 2 of the assignment, building on Phase-

I Inception. It brings together a spatially explicit climate risk analysis, the identification of key 

infrastructure systems, and the mapping of relevant adaptation solutions. This analysis connects hazards 

with sector specific sensitivities in infrastructure, energy and manufacturing sectors in each country, 

before analysing spatial exposure and then seeking to match risks with adaptation solutions that are 

technically mature, locally relevant, productivity-enhancing, gender-responsive and socially inclusive. In 

doing so, the assignment recognises that climate risks and adaptation opportunities are not experienced 

equally and seeks to identify solution pathways that deliver both resilience and inclusion benefits. 

Insights from this phase directly feed into the remaining deliverables. Phase 3 will quantify the market 

opportunity size for a set of 4-5 shortlisted solutions, map value chains in greater detail, and assess the 

market structures that will influence uptake. Phase 4 will explore their financial and commercial viability, 

exploring whether they present a compelling business case for Commercial Banks. Finally, Phase 5 will 

synthesize evidence, from climate and market analysis through to ROI, into a set of investment briefs to 

help GCA, financial institutions and other interested stakeholders scale private-sector adaptation finance. 

By clarifying the risks, exposures, and most promising solution pathways, this report serves as the 

analytical backbone for the phases that follow, ensuring that market sizing, financial analysis, and strategy 

development are firmly grounded in national level climate realities. 

Report Structure 

This report captures the assignments findings for Zambia. A summary of our approach to the technical 

climate risk analysis is provided in Approach and Methodology, including details on methodological 

limitations and sources agreed on inception of the project. A succinct framing of the key Gender, Equity 

and Social Inclusion context, and its relevance for the assignment is also provided in GESI Context in 

Zambia. 

The report is then broken down into the following sections. 

1. Climate Hazard Mapping 

Establishes the climatological baseline and forward-looking projections, covering major hazards 

such as extreme temperatures, droughts, and floods. It highlights where these hazards occur 

across regions and provinces, comparing reference periods (1986ƿ2005) with mid-century 

projections (2041ƿ2060) under RCP 4.5 and RCP 8.5 scenarios. 

2. Sector Sensitivity Analysis  
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Identifies the key systems within each sector and breaks these down to identify key sub-

systems and nodes. The nodes are then analysed against key climate hazards to identify levels 

of vulnerability at the nodal level.  

3. Assessing Infrastructure, Energy and Manufacturing Risk Pathways   

Uses the identified levels of system sensitivity and exposure to climate driven hazards in the 

seven core sub-sectors of Infrastructure, Energy and Manufacturing to map out the key system 

level risks and provides sub-sector analysis.  

 

4. Identifying Climate Adaptation Solutions 

Identifies adaptation solution themes and specific interventions relevant to the priority system 

risks. This section applies a structured prioritisation framework to filter solutions based on 

technical maturity, commercial viability, qpmjdz!tvqqpsu-!cpsspxfsǃt!gju-!and potential for impact 

and gender, resulting in a shortlist of opportunities  

Approach and Methodology 

The Climate Risk and Vulnerability Assessment (CRVA), undertaken for this assignment, is a rapid climate 
hazard, exposure, and sensitivity analysis of selected IEM subsectors in Zambia. It is designed to provide 
a robust analytical foundation for identifying a strategically focused and investable portfolio of climate 
adaptation opportunities across these subsectors. The primary aim of the CRVA is to identify 
opportunities that: 

¶ Address tangible climate vulnerabilities within critical IEM systems, ensuring that interventions 
target real and pressing risks; 

¶ Demonstrate clear commercial potential, offering viable investment opportunities for both private 
sector actors and development finance institutions; and 

¶ Align with national adaptation priorities while remaining consistent with the mandates and 
operational frameworks of international financing entities. 

In line with the guidance of the GCA, the CRVA applies a dual adaptation framing, including: 

¶ Adaptation of assets ƿ interventions that enhance the resilience of infrastructure, energy, 
manufacturing systems themselves against climate-related hazards; and 

¶ Adaptation through assets ƿ investments that deliver broader climate resilience benefits across 
people, systems, and value chains. 

While both approaches are considered, the CRVA places primary emphasis on adaptation through assets, 
focusing on interventions where climate-smart investments can generate system-wide resilience 
dividends, strengthening the broader operational and socio-economic environment. 

The methodology integrates a top-down climate hazard analysis with bottom-up assessments of system 
vulnerability and investment potential. This hybrid approach enables the identification of adaptation 
measures that are simultaneously: 

¶ Climate-informed, reflecting current and projected hazard dynamics; and 

¶ Commercially viable, providing a strong basis for investment prioritisation. 

Bridging climate risk assessment and investment planning will ensure that the CRVA informs adaptation 
opportunities are not only technically sound but also actionable and aligned with both policy frameworks 
and market realities. 
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Analytical Framework 

The CRVA is based on the conceptual framework of climate risk defined by the Intergovernmental Panel 
on Climate Change (IPCC, 2021), which describes climate risk as the interaction between climate-related 
hazards, the exposure of systems or assets, and their vulnerability to these hazards. Hazards, exposure, 
and vulnerability are dynamic, varying in magnitude, likelihood, and over time due to socio-economic 
conditions and human decision-making. This framework emphasizes that climate risk is best understood 
as the combined effect of these three interlinked components, as illustrated in Figure 1. 

 

Figure 1: IPCC Conceptual Framing of Climate Risk as a Combination of Hazards, Exposure, and Vulnerability 
Source: IPCC AR6, Report of WGII on Impacts, Adaptation, and Vulnerability, 2022 

For the purposes of this CRVA, the following definitions have been applied: 

¶ Hazard ƿ The potential occurrence of a climate-related event or trend that could negatively affect 
people, infrastructure, ecosystems, or services. In the context of this study, hazards include direct 
climate variables (such as precipitation, temperature, and wind) as well as secondary impacts 
relevant to the IEM sectors, including flooding, landslides, drought, heat stress, and fire risk. 

¶ Exposure ƿ The presence of IEM assets and systems (such as power generation and 
transmission infrastructure, transport networks, water supply and wastewater systems, 
manufacturing facilities, and ICT networks) in locations that could be impacted by the identified 
hazards. Exposure is assessed through spatial analysis, mapping where critical assets intersect 
with hazard-prone areas, including floodplains, drought-prone regions, and geologically sensitive 
slopes. 

¶ Vulnerability ƿ The susceptibility of IEM assets and systems to be adversely affected by hazards, 
influenced by factors such as design, construction quality, operational practices, maintenance 
standards, and adaptive capacity. Vulnerability analysis evaluates how sensitive these 
components are to identified hazards and their ability to withstand or recover from climate-
related impacts. 
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Methodological Structure 

The methodology for this CRVA is structured around four interconnected and mutually reinforcing 
components, designed to systematically assess climate risk and identify actionable adaptation 
opportunities across the IEM sectors. These components provide a clear analytical pathway from hazard 
identification to investment prioritisation, ensuring that proposed interventions are both climate-informed 
and commercially viable. The four components are: 

1. Climate Hazard and Exposure Assessment ƿ Characterising the nature, frequency, intensity, and 
spatial distribution of climate -related hazards relevant to the IEM sectors. This step establishes 
the foundation for understanding where and how climate events may impact key assets and 
systems. 

2. Sensitivity Analysis (SectorƿSystemƿNode Framework) ƿ Mapping out the sensitivity of each 
sector, system, and individual node to these hazards. This framework enables a detailed 
understanding of which components are most vulnerable and why. 

3. Risk Pathway Analysis ƿ Evaluating how exposure and sensitivity combine to produce climate 
risk, including the identification of critical vulnerabilities, cascading effects across interconnected 
systems, and potential points of systemic failure. This step provides insight into where resilience-
building interventions are most needed. 

4. Opportunity Identification and Investment Prioritisation ƿ Translating the risk assessment into 
actionable adaptation opportunities for key elements of Infrastructure, Energy and Manufacturing 
of relevance for Commercial Banks. This component involves identifying interventions that 
strengthen system resilience and prioritising them based on relevance for conditions in Zambia. 

Each of these components is described in detail in the sections that follow, illustrating the comprehensive 
and integrated approach used to link climate risk assessment with practical adaptation planning and 
investment decision-making. 

Climate Hazard Assessment 

A rapid but spatially robust climate hazard analysis was undertaken across Zambia, focusing on hazards 
with the greatest relevance to IEM systems in the country. The assessment integrates historical baselines, 
current hazard dynamics, and future projections to identify areas where climate-related risks are 
intensifying and where they intersect with key infrastructure, energy, and manufacturing assets. A 
summary of the climate hazards and the justification for their selection is provided in Table 1. 

Table 1:  Hazards Assessed and Justification 

Hazard Type Description and Justification 

Extreme 
Precipitation 

Characterized using mean maximum daily rainfall and 25-year return period 
maximums, this hazard captures intense rainfall events that can overwhelm urban 
drainage systems, leading to pluvial flooding and flash floods. These events pose 
significant risks to infrastructure such as roads, bridges, and wastewater systems, 
which are critical for industrial operations. In the energy sector, heavy rainfall can 
damage substations and disrupt power distribution. For manufacturing, flooding can 
halt operations, damage equipment, and interrupt supply chains. 

Fluvial and 
Pluvial 
Flooding 

Based on JRC flood maps (baseline) and WRI Aqueduct projections (future), this 
hazard includes both riverine and surface flooding. It is particularly relevant for 
infrastructure located near rivers or in low-lying urban areas. Transport networks, 
housing, water supply, wastewater treatment, and hydropower facilities are 
vulnerable. Flooding can damage roads and railways, disrupt energy generation and 
transmission, and affect manufacturing facilities through inundation and logistical 
delays. 

Extreme Heat Assessed using acute heat (10-year return period maximums) and chronic heat 
(annual days >35°C). High temperatures reduce the efficiency of thermal and 
hydropower systems, increase cooling demands, and accelerate wear on electrical 
components. In manufacturing, heat stress affects worker productivity, increases 
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operational costs due to cooling needs, and shortens the lifespan of sensitive 
machinery. Infrastructure such as roads and rail systems may suffer from thermal 
expansion and material degradation. 

Drought Evaluated using accumulated annual precipitation and the SPEI-12 index to identify 
prolonged water stress. Drought directly impacts hydropower generation by reducing 
reservoir levels and river flows. In manufacturing, water scarcity can disrupt 
processes that rely on water for cooling, cleaning, or as a raw material. Drought also 
affects agriculture-based supply chains, which feed into agro-processing and food 
manufacturing industries. Infrastructure dependent on water availability, such as 
sanitation and cooling systems, is also at risk. 

Extreme Wind Measured via peak gusts with a 25-year return period, this hazard is relevant for 
above-ground infrastructure such as transmission lines, telecommunication towers, 
and industrial facilities. High winds can cause structural damage, topple pylons, and 
disrupt energy distribution. In manufacturing zones, wind damage can affect 
warehouse integrity, logistics hubs, and outdoor storage areas, especially where 
wind-resistant design standards are lacking. 

Fire Risk Assessed using climatic dryness indices and historical fire occurrence data. Fire risk 
is particularly relevant in peri-urban and rural zones near vegetated areas. For energy 
infrastructure, wildfires can damage transmission lines, substations, and fuel 
storage facilities. In manufacturing, fires pose a direct threat to facilities located near 
combustible vegetation or reliant on biomass inputs. Fire risk also compounds other 
hazards by reducing air quality and increasing operational downtime. 

The CRVA relies on a combination of high-resolution historical data and regional climate projections to 
characterise climate hazards and inform risk analysis across the IEM sectors. Baseline climate conditions 
(1986ƿ2005) and historical climate conditions were derived from a suite of reanalysis and satellite-based 
observational datasets, providing spatially continuous and consistent representations of key climate 
variables across the study countries. Specifically: 

¶ CHIRPS ƿ High-resolution precipitation data (0.25°) used to quantify rainfall patterns, extreme 
precipitation events, and drought occurrences. 

¶ CHIRTS-Daily ƿ Temperature data (0.25°) employed to assess heat extremes and long-term 
temperature variability. 

¶ ERA5 Reanalysis ƿ Wind and additional meteorological variables, providing comprehensive 
coverage of atmospheric dynamics relevant to hazard assessment (e.g., extreme wind events, 
storms). 

These baseline datasets establish a robust reference against which current and projected climate 
conditions can be compared, forming the foundation for exposure and vulnerability analyses.  

Future climate projections (2041ƿ2060) were obtained from the Africa CORDEX ensemble, consisting of 
16 bias-corrected regional climate model simulations under both RCP4.5 (medium emissions scenario) 
and RCP8.5 (high emissions scenario). These projections provide: 

¶ Spatially detailed estimates of future changes in temperature, precipitation, and other variables; 

¶ Multi-model ensembles that capture uncertainty and variability across models; and 

¶ Inputs suitable for evaluating sector-specific and cross-sectoral climate risks. 

All spatial analyses were conducted at the provincial or equivalent administrative level, enabling direct 
alignment with existing investment planning, infrastructure mapping, and national adaptation 
frameworks. This approach ensures that hazard and exposure data can be practically applied for 
prioritising interventions and investment opportunities in the IEM sectors. 

By combining historical baselines with ensemble-based projections, the CRVA captures both current 
exposure patterns and emerging climate risks, supporting evidence-based adaptation planning and risk-
informed investment decisions. 
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SectorҭSystemҭNode Sensitivity Assessment 

To capture the complex interdependencies and multi-dimensional nature of climate risk, the CRVA 
employs a hierarchical assessment framework that evaluates risk at three interconnected levels: 

¶ Sectors ƿ The broad economic or service domains under study, namely Energy, Infrastructure, 
and Manufacturing. 

¶ Systems ƿ Major operational components within each sector, such as Power Generation, 
Transport Networks, or Water Supply Systems. 

¶ Nodes ƿ Specific assets or critical points within each system, for example reservoirs, substations, 
road surfaces, or data centres. 

Each node is assessed for sensitivity to identified climate hazards through a combination of: 

¶ Literature review, to draw on sector-specific research and global best practices; 

¶ Sectoral datasets, providing information on asset locations, design, and operational 
characteristics; and 

¶ Expert judgment, leveraging in-country and regional expertise to interpret hazard impacts and 
sectoral vulnerabilities. 

A description of each of the sectors as well as the systems and nodes that form part of this analysis is as 
follows: 

Energy Sector 

The energy sector analysis is structured around three primary systems: generation, transmission, and 
distribution. Within generation, multiple technologies are considered as separate sub-systems, reflecting 
the diverse energy mix across the study countries: 

¶ Hydropower ƿ Evaluated at the level of catchments, reservoirs, and generation infrastructure, 
considering risks such as variable rainfall, drought, and flooding. 

¶ Solar ƿ Assessed for insolation patterns, panel efficiency, and inverter systems, including the 
impacts of extreme heat and dust. 

¶ Thermal (coal, diesel, natural gas) ƿ Focused on plant infrastructure, cooling systems, and fuel 
supply, accounting for heat stress, water availability, and operational disruptions. 

¶ Wind, Geothermal, and Bioenergy ƿ Included as relevant per national context, with sensitivity 
assessments tailored to location-specific hazards. 

Infrastructure Sector 

Given its diversity, the infrastructure sector is disaggregated into sub-sectors most relevant for climate 
adaptation investments: 

¶ Transport ƿ Roads, railways, ports, and harbours, including supporting structures such as 
bridges, culverts, and stormwater systems. 

¶ Housing ƿ Affordable and social housing, with attention to building materials, structural 
resilience, and occupancy vulnerability. 

¶ Water and Wastewater ƿ Water supply networks, wastewater treatment, desalination plants, 
stormwater management, and flood protection infrastructure. 

¶ Solid Waste Management ƿ Collection, recycling, landfills, and waste-to-energy systems, 
including transport routes and disposal sites. 

¶ ICT and Telecommunications ƿ a) Mobile Networks b) Core Networks, Data Centres and Network 
Operations Centres, c) Transmission and Backhaul including fibre optic cables and cable landing 
stations. 
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Manufacturing Sector 

The manufacturing sector is analysed along the full production and supply chain, with nodes assessed 
for sensitivity to climate-related hazards that could disrupt operations or supply continuity: 

¶ Raw Material Acquisition ƿ Agricultural, forestry, and mining inputs, including dependence on 
climate-sensitive production areas. 

¶ Processing and Fabrication ƿ Industrial processes, assembly lines, and manufacturing facilities, 
with focus on heat stress, water availability, and operational resilience. 

¶ Distribution ƿ Storage, packaging, and logistics networks, including transport routes and storage 
facilities susceptible to flooding, extreme heat, or other hazards. 

A generic model of a manufacturing system (Figure 2) illustrates the typical flow from inputs to outputs, 
highlighting critical nodes that are particularly vulnerable to heat stress, water scarcity, and supply-chain 
disruptions. This model provides a practical basis for assessing systemic risk and prioritising climate 
adaptation investments across manufacturing operations. 

 

Figure 2: Generic model of a manufacturing system illustrating inputs, processes and outputs 

Risk Pathway Analysis 

Building on the preceding hazard exposure and sensitivity assessments, the CRVA evaluates vulnerability 
pathways across IEM systems to understand how climate hazards translate into system-level risks. This 
analysis provides insights into where and how climate impacts can disrupt critical operations, identifying 
opportunities to strengthen resilience. The key analytical steps include: 

1. Assessing Vulnerability Pathways ƿ Focus has been given towards understanding how specific 
climate hazards, such as extreme rainfall, prolonged drought, and heat stress affect the 
functionality and performance of IEM systems. For example, reduced rainfall can lower 
hydropower generation, while extreme heat may reduce the efficiency of thermal power plants. 
The assessment also considers how disruptions in one system can cascade across sectors, 
amplifying risks, for instance, electricity shortages in the energy sector can affect water pumping 
and treatment, transport operations, and manufacturing processes. Additionally, the analysis 
identifies feedback loops and compounding effects, where initial failures in one part of the system 
exacerbate vulnerabilities elsewhere, highlighting the interconnected nature of systemic risk. 
Beyond internal sectoral linkages, the assessment examines, where relevant transboundary 
dependencies and systemic vulnerabilities. IEM systems and networks depend on regional 
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systems and cross-border infrastructure corridors, meaning that climate-related disruptions 
beyond national borders such as flooding, drought, or infrastructure damage can therefore create 
cascading effects on domestic systems, influencing connectivity, supply reliability, and service 
continuity. 

2. Overlaying Hazard and System Data - Spatial overlays of hazard intensity and the locations of 
critical systems and nodes were used to identify exposure hotspots where assets face elevated 
climate risk. This high-level analysis provides a basis for prioritising adaptation interventions in 
the areas most vulnerable to climate hazards. 

3. Identifying Resilience Gaps - The CRVA evaluates reliability and efficiency risks associated with 
climate hazards, including potential service interruptions, operational downtime, and supply chain 
impacts. At a high level, it also identifies critical points of failure where disruptions could have 
significant socio-economic consequences, such as major transport corridors, energy 
infrastructure, or water systems. 

4. Quantifying Systemic Risk - The CRVA considers multi-hazard exposure and sectoral 
interdependencies to understand how risks may extend beyond individual assets. This approach 
highlights key cross-sectoral vulnerabilities and provides a risk-informed basis for prioritising 
adaptation measures that strengthen resilience across systems and sectors. 

This structured approach allows the CRVA to move from identifying hazard-prone locations to 
understanding how climate events affect system performance, and ultimately to prioritising interventions 
that reduce both localized and systemic climate risks across the IEM sectors. 

Opportunity Identification and Investment Prioritisation 

The final stage of the CRVA translates the vulnerabilities identified across IEM systems into practical 
adaptation investment opportunities. This process focuses on pinpointing interventions that not only 
enhance climate resilience but also offer commercial benefits. This includes determining where strategic 
interventions can strengthen system resilience, such as diversifying energy sources with renewables, 
mitigating the impacts of heat stress on key sectors, or incorporating flood- and climate-resilient designs 
into housing or transport. 

Recognising that the energy, infrastructure, and manufacturing sectors are deeply interconnected, the 
CRVA includes a cross-sectoral analysis to map how vulnerabilities in one system (e.g., electricity supply) 
can cascade into others (e.g., manufacturing production or transport reliability). Understanding these 
interdependencies is critical to designing resilient and bankable adaptation investments that address 
systemic risks rather than isolated vulnerabilities. This relationship is illustrated in Figure 3. 
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Figure 3: Illustration of the interconnectedness of the three focal sectors 

Data Sources and Limitations 

The CRVA for Zambia relies primarily on existing datasets and secondary literature; no new downscaling 
or primary data collection was undertaken. Spatial consistency and quality were maintained through 
cross-validation of global and regional datasets. However, key limitations include: 

1. Variable data resolution across counties and regions - This introduces variability in how precisely 
ib{bset!dbo!cf!dibsbdufsjtfe!bu!tvcƾobujpobm!tdbmft/!Bt!b!sftvmu-!jowftunfouƾsfmfwbou!jotjhiut!bsf!
gsbnfe!bu!obujpobm!ps!qspwjodjbm!mfwfmt!sbuifs!uibo!bu!tqfdjgjd!tjuft/!Gps!qsjwbufƾtfdups!bvejfodft-!
this means the assessment is designed to identify priority adaptation themes rather than 
qsftdsjqujwf!mpdbujpoƾtqfdjgjd!joufswfoujpot/! 

2. Limited local-scale hazard validation data - Sparse and inconsistent ground-based 
nfufpspmphjdbm-!izespmphjdbm-!boe!ib{bseƾjnqbdu!sfdpset!sfevdf!uif!bcjmjuz!up!wbmjebuf!npefmmfe!
projections with observed local conditions. Consequently, confidence levels for hazards such as 
localised flooding, landslides, and urban heat remain constrained, and the projections should be 
joufsqsfufe!bt!joejdbujwf/!Uijt!voefstdpsft!uif!jnqpsubodf!pg!qsjpsjujtjoh!gmfyjcmf-!opƾsfhsfu!
adaptation options. 

3. Uneven availability of asset-level geospatial information - Limited or outdated datasets on the 
exact location, condition, or characteristics of infrastructure, energy systems, and manufacturing 
facilities constrain the ability to model exposure at the asset level. Accordingly, recommendations 
gpdvt!po!tfdupsƾmfwfm!pqqpsuvojuz!bsfbt!sbuifs!uibo!bttfuƾtqfdjgjd!jowftunfou!dbtft/ 

These limitations are addressed by integrating multiple data and information sources (GCA roadmaps, 
AfDB climate profiles, World Bank CCDRs, ThinkHazard, EarthMap, GRI, and national datasets) and by 
applying consistent analytical assumptions across all countries. 

In addition to the climate change data described earlier in the report, spatial data used to represent the 
physical locations of infrastructure and the boundaries of relevant zones, administrative areas and 
included the following: 

1. Zambian National Geospatial Datasets 
a. Provincial and national level administrative boundaries 
b. Road network distribution 
c. Rail network 
d. Hydrological data; Rivers, Lakes, Wetlands, Catchments 
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2. Humanitarian Open Street Map Team (HOTOSM) data sourced from the Humanitarian Data 
Exchange (managed by the United Nations Office for the Coordination of Humanitarian 
Affairs (OCHA)) for: 

a. Populated places - polygons and points   
b. Road Network distribution (surface attributes) 
c. Modelled distributions of high voltage transmission lines 

 

The locations (coordinates) and specifications of hydropower plants were obtained from various reports 
of the Zambian energy regulation board and the Zambian Electricity Supply Utility (ZESCO) and captured 
spatially by the project team by locating the facilities on high resolution aerial imagery in a GIS 
environment. The locations of major bridges were identified by first intersecting the road line network with 
the river network in a GIS environment and then digitising the position of bridges from high resolution 
satellite imagery. 

Zambia: Gender Equality and Social Inclusion (GESI) Overview  

Hfoefs!frvbmjuz!boe!tpdjbm!jodmvtjpo!)HFTJ*!bsf!joufhsbm!up![bncjbǃt!dmjnbuf!bebqubujpo!bhfoeb-!tibqjoh!
both vulnerability and opportunity within the Infrastructure, Energy, and Manufacturing (IEM) sectors. This 
section provides a concise narrative summary bmjhofe!up!Efmjwfsbcmf!3ǃt!qvsqptf!pg!jefoujgzjoh!jowftubcmf-!
gender-responsive adaptation opportunities. Uijt!gsbnjoh!tvqqpsut!Efmjwfsbcmf!3ǃt!pckfdujwf!pg!jefoujgzjoh!
investable and inclusive adaptation opportunities across key sectors. 

GESI Context in Zambia 

Zambia has made notable policy commitments towards gender equality through the National Gender 
Policy (Revised 2021), the Anti-GBV Act (2011), and the 8th National Development Plan (2022ƿ2026), 
which embeds inclusion, employment, and resilience objectives. Despite these frameworks, persistent 
socio-economic disparities limit equitable participation in adaptation-relevant sectors. These disparities 
influence who benefits from adaptation finance and where inclusive investment can deliver the greatest 
resilience and economic impact. 

Xpnfo!dpotujuvuf!pwfs!ibmg!pg![bncjbǃt!mbcpvs!gpsdf (World Bank Group, 2024), yet remain concentrated 
in informal and low-productivity roles, particularly in agriculture and small-scale trade. Limited access to 
gjobodf-!dpmmbufsbm-!boe!qspevdujwf!bttfut!dpoujovft!up!dpotusbjo!xpnfoǃt!fdpopnjd!fohbhfnfou/!Similar 
barriers affect youth and persons with disabilities, who often face higher unemployment and limited 
access to climate-resilient livelihoods. While approximately 70% of Zambian women now hold bank 
accounts (World Bank Group, 2021), most remain excluded from formal credit and investment channels, 
particularly in rural areas where infrastructure and digital connectivity are weaker. Gender-based violence 
(GBV) and time-poverty - stemming from unpaid care work and poor access to reliable energy, transport, 
and water - gvsuifs!sftusjdu!xpnfoǃt!qbsujdjqbujpo!jo!usbjojoh-!xbhf!fnqmpznfou-!boe!foufsqsjtf!bdujwjujft/ 
Addressing these barriers through inclusive business models and gender-responsive finance 
mechanisms can expand the pipeline of viable adaptation investments. 

Sector-Relevant GESI Dimensions 

Energy 

[bncjbǃt!efqfoefodf!po!izespqpxfs!dsfbuft!dbtdbejoh!tpdjp-economic vulnerabilities during drought 
years. Power shortages disproportionately affect women-owned microenterprises and essential social 
infrastructure such as schools, clinics, and agro-processing units (UNDP, 2023). Limited affordability and 
access to renewable energy systems restrict uptake among women and youth. 

However, decentralised renewable energy (RE) solutions - mini-grids, solar home systems, and 
productive-use applications - represent clear opportunities for inclusive growth. Energy projects that 
integrate gender-sftqpotjwf! gjobodjoh! nfdibojtnt-! bggpsebcmf! dpoofdujpo! npefmt-! boe! xpnfoǃt!
technical participation can deliver substantial adaptation and empowerment benefits. Strengthening 
xpnfoǃt!ufdiojdbm!spmft!jo!sfofxbcmf!fofshz!boe!mjoljoh!zpvui!foufsqsjtft!up!tvqqmz!dibjot!dbo!gvsuifs!
unlock inclusive adaptation markets. 

https://www.unocha.org/
https://www.unocha.org/
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Infrastructure 

Gmppejoh!boe!ifbu!tusftt!qmbdf!jodsfbtjoh!tusbjo!po![bncjbǃt!spbe-!ipvtjoh-!boe!xbufs!tztufnt/!Xpnfo!
and persons with disabilities are often most affected by poor connectivity, unsafe transport routes, and 
inadequate sanitation facilities (UN Habitat, 2023) Investments in resilient road networks, nature-based 
drainage systems, and inclusive affordable housing directly address these inequalities. When designed 
with community participation and local employment provisions, such investments can also enhance 
youth and xpnfoǃt!tbgfuz!boe!mjwfmjippet-!xijmf!tusfohuifojoh!bebqujwf!dbqbdjuz (World Bank Group, 
2024). Inclusive design standards and participatory planning can also ensure that infrastructure 
investments meet the mobility, safety, and access needs of diverse groups. 

Manufacturing 

Women are under-sfqsftfoufe!jo![bncjbǃt!gpsnbm!nbovgbduvsjoh!tfdups-!xifsf!uifz!gbdf!cbssjfst!up!mboe-!
credit, equipment, and skills. At the same time, they are heavily engaged in agro-processing and small-
scale production, both of which are sensitive to climate shocks and power disruptions (Zambia 
Development Agency, 2024). Inclusive industrial retrofits - such as energy-efficient machinery, renewable-
powered processing, and heat-safe workplaces - can stabilise productivity while creating jobs and 
business opportunities for women and youth. Support for women-led SMEs in supply chains for 
construction materials, textiles, and food processing further enhances resilience and diversification. 
Integrating GESI criteria into manufacturing-sector support - such as targeted financing for women or 
youth-led SMEs - can increase both economic competitiveness and social impact. 
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CLIMATE HAZARD ASSESSMENT 
[bncjbǃt!tpdjp-economic development is increasingly shaped by the dual pressures of climate variability 

boe!uif!offe!gps!sftjmjfou-!jodmvtjwf!hspxui/!Bt!b!mboempdlfe!dpvousz!jo!Tpvuifso!Bgsjdb-![bncjbǃt!JFN!

sectors are foundational to its economic transformation agenda, yet they are also highly susceptible to 

climate-induced disruptions. The following chapter outlines the contextual backdrop against which 

climate hazards interact with sectoral dependencies, setting the stage for the identification of investment 

opportunities that will enable climate resilience through infrastructure and climate resilience of 

infrastructure. 

Background and Context 

Zambia spans 752,618 km² and is largely situated on a high plateau ranging from 900 to 1,500 meters, 

with elevations exceeding 2,000 meters in the eastern regions such as the Mafinga Hills and Nyika 

Qmbufbv/!Uif!dpvouszǃt!cpsefst!bsf!efgjofe!cz!nbkps!sjwfst!boe!mblft-!jodmvejoh!uif![bncf{j-!Mblf!Lbsjcb-!

Lake Tanganyika, Lake Mweru, and the Bangweulu wetlands. The Copperbelt and Lusaka provinces lie 

bmpoh!uif!ǆMjof!pg!Sbjm-Ǉ!xijdi!tfswes as the main corridor of settlement and economic activity, while large 

portions of the country remain sparsely populated. 

Climatically, Zambia lies within the tropics, but its altitude moderates conditions, resulting in three distinct 

seasons: a warm wet season (NovemberƿApril), a cool dry season (MayƿAugust), and a hot dry season 

(SeptemberƿOctober). Rainfall is concentrated in a five-month window and governed by the seasonal 

movement of the Intertropical Convergence Zone (ITCZ). December and January are typically the wettest 

months, with summer rains moderating high temperatures. Seasonal flooding sustains ecologically 

significant wetlands such as the Bangweulu Swamps, Kafue Flats, and Lukanga Swamp. Sunshine is 

abundant year-round, and temperatures vary with elevationǀvalley regions such as Luangwa and 

Zambezi are the hottest, while the Nyika Plateau and western highlands are the coolest, with occasional 

frost during June and July. 

Although a more detailed climate change assessment is provided in the subsequent chapters, literature 

indicates that rfdfou!efdbeft!ibwf!tffo!b!nbslfe!tijgu!jo![bncjbǃt!dmjnbuf!qspgjmf/!Bwfsbhf!obujpobm!

temperatures have increased by 1.3°C since 1960, with projections indicating rises of 2ƿ3°C by mid-

century and up to 3.4°C by 2100, particularly in southern and western provinces (World Bank Group, 2025). 

Rainfall patterns are seemingly becoming increasingly erratic, with projected declines of 200ƿ300 mm 

per decade in parts of Southern, Lusaka, Eastern, Central, and North-Western provinces by the 2030s ( 

(Government of the Republic of Zambia, 2021).  The onset of rains in northern Zambia is shown to have 

shifted by nearly two months, now beginning in late November. Warm spells, hot nights, and drought 

events are becoming more frequent, with moderate droughts occurring every 3ƿ4 years and severe 

droughts every 5ƿ10 years ( (Libanda, Zheng, & Ngonga, 2019). The 2023/24 El Niño-linked drought, which 

affected over 6.6 million people and 1.1 million smallholder households, highlighted the vulnerability of 

rainfed agricultural systems and the broader socio-economic impacts of climate extremes (World Bank 

Group, 2025). 

Dmjnbuf!wvmofsbcjmjuz!jt!vofwfomz!ejtusjcvufe!bdsptt![bncjbǃt!sfhjpot!boe!populations, with the Southern 

Province and parts of Lusaka and Western provinces facing heightened exposure to low precipitation, 

recurrent droughts, and limited infrastructure ( (Government of the Republic of Zambia, 2021). Eastern 

Lusaka also exhibits high vulnerability due to population density and pressure on services. While adaptive 

capacity is relatively higher in the Copperbelt, Central, and parts of Lusaka, owing to better infrastructure 

and more diversified livelihoods, it remains constrained nationwide by limited financial resources, 

technological access, and institutional capacity (Government of the Republic of Zambia, 2023). Rural 

smallholders, particularly women (who contribute 70% of agricultural labor), female-headed households, 
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the elderly, and people with disabilities face compounded vulnerabilities driven by poverty, limited access 

to productive assets, and entrenched social inequalities (CIAT-World Bank, 2017). 

Uiftf!dmjnbuf!ib{bset!qptf!tjhojgjdbou!sjtlt!up![bncjbǃt!JFN!tfdupst/!Jogsbtusvduvsf!tztufnt!bsf!

vulnerable to both hydrological and thermal stressors. Flooding  is likely to continue to damage transport 

corridors and drainage systems, while droughts may constrain water availability for construction and 

maintenance. Elevated temperatures accelerate material degradation, particularly in asphalt and 

concrete, reducing asset lifespans and increasing maintenance costs. The energy sector, dominated by 

hydropower and reliant on river systems such as the Zambezi and Kafue, is highly vulnerable to rainfall 

variability. Reduced reservoir levels during dry spells may lead to load shedding, undermining industrial 

productivity and public service delivery. Transmission infrastructure is also at risk from flooding and heat 

stress, which can impair grid stability. Manufacturing activities, especially agro-processing, textiles, and 

construction materials , depend on stable inputs of water, energy, and raw materials. Climate hazards 

disrupt supply chains, reduce labor productivity (particularly during heatwaves), and damage machinery 

and storage facilities. Water scarcity affects cooling and cleaning processes, while flooding can lead to 

inventory losses and operational downtime. 

Understanding the spatial and sectoral dimensions of climate hazards is essential for identifying targeted 

interventions that build resilience across the IEM sectors. The following chapters will unpack the specific 

climate hazards (drought, flooding, temperature extremes and wind) and assess their implications for 

infrastructure, energy systems, and manufacturing operations, with a view toward identifying strategic 

investment pathways for climate adaptation and sustainable development. 

 

 

Figure 4: Locality Map of Zambia (administrative divisions since 2012) (Source: Grida) 
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Climate Hazard Assessment Results 

As previously noted, this hazard analysis establishes the foundation for evaluating both exposure and 
sensitivity. Central to this assessment is an understanding of how climate hazards are expected to evolve 
over time, as well as their spatial relationship to the infrastructure under review (exposure). Sensitivity 
refers to the extent to which systemsǀor specific components within those systemsǀare likely to be 
affected by these hazards. The analysis includes a detailed examination of projected changes in extreme 
temperature, extreme precipitation, fluvial flooding, drought, and extreme wind. Each hazard has been 
assessed for its potential impact on IEM systems and the individual components that comprise them.  

Extreme Temperature  

Chronic exposure to extreme temperatures was assessed using the variable of number of days in a year 
where the maximum temperature reaches or exceeds 350C.  Three classes of chronic exposure have been 
defined for the purposes of visualizing the extent of exposure across Zambia. These are as follows: 

1. Low exposure ƿ less than 50 days a year 
2. Moderate exposure ƿ between 50 days and 100 days a year 
3. High exposure ƿ more than 100 days a year 

[bncjbǃt!fyqptvsf to extreme temperature is shaped by its varied topography, which creates distinct 

thermal zones across the country. The lowland regions, including the Zambezi Valley, Kafue Flats, and 

Luangwa Valley, form a contiguous corridor of elevated heat risk, as illustrated in Figure 5 (which is based 

on the number of days in a year that exceed 35ϊC). These areas are characterized by low elevation and 

semi-arid conditions, which amplify heat extremes and prolong hot periods. In contrast, the surrounding 

plateau, particularly in the north and northeast, benefits from higher elevation and cooler temperatures, 

resulting in significantly lower exposure to very hot conditions. 

This geographic contrast is foundational to understanding the spatial distribution of climate hazards. It 

also has direct implications for infrastructure vulnerability where systems located in lowland zones are 

inherently more exposed to thermal stress, while those in higher-altitude regions may be less affected, at 

least under current climate conditions. 

 

Figure 5: Baseline (1986 ƿ 2005) distribution of chronic exposure to extreme temperatures 
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Baseline Heat Extremes  

The historical climate baseline (1986ƿ2005) reveals clear spatial patterns in extreme heat intensity. As 

presented in Figure 6, maximum daily temperatures associated with a 10-year return period are highest 

in the southern lowlands, where values reach 42°C to 45°C in the Zambezi Valley and around Livingstone, 

and 43°C to 44°C across the Kafue Flats and Luangwa Valley. These regions coincide with major transport 

corridors and energy infrastructure, making them particularly relevant for IEM assessments. 

Plateau regions show lower extremes, with Lusaka Province averaging 41.3°C, Western 40.2°C, and 

Southern 40.5°C. The Northern Province records the lowest extremes at 35.4°C. These differences are 

not only climatologically significant but also critical for identifying infrastructure systems that may require 

enhanced thermal resilience. Materials, components, and operational protocols in high-heat zones must 

be designed to withstand more frequent and intense thermal loads. 

 

Figure 6: Comparison of the maximum daily temperature with a 10-year return period during the reference period and 
the projected values for 2041-2060 under RCP4.5 and RCP8.5 scenarios. 

Projected Intensification of Heat Risk 

Climate projections for the mid-century period (2041ƿ2060) indicate a substantial increase in extreme 

heat across Zambia. Under RCP4.5, average temperatures are expected to rise by +1.9°C to +2.1°C, while 

RCP8.5 projects increases of +2.5°C to +2.8°C. These changes will be felt nationwide, but the most 

pronounced warming is expected in the Western Province and central plateau regions. As presented in 

Figure 7, the number of days exceeding 35°C is projected to increase dramatically. In the hottest regions, 

this could mean an additional two months of extreme heat annually. Western Province is expected to see 

the largest increase, with up to 74 additional days under RCP8.5. This escalation will intensify stress on 

infrastructure systems, particularly those not designed for such thermal loads.  
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Figure 7:  Projected (2040 ƿ 2060) distribution of chronic exposure to extreme temperatures 

Emerging Risk Zones and Strategic Planning 

Regions that historically experienced minimal extreme heat, such as the northern and eastern highlands 

(as presented in Figure 8), are projected to begin experiencing a week or more of days above 35°C by 

2050. While these areas will remain relatively cooler, the emergence of extreme heat events introduces 

new vulnerabilities for infrastructure systems that may lack adequate thermal adaptation. This shift 

underscores the importance of forward-looking infrastructure planning.  

 

Figure 8: Projected change in the distribution of chronic exposure to extreme temperatures 
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Key insight: Projected warming of 2ƿ3°C pushes large parts of Western, Southern, and Central Provinces 
into chronic heat exposure zones, with many areas exceeding 35°C for prolonged periods. This creates 
severe risks for worker productivity, energy demand, and material degradation across infrastructure. 

Historical Distribution of Extreme precipitation  

Extreme precipitation patterns in Zambia are shaped by a combination of regional climate dynamics and 
local topographic influences. Unlike average annual rainfall, which follows a relatively consistent northƿ
south gradient, extreme rainfall events are more sporadic and concentrated in specific geographic zones. 
These events tend to occur in upland areas, elevated plateaus, and along escarpments, where terrain 
features intensify convective activity and enhance rainfall accumulation. 

This uneven spatial distribution, as presented in Figure 9, means that infrastructure exposure to intense 
rainfall (represented here by mean maximum daily rainfall) is highly localized. Systems situated in 
topographically complex regions may face elevated risks of flash flooding, erosion, and water-related 
damage, even if the broader region does not receive high annual rainfall totals.  

 

Figure 9: Baseline distribution of acute exposure to extreme precipitation 

Projected Intensification and Regional Shifts 

Looking ahead to the mid-century period (2041ƿ2060), projections under RCP4.5 and RCP8.5 scenarios 
indicate a general increase in extreme precipitation across most of Zambia. The forecasted changes in 
extreme rainfall are illustrated in Figure 10 and Figure 11. As presented in these maps, the magnitude of 
change varies significantly by region. Eastern Province is expected to experience one of the largest 
increases (as illustrated in Figure 11), with a projected rise of 23% under RCP8.5, reaching 66 mm for 
maximum 1-day events. Other provinces with notable increases include Lusaka (+20%), Northern, North-
Western, and Luapula (+19%). 

In contrast, Western and Copperbelt Provinces show more modest changes, with increases ranging from 
10% to 14%. While these figures may appear less dramatic, even small increases in extreme rainfall can 
have outsized impacts on infrastructure systemsǀparticularly where drainage capacity is limited or where 
assets are already operating near design thresholds. 
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Figure 10: Projected medium term (2040 ƿ 2060)  distribution of acute exposure to extreme precipitation 

 

Figure 11: projected change in distribution of acute exposure to extreme precipitation 
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Fluvial (River) flooding  

[bncjbǃt!izespmphjdbm!tztufn!jt!pshboj{fe!joup!tjy!qsjodjqbm!sjwfs!cbtjot-!bt!efgjofe!cz!uif!Xbufs!
Resources Management Authority (WARMA), including the Zambezi, Kafue, Luangwa, Luapula, 
Chambeshi, and Tanganyika basins (Figure 12). These basins span diverse ecological zones and support 
a wide range of socio-economic activities, including agriculture, energy production, urban water supply, 
and biodiversity conservation. 

 

Figure 12: Map of principal river basins in Zambia (in white), together with the main river network in the country 

Flooding in Zambia is most frequent along the Zambezi, Kafue, and Luangwa floodplains. These events 
pose significant risks to agriculture, infrastructure, and communities, often resulting in displacement, crop 
loss, and transport disruption. Recent flood events illustrate the scale and severity of these impacts: 

¶ In February 2025, heavy rainfall in Lusaka Province (Kafue Basin) triggered severe floods and 
flash floods, displacing 50 families and prompting emergency shelter operations. 

¶ Between January and February 2023, Zambia experienced its most severe floods in over 50 years, 
affecting Southern, Central, Eastern, and Lusaka Provinces. In Southern Province alone, over 
154,000 people were impacted, with eight fatalities, widespread evacuations, and extensive 
damage to homes, roads, and bridges. 

¶ In January 2022, flash floods in Namwala, Kalomo, and Choma Districts (Zambezi Basin) 
displaced 500 households, and damaged seven bridges, leaving several communities accessible 
only by air or boat. 

To assess baseline flood risk (in addition to the historical flood events mentioned above), flood extent and 
water depth data from the European Joint Research Centre (JRC) Flood Maps were analyzed for a 50-
year return period event. These maps, with a 100m resolution, provide a detailed view of inundation 
patterns under current climate conditions (Figure 13). It is noted that the Western and Central Provinces 
exhibit the largest flooded areas, primarily within the Zambezi and Kafue basins. Western Province 
records the highest extent, with 9,567km² flooded, representing 6.9% of its total area, largely concentrated 
in the Barotse Floodplain. Central Province follows with 6,136km² (5.2%), while Muchinga and Luapula 
record 4,429km² (4.9%) and 4,020km² (7.7%) respectively. 

Southern, North-Western, and Northern Provinces also show significant exposure, with flooded extents 
ranging from 2,427km² to 3,750 km². Lusaka, although less extensive in absolute terms (1,658km²), is 
among the most exposed relative to its size, with 6.0% of its area affected. Eastern and Copperbelt 
Provinces show lower but still notable exposure, with 1,505km² and 918 km² flooded respectively. 
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Figure 13: Flood Map for 1 in a 50 year river flooding event for the historical period. The zoomed area on the right 
includes the two provinces with the largest exposure (largest area with at least 0.5m of floodwater expected) 

Projections of future flood extents under the RCP 4.5 scenario for the period 2040ƿ2060 were obtained 
gspn!uif!Xpsme!Sftpvsdft!Jotujuvufǃt!Aqueduct Floods dataset (P. J. Ward, 2020). The analysis compared 
areas experiencing flood depths greater than 0.5 m between the baseline and projected periods. As shown 
in Figure 14 and Figure 15, flood extents are projected to increase across nearly all provinces of Zambia, 
with the exception of Lusaka. The largest increase is anticipated in Machinga Province, where inundated 
areas are expected to expand by approximately 23%. Nationally, the average increase in flood inundation 
extent is projected to be around 10%. 
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Figure 14: Projected Flood Extents (2040 ƿ 2060) based on RCP4.5 

 

Figure 15: Changes in flood inundation areas considering the 50-year flood and areas with flooding depths exceeding 
0.5m 
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Key Insight: Flood-prone areas expand by ~10% nationally, with Muchinga and Central Provinces 
experiencing the largest increases. Even modest increases in flood depth (>0.5 m) threaten transport 
corridors, settlements, and agriculture. 

Drought 

Drought exposure in Zambia is shaped by pronounced rainfall gradients and topographic variation. The 
dpvouszǃt!uspqjdbm!dmjnbuf!gfbuvsft!b!tjohmf!sbjoz!tfbtpo-!cvu!uif!tqbujbm!ejtusjcvujpo!pg!qsfdjqjubujpo!jt!
uneven. Rainfall tends to be more abundant in the northern half of the country, while the southern and 
lowland regions receive significantly less, as presented in Figure 16. Elevation and terrain further influence 
these patterns, with valleys and plateaus exhibiting distinct rainfall regimes. These climatic and 
geographic factors define the zones of heightened drought risk. Lowland areas in the south and east, 
where rainfall is both lower and more variable, are particularly susceptible to seasonal water deficits. For 
IEM analysis, this spatial variability is critical as infrastructure systems in drier regions face greater 
exposure to drought-related stress, including reduced water availability for agriculture, urban supply, and 
hydropower generation. 

During the reference period of 1986 to 2005-![bncjbǃt!boovbm!qsfdjqjubujpo!fyijcjufe!b!dmfbs!opsuiƿsouth 
gradient (Figure 16). The northern half of the country consistently received over 1,000mm of rainfall 
annually, while the southern border regions recorded less than 700mm. Most provinces averaged above 
900 mm, with notable exceptions in Southern (739mm), Lusaka (814mm), and Western (818mm) 
Provinces. The Luangwa Valley in the east, despite being surrounded by wetter terrain, received less 
rainfall, though still above 800mm.  

 

Figure 16: Comparison of the mean annual accumulated precipitation during the reference period and the projected 
values for 2041-2060 under RCP4.5 and RCP8.5 scenarios 

Projected Changes in Precipitation and Drought Severity (2041ƿ2060) 

Future projections of mean annual precipitation (Figure 17) under RCP4.5 and RCP8.5 scenarios suggest 
only modest changes across Zambia. Most areas are expected to experience shifts of less than 2%, with 
considerable uncertainty in both the direction and magnitude of change. This relative stability in rainfall 
totals may appear reassuring, but it does not fully capture the evolving nature of drought risk. More telling 
are the projections of drought severity, as measured by the Standardized Precipitation Evapotranspiration 
Index (SPEI) over a 12-month accumulation period (Figure 17). These indicate a potential increase in 
drought intensity, particularly in eastern Zambia and to a lesser extent western Zambia under RCP 4.5. 
Under RCP 8.5, projections show a higher likelihood of increased frequency and magnitudes of drought 
to the west of Zambia. While the overall severity is expected to remain within moderate levels, the spatial 
variability between scenarios suggests that some regions may experience more frequent or prolonged 
dry spells. 



 

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Mapping | Zambia Infrastructure, Energy, & Manufacturing 34 

 

Figure 17: Projected mean of SPEI values (multi-scalar drought index) for an accumulation period of 12 months under 
RCP4.5 and RCP8.5 scenarios for 2041-2060 

Key insight: TQFJ!qspkfdujpot!tipx!npefsbuf!espvhiu!tusftt!)ǭ2/3!up!ǭ2/6*!fnfshjoh!bdsptt!uif!dpvousz-!
underscoring reduced water availability for agriculture, urban supply, and hydropower generation. SPEI 
(Standardized Precipitation Evapotranspiration Index) integrates both rainfall and evapotranspiration to 
measure drought severity, providing a more complete indicator of water balance conditions. 

Extreme wind  

[bncjbǃt!fyqptvsf!up!fyusfnf!xjoe!jt!dmptfmz!ujfe! up!jut!dpnqmfy!upqphsbqiz/!Npvoubjo!sbohft-!
escarpments, and rift valleys shape the movement of air masses, creating localized zones where wind 
speeds are amplified due to channelling and orographic acceleration. In contrast, flatter terrain and low-
lying valleys tend to experience more subdued wind conditions. These geographic contrasts define the 
baseline distribution of wind extremes across the country and are essential for understanding where 
infrastruct ure is most at risk from wind-related hazards. 

During the historical reference period, the strongest extreme wind gusts were recorded in elevated regions 
(see Figure 18). Notable hotspots include the Muchinga Mountains north of the Luangwa Valley 
(20.9 m/s), the southern escarpment of the Luangwa Valley in Eastern Province (21.2m/s), and the 
northern Copperbelt region (20.5m/s). These areas are characterized by steep terrain and elevation 
gradients, which contribute to wind intensification. In contrast, the mildest wind conditions were observed 
in the Luangwa Valley itself and in the far north near Lake Tanganyika, where maximum gusts remained 
below 15 m/s. These calmer zones are typically more sheltered and less exposed to large-scale 
atmospheric disturbances. Figure 18 illustrates the spatial distribution of maximum daily surface wind 
gusts with a 25-year return period, reinforcing the role of topography in shaping wind hazard patterns. 
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Figure 18: Baseline (1996 ƿ 2005) distribution of exposure to extreme wind 

Projected Changes in Wind Extremes (2041ƿ2060) 

Projections for the mid-century period under RCP4.5 and RCP8.5 scenarios suggest a modest but 
widespread increase in extreme wind speeds across Zambia (See Figure 19 and Figure 20). The most 
notable relative increases are expected in Northern Province (up to 4%) and Copperbelt Province (up to 
4.6%). These regions, already characterized by elevated terrain and infrastructure density, may face 
heightened exposure to wind-related impacts. Additional localized increases are projected in the southern 
part of Western Province (+5%) and the Luangwa Valley (+5ƿ6%). While these changes may appear 
moderate in absolute terms, even small increases in wind speed can significantly elevate the risk of 
structural damage, particularly for infrastructure not originally designed to withstand higher wind loads. 

Implications for Infrastructure Resilience 

The projected increases in extreme wind are not uniform but follow existing topographic patterns. Areas 
already prone to high wind speeds, such as mountainous and escarpment zones, are likely to remain the 
most exposed. However, the emergence of localized increases in regions previously considered low-risk 
suggests that wind hazard mapping must be updated to reflect future conditions. Infrastructure systems 
in Northern, Copperbelt, and parts of Western and Eastern Provinces may require targeted adaptation 
measures. These could include structural reinforcements, improved anchoring systems, and the 
integration of wind hazard considerations into land-use planning. For transport and energy networks, 
which often traverse exposed terrain, route planning and maintenance protocols may need to account for 
increased wind stress. 
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Figure 19: Projected medium term (2040 ƿ 2060) distribution of exposure to extreme wind 

 

Figure 20: Projected change in the distribution of exposure to extreme wind 
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Fire 

Wildfire is an important threat to almost all terrestrial infrastructure, to agriculture and to livelihoods.  A 
number of climatic variables influence the threat of wildfire. These include temperature, soil moisture 
levels, humidity and wind. Climate change influences fire risk by increasing temperatures, lengthening fire 
seasons, and intensifying fire behaviour, leading to more frequent, larger, and hotter wildfires, as well as 
extended periods of high fire danger. Rising global temperatures, especially in woodlands and forests, dry 
out vegetation, increasing its flammability, while altered rainfall patternsǀtriggering heavier rains and 
droughtsǀfuel vegetation growth and subsequent fire spread.  

Fire frequency in Zambia varies significantly across different areas and land uses. OBTBǃt!Modis burned 
area data was assessed and the frequency of fires calculated over the period 2010 ƿ 2024 (Figure 21). 
This period indicates a frequency of fires in Luapula, Northern and Muchinga Provinces of at least an 
annual burn. The Kafue National Park in Southern and Central Provinces is also burned at least annually. 
Many of the fires detected are as a result of intentional burning for some management objective such as 
improving grazing. An important implication of this is that fuel load is maintained at a low level and fires 
are likely to be less intense. Where areas are burned infrequently, fuel loads can accumulate and when 
ignited, fires are likely to be intense and highly destructive.  

 

 

Figure 21: Fire frequency across Zambia between 2010 and 2024 based on MODIS Burned Area Product data 

The threat of fire from a climatic perspective is assessed using the number of days with Fire Weather 
Index of 50 or above (50 is the typical threshold for extreme danger of wildfires). Baseline conditions 
(1986 ƿ 2005) indicate the risk for the ignition and spread of wildfires increases in a south westerly 
direction with the lowest risk measured in the north east of the country and the highest risk covering much 
of the Western Province (Figure 22).    

Projected Changes in Fire Threat (2041ƿ2060) 

In the context of climate change, conditions favouring the ignition and severity of wildfires are expected 
to heighten, escalating the potential for infrastructure failure and economic losses. The projected changes 
in the frequency of days where the fire weather index is greater than 50 indicates increasing threat across 
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much of the country with the greatest increases being projected to occur in the far east of the country 
and in the south-west in the Zambezi Valley. This change will push the distribution of greatest risk (areas 
experiencing more than 100 days with WFI>50) north east  

 

Figure 22: Baseline distribution of exposure to the threat of wildfires 

 

Figure 23: Projected change in the distribution of exposure to the threat of wildfires 
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Under future climate scenarios, the most pronounced areas of fire risk is in the Western and Southern 
Provinces of Zambia (Figure 24) . The least at-risk areas are located in the north east of the country. The 
western areas of the country currently have some of the lowest fire frequencies, indicating potential 
accumulation of fuel load, increasing the risk of high intensity and destructive fire. Electricity powerlines, 
cell towers and bases stations and other equipment in isolated rural areas are particularly at risk. 

 

 

Figure 24: Projected medium term (2040 ƿ 2060) distribution of exposure to the threat of wildfires 

Climate hazard summary 

A summary of the climate hazard assessment for Zambia is provided as follows.  

Key findings: 

Extreme Heat. Extreme heat will become a much broader challenge across Zambia, with average 
temperatures projected to rise by 2ƿ3°C by 2040ƿ2060. While the southern and eastern lowlands will 
remain the hottest areas, exposure will expand into regions that have historically been less affected. The 
Western Province and Central Plateau, both agriculturally critical, are expected to see the sharpest rise in 
very hot days, significantly amplifying risks for crops, livestock, and human health. Only the northern and 
eastern highlands will retain partial protection from elevation, though even these areas will warm. Overall, 
heat stress is projected to intensify well beyond current hotspots, with 40ƿ60 additional days per year 
above 35°C in several districts. 

Drought. Drought risk in Zambia is projected to shift only modestly, with most areas expected to 
experience shifts of less than 2%. Annual rainfall totals are expected to remain broadly stable with small 
and uncertain changes across scenarios. While droughts may increase somewhat in severity, particularly 
in the west, they are likely to remain within the moderate range. Compared to neighbouring countries, 
Zambia faces less pronounced drought stress, though localised agricultural and water management 
impacts will still require targeted attention. 

Extreme Wind. Extreme wind speeds are projected to increase modestly, with the strongest relative rises 
in Northern and Copperbelt Provinces. Localised increases will also occur in parts of the south-western 
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by topography, with mountainous and escarpment zones remaining most exposed, while lowland areas 
retain lower values. 

Extreme Rainfall. Extreme rainfall events are expected to intensify across most regions, with mean 
maximum daily rainfall projected to increase by 15ƿ20% in Lusaka, Ndola, and other major centres. The 
Eastern Province is projected to see some of the largest increases, alongside Lusaka, Northern, North-
Western, and Luapula Provinces. Western and Copperbelt Provinces show more modest changes. These 
shifts indicate that intense rainfall will become more widespread, raising risks of flooding even in areas 
not traditionally the wettest. 

River Flooding. Under the RCP 4.5 scenario for 2040ƿ2060, projections from the WRI Aqueduct Floods 
dataset indicate that flood extents in Zambia are expected to increase across nearly all provinces except 
Lusaka, with the most significant rise (about 23%) anticipated in Machinga Province and an average 
national increase of around 10%. These expanding flood zones represent not only a hydrological hazard 
cvu!b!tztufnjd!sjtl!up![bncjbǃt!jogsbtusvduvsf (Pwfs!7-111!ln!pg!spbet!gbmm!xjuijo!qspkfdufe!2;61ƾzfbs!gmppe!
zones), agriculture, and settlements. Given that many highly exposed areas are key economic hubs in the 
central and southern provinces, the resulting transport disruptions, infrastructure damage, and service 
interruptions could have far-reaching socio-economic impacts. 

Fire. Projections for RCP 4.5 indicate that the number of days of severe fire threat (where weather fire 
index (WFI) exceeds 50) increase in all areas of Zambia by up to 22 days, with the most significant 
increases occurring in the far east of the country and in the south west. Existing burning patters suggest 
risk of highly intense and damaging wildfires is greatest in the south west. This presents an increased 
risk of fire damage to any infrastructure, but particularly rural infrastructure and particularly electricity 
transmission and distribution lines as well as ICT telecom infrastructure like cell towers. 
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SECTOR SENSITIVITY ANALYSIS 
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examination of the systems that underpin these domains. Each sector comprises a network of 
interrelated systems, which can be further disaggregated into sub-systems and ultimately into nodes (i.e. 
distinct units that vary in their sensitivity to specific climate hazards). Nodes may take the form of tangible 
assets, such as physical infrastructure or equipment. These can be individual installations (e.g., the Kariba 
Hydropower Station), or classes of infrastructure (e.g., transmission powerlines). Alternatively, nodes may 
represent intangible elements such as institutions, operational processes, or human actors. This 
granularity is essential for identifying where vulnerabilities lie and how climate stressors may propagate 
through sectoral systems. 

As mentioned in the description of our methodology, to capture the complexity and interdependence of 
climate risk across the IEM sectors, the CRVA adopts a hierarchical framework that evaluates sensitivity 
at three interconnected levels: 

¶ Sectors ƿ The overarching economic and service domains under consideration linked to IEM. 

¶ Systems ƿ Core operational components within each sector, such as power generation facilities, 
transport networks, and water supply systems. 

¶ Nodes ƿ Specific assets, institutions, or operational points within each system, including 
reservoirs, substations, road surfaces, data centers, and regulatory bodies. 

The following chapter presents a structured overview of the IEM sectors in Zambia, detailing the systems 
and nodes that form the basis of the sensitivity analysis. By mapping these components within the 
national context, the assessment aims to identify critical exposure points and inform targeted adaptation 
strategies. 

Infrastructure  

The infrastructure sector in Zambia encompasses a diverse array of systems that are foundational to 
economic development and public service delivery. For the purposes of this CRVA, the analysis focuses 
on five key sub-sectors, including transport (roads and rail), affordable and social housing, water and 
wastewater systems, solid waste management, and ICT/telecommunications. Each of these systems 
comprises critical nodes that vary in their sensitivity to climate-related hazards. The following sections 
present a structured assessment of these sub-sectors, examining their constituent systems and nodes 
in relation to projected climate risks. 

Transport  

Usbotqpsu!jogsbtusvduvsf!jt!b!dpsofstupof!pg![bncjbǃt!dpoofdujwjuz!boe!usbef-!qbsujdvmbsmz!hjwfo!jut!
landlocked geography. Within this sector, road and rail systems have been identified as the most critical 
sub-systems due to their role in facilitating domestic mobility of people, goods and services and regional 
integration. The following sections provide a detailed assessment of these systems and their sensitivity 
to climate hazards. 

Roads 

[bncjbǃt!spbe!ofuxpsl-!fydmvejoh!sftjefoujbm!tusffut-!jt!sfmbujwfmz!mjnjufe!jo!tdbmf!dpnqbsfe!up!nboz!puifs!
countries. Strategic connectivity is provided by a system of trunk roads (approximately 2,800km) and 
primary roads (approximately 3,500km), which radiate outward from Lusaka and link the capital to key 
border crossings with Namibia, Botswana, Zimbabwe, Mozambique, Angola, the Democratic Republic of 
Congo, and Tanzania. These corridors also connect Lusaka to economically vital regions such as the 
Copperbelt and regional centres including Kasama and Livingstone (see Figure 25). Secondary roads 
(approximately 4,450km) and tertiary roads (approximately 19,000km) extend this network, providing 
local access and supporting rural mobility.  
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Figure 25: Zambian road network (HOTOSM data 2025) and important bridges 

Key nodes in the road transport sub-system 

Key nodes worth considering are the three main different types of roads, including 1) asphalted roads, 2) 
engineered unsealed roads (gravel roads) and 3) all other roads (effectively tracks), as well as other key 
infrastructure components like bridges, culverts, pavements and stormwater drains.  

Whilst the vast majority of trunk and primary roads are sealed surfaces (asphalt or concrete), the majority 
of secondary and tertiary, as well as some of the primary and trunk roads are gravel surfaces. This is an 
important distinction when considering the sensitivity of these nodes to climate-related hazards as 
surface type and engineering standards influence vulnerability to rainfall, flooding, and temperature 
extremes. 

River crossings are critical nodes in the road transport system, and in Zambia, are accommodated 
through bridges, ferries and fords. As a land locked country, the Zambian export market is very reliant on 
overland transport of goods, particularly to South African and Mozambican ports. Important bridges have 
been built across the Zambezi River at Katima Mlilo, Kazangula and Chirundu which serve as critical links 
between Zambia and its southerly neighbours. Internally however, secondary and tertiary routes are 
largely reliant on ferry crossings and fords which are highly vulnerable to changes in river level and 
flooding.   

Infrastructure sensitivity to climate-related hazards 

Road infrastructure in Zambia is exposed to a range of climate hazards, with sensitivity varying by node 
type and engineering quality: 

¶ Heavy rainfall and flooding: All road types are vulnerable, with impacts ranging from surface 
erosion and pothole formation to complete structural failure. Bridges are particularly at risk during 
high-flow (flood) events. 

¶ Landslides: Triggered by intense rainfall, landslides can obstruct or destroy road segments, 
especially in hilly terrain. 

¶ Stormwater infrastructure : Drains and culverts are susceptible to blockage and overflow, 
exacerbating flood impacts on adjacent roads. 

Road type
Total length 
(Km)

trunk 2809.1
primary 3525.2
secondary 4452.2
tertiary 19845.9
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A summary of road related nodes and the hazards and sensitivities associated with these hazards are 
provided in Table 2. 

Table 2:  Node-specific hazard sensitivity for Road Systems 

Node Hazard Sensitivity 

Asphalted roads Extreme temperatures Extreme temperatures can cause asphalt to 
soften, and under pressure from vehicle traffic 
(heavily loaded trucks in particular) cause the road 
surface to crack, allowing water to penetrate and 
weaken the base layers ultimately forming 
potholes. 

Prolonged periods of 
heavy rainfall 

Prolonged periods of heavy rainfall can result in 
the development of potholes as rainwater 
penetrates cracks, weakens the structure below 
the road surface, and, combined with traffic 
stress, leads to surface collapse and pothole 
development. 
 
Prolonged periods of heavy rainfall can also result 
in the erosion of soil and gravel on the edges of 
roads, ultimately undermining the road structure 
and leading to the road edge crumbling.  

Droughts Prolonged periods of drought can result in the 
drying out of soils and shrinkage of clay sub-soils. 
This sub-surface movement can result in the 
cracking of road surfaces which over time will 
allow water to penetrate the road surface and 
potholes to develop. 

Unsealed roads Prolonged periods of 
heavy rainfall 

Depending on the surface material applied and on 
the nature of the material making up the road, 
prolonged periods of heavy rain combined with 
mechanical disturbance by vehicles may result in 
the road turning to mud and becoming 
unpassable.  

Bridges Extreme temperatures Extreme heat can also cause bridges to expand, 
placing stress on the joints and potentially leading 
to structural damage. 

Extreme winds Depending on the size and structure of the bridge, 
extreme winds can pose a major threat to bridges, 
through aerodynamic forces that can induce 
vibrations, swaying, twisting, and oscillations in 
the structure. These effects can compromise the 
stability and structural integrity of a bridge. 

 

Rail 

Rail transport in Zambia plays a relatively minor role in cargo movement, accounting for only 8% of freight 
in 2015 (Mwila, 2016). This is primarily due to the poor state of the railway infrastructure, the very low 
speeds attained by locomotives and the very limited routes available. The remaining 92% of cargo was 
thus transported by road. This situation has likely not changed since then due to the lack of investment 
into new or upgraded rail links in the country.  

Uifsf!bsf!ipxfwfs!joufoujpot!up!jnqspwf![bncjbǃt!sbjmxbz!dpoofdujwjuz!xjui!ofjhicpvsjoh!dpvousjft/!Jo!
recent news, it was announced that the Africa Finance Corp. intends calling for bids from companies to 
cvjme!b!ofx!sbjmxbz!dpoofdujpo!cfuxffo![bncjbǃt!dpqqfs-rich region and an existing line that runs to the 
Angolan port of Lobito (Bloomberg, 2025). 
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The Zambian rail infrastructure supports both freight and passenger rail systems.  In the Zambian context, 
passenger rail is a relatively minor component and, with respect to climate hazard sensitivities, largely 
mirrors the freight service. These two components are therefore assessed as a single system. Importantly 
from a climate hazard perspective, none of the Zambian lines are electrified, and all locomotives in 
operation are diesel powered. 

Key nodes in the railway transport sub-system 

Lfz!opeft!xjuijo![bncjbǃt!sbjm!usbotqpsu!tztufn!jodmvef!sbjmxbz!mjoft-!csjehft-!tjhobmmjoh!boe!dpouspm!
equipment, rolling stock, shunting yards, depots, and stations. In electrified contexts, overhead line 
equipment would also be relevant, though it is cursfoumz!bctfou!gspn![bncjbǃt!ofuxpsl/! 

Infrastructure sensitivity to climate-related hazards 

These components are variably sensitive to climate-related hazards, with flooding and landslides posing 
the most significant threats. Infrastructure located in flood-prone areas is particularly vulnerable to 
inundation, which can damage or destroy tracks, signalling systems, and rolling stock. The severity of 
impact depends on the specific node and its design characteristics, but in extreme cases, flooding can 
lead to complete infrastructure failure. Similarly, landslides triggered by heavy rainfall can obstruct or 
demolish rail lines, resulting in costly repairs and prolonged service disruptions. These risks underscore 
the importance of spatial hazard mapping and node-specific vulnerability assessments. A summary of 
rail-related nodes and their associated hazard is provided in Table 3.  

Table 3:  Node-specific hazard sensitivity for Railway Systems 

Node Hazard Sensitivity Description 

Railway 
lines 

Extreme 
temperatures 

Steel rails expand and contract with temperature; in high heat, 
compressive forces can rise, elevating the risk of lateral misalignment 
)ǂtvoƾljoltǃ*! xifsf! cbmmbtu! sftusbjou-! gbtufojoht-! ps! sbjm! ofvusbm!
ufnqfsbuvsf!bsf!jobefrvbuf/!Uijt!jt!b!xfmmƾepdvnfoufe engineering 
nfdibojtn!jo!dpoujovpvt!xfmefe!sbjm!tztufnt/!!Jo![bncjbǃt!dpoufyu-!
sfdfoumz!pctfswfe!sbjm!ejtsvqujpot!ibwf!cffo!epnjobufe!cz!ifbwzƾsbjo!
and landslide events on the TAZARA corridor, which have caused 
xbtipvut-!gpsnbujpo!gbjmvsft-!boe!nvmujƾxffl closures.   

Flooding Flooding can erode ballast and subgrade materials, destabilize track 
alignment, and corrode metal components. Severe inundation may 
wash away sections of track and compromise long-term structural 
integrity. 

Landslides Landslides triggered by heavy rainfall can obstruct or destroy rail lines, 
damage embankments, and disrupt drainage systems, leading to 
service interruptions and costly repairs. 

Signalling 
and 
controls 

Prolonged 
heavy rainfall 

Water ingress can interfere with electrical systems, causing signal 
failures, short circuits, and compromised safety protocols. 
Vulnerability increases in poorly sealed or low-lying installations. 

Flooding Submersion of control cabinets and relay boxes can lead to electrical 
failure and data loss. Recovery may require full replacement of 
affected components. 

Landslides Landslides can sever cable connections, damage control 
infrastructure, and isolate signalling nodes from the network. 

Bridges Extreme 
temperatures 

Thermal expansion stresses joints and bearings. Chronic exposure can 
lead to fatigue in metal components, increasing the risk of structural 
failure. 

Extreme winds Aerodynamic forces can induce oscillations, swaying, and torsion. 
These effects may compromise bridge stability, especially in long-span 
or elevated structures. 

Flooding High river levels and flash floods can scour foundations, weaken piers, 
and dislodge structural elements. Debris carried by floodwaters may 
impact and damage bridge superstructures. 
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Landslides Landslides near bridge abutments or access roads can undermine 
foundations, block approaches, and destabilize surrounding terrain. 

Shunting 
yards 

Extreme 
temperatures 

High heat affects mechanical operations, including track switches and 
coupling systems. Prolonged exposure may degrade materials and 
reduce operational reliability. 

Flooding Yard tracks and equipment can be submerged, leading to corrosion, 
electrical faults, and operational delays. Waterlogged ground may 
impair traction and movement. 

Landslides Yards located near unstable slopes may be affected by debris flow, 
obstructing operations and damaging rolling stock or infrastructure. 

Ports 

Given that Zambia is a land-locked country, there are no marine ports in the country. The only port 
infrastructure of economic significance in Zambia is in the small lakeside town of Mpulungu on the 
southern shores of Lake Tanganyika. This port services cargo movement on a limited scale together with 
fishing and passenger ferry activities. Ports are thus not considered any further in this assessment.  

Affordable and social housing 

Access to affordable and social housing plays a critical role in improving individual and community well-
being. Secure housing not only provides shelter but also supports health, hygiene, and educational 
outcomes by enabling access to clean water, sanitation, electricity, and protection from environmental 
stressors such as heat and disease vectors (World Bank, 2021). In Zambia, the provision of affordable 
housing is central to inclusive development, yet it is increasingly challenged by climate-related hazards 
that disproportionately affect low -income and marginalized populations. Affordable and social housing 
developments are often situated on lower-cost land, which tends to be more exposed to environmental 
risks. These locations, typically in low-lying areas, floodplains, or poorly drained terrain, are particularly 
vulnerable to climate extremes. As climate change intensifies, the sensitivity of housing systems to 
hazards such as flooding, heatwaves, storms, and droughts is expected to increase, compounding 
existing vulnerabilities and placing additional strain on infrastructure and public services. 

Several climate hazards pose systemic risks to affordable and social housing, including: 

¶ Flooding: Housing developments in flood-prone areas face high exposure to both pluvial and 
fluvial flooding. Flood events can damage structural components, disrupt water and sanitation 
services, and displace residents. Projections suggest that climate change may triple the number 
of homes at risk in some regions by 2050. 

¶ Extreme heat and heatwaves: Marginalized communities often experience elevated temperatures 
due to poor urban design, limited vegetation, inadequate insulation, and lack of cooling 
infrastructure. These conditions increase health risks and mortality during heatwaves. 

¶ Storms and high winds: Increased frequency and intensity of storms can damage roofs, walls, 
and utility systems, leading to displacement and costly repairs that low-income households 
struggle to afford. 

¶ Wildfires: In fire-prone regions, housing constructed with flammable materials such as thatch or 
timber is highly vulnerable. Fire events can destroy homes and pose serious safety risks. 

Key nodes and sensitivities 

Affordable and social housing systems consist of multiple interconnected nodes, each with distinct 
sensitivities to climate hazards. These nodes include raw materials, construction processes, utility 
services (water, sanitation, electricity), and structural components (foundations, walls, roofs).  

 

 

 

Table 4 summarizes these nodes and their associated hazard sensitivities. 

 



 

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Mapping | Zambia Infrastructure, Energy, & Manufacturing 46 

 

 

 

Table 4:  Node-specific hazard sensitivity for Affordable and Social Housing 

Node Hazard Sensitivity Description 

Raw materials Variety The sensitivity of raw material production, particularly cement, is 
addressed in detail under the manufacturing sector. Climate 
hazards may disrupt supply chains, increase production costs, or 
reduce material availability. 

Construction Prolonged 
heavy rainfall 

Extended rainfall can delay construction schedules, cause pluvial 
flooding at sites, and create unsafe or sub-optimal working 
conditions. Waterlogging may also damage partially completed 
structures and materials. 

 
Extreme 
temperatures 

High temperatures reduce construction productivity due to heat 
stress risks for workers. Prolonged exposure may also affect 
curing times for concrete and compromise material performance. 

Water and 
sanitation 

Prolonged 
heavy rainfall 

Rainfall-induced erosion can expose underground pipework, 
increasing the risk of mechanical damage and long-term 
degradation. 

 
Floods Flooding can displace or rupture underground water and 

wastewater pipes. Severe events may destroy entire networks, 
leaving homes without clean water and exposing communities to 
raw sewage and contamination. 

Electricity Floods Flooding can erode and expose underground electrical conduits, 
leading to short circuits, equipment failure, and power outages. 
Submerged electrical components such as circuit breakers are 
highly vulnerable to damage. 

Structure ƿ 
foundations 

Prolonged 
heavy rainfall 

Saturated soils and surface runoff can erode foundation bases, 
weakening structural integrity. Repeated exposure may lead to 
subsidence or uneven settlement. 

 
Floods Fluvial flooding can wash away soil around foundations, leading 

to structural instability. In extreme cases, foundation failure may 
result in partial or total building collapse. 

Structure ƿ 
roof 

Extreme wind High winds can dislodge roofing materials such as tiles or 
corrugated sheets. Poor construction and lightweight materials 
increase vulnerability. Entire roofs may be lost in severe wind 
events. 

 
Hail storms Large hailstones can puncture or shatter roofing materials. 

Damage severity depends on material type, with brittle or 
lightweight roofs being most susceptible to complete failure. 

 
Fire Roofing materials such as thatch and timber are highly 

flammable. Wildfires can ignite roofs directly or via embers, 
leading to rapid structural loss. Fire-resistant materials and 
design are critical for mitigation. 

Structure ƿ
walls 

Floods Floodwaters can erode supporting foundations and saturate wall 
materials. In severe cases, hydrostatic pressure and erosion may 
cause wall collapse and total building failure. 
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Extreme wind Well-constructed brick and mortar walls are generally resilient, but 

walls built with inferior materials may suffer cracking, detachment 
of windows or doors, and partial collapse under high wind loads. 

 
Fire Wall materials vary in fire resistance. Timber-framed structures 

are especially vulnerable, while masonry may resist ignition but 
still suffer thermal damage and loss of structural integrity. 

Water and waste water 

Water and wastewater infrastructure plays a vital role in safeguarding public health, supporting urban 
development, and ensuring environmental sustainability. In Zambia, these systems vary significantly 
between urban and rural contexts, with centralized treatment facilities serving major cities and 
decentralized sanitation technologies more common in peri-urban and remote areas. For the purposes of 
this study, water supply services has been considered separately from waste water services, as described 
below.  

Water supply services 

Access to safe and reliable water supply in Zambia is largely concentrated in major urban centres, where 
centralized treatment facilities are in operation. Cities such as Lusaka, Kitwe, Livingstone, and Kazungula 
host water treatment plants that employ conventional purification processes including sedimentation, 
filtration, and chlorination to meet potable water standards. For instance, the Kazungula Water Treatment 
Plant, recently upgraded with enhanced filtration and chlorine dosing, has a capacity of approximately 6 
million litres per day, supplying treated water to the town and surrounding communities. 

Water utilities such as the Lusaka Water Supply and Sewerage Company (LWSC) and Kafubu Water and 
Sewerage Company manage extensive infrastructure networks comprising raw water intake systems, 
pumping stations, treatment facilities, and distribution pipelines. These systems are critical for urban 
water security but are increasingly exposed to climate-related hazards that threaten operational continuity 
and service delivery. 

Key Nodes in the Water Supply System 

Where formal water supply services exist, the system is composed of the following key nodes: 

¶ Water source: Reservoirs, rivers, or boreholes from which raw water is extracted. 

¶ Pumping infrastructure: Mechanical systems that convey water to treatment plants and 
distribution networks. 

¶ Treatment facilities: Units for sedimentation, filtration, and disinfection (typically chlorination). 

¶ Distribution network: Underground pipelines and storage tanks that deliver treated water to end 
users. 

Each of these nodes is sensitive to climate hazards such as drought (affecting water availability), flooding 
(damaging infrastructure), and extreme temperatures (impacting mechanical and chemical processes). 

Waste water services 

Wastewater treatment in Zambia is similarly concentrated in urban areas, with stabilization ponds being 
the predominant technology. These ponds, either aerated or conventional, treat sewage biologically over 
extended retention periods. In Lusaka, multiple wastewater treatment plants (WWTPs) operate within the 
city limits, including the Manchinchi facility, which processes up to 36 million litres of sewage daily. In 
Livingstone, the municipal sewer system conveys wastewater to large stabilization ponds located on the 
djuzǃt! pvutljsut-! tvqqpsufe! cz! qvnq! tubujpot! uibu! nbobhf! gmpx! wpmvnft/! Uijt! gbdjmjty receives 
approximately 129 litres per second (equivalent to 11 million litres per day). 

For urban households not connected to centralized sewer networks, sanitation is managed through 
decentralized systems such as septic tanks and pit latrines. Septic tanks are periodically emptied by 
vacuum trucks and transported to WWTPs where available, while pit latrines are often left unmanaged for 
extended periods. 
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In rural and peri-urban areas, wastewater management relies on simpler technologies including soak-
away pits, on-site chlorination at boreholes, and pit latrines. These systems are more prevalent in low-
density and informal settlements, where infrastructure investment is limited. 

Zambia is actively pursuing upgrades to its wastewater infrastructure. Procurement is underway for two 
advanced WWTPs in Lusaka, supported by financing from the European Investment Bank and 
Kreditanstalt für Wiederaufbau. These facilities will be designed, built, and operated by Va Tech Wabag, a 
private firm specializing in water and wastewater engineering. These developments are expected to 
improve treatment efficiency and expand service coverage in the capital 

Key nodes and sensitivities 

Wastewater infrastructure in Zambia comprises distinct nodes with varying sensitivity to climate hazards. 

These nodes differ between urban and rural contexts, whereby in  Urban centres, the nodes includes sewer 

networks, pump stations, stabilization ponds and in peri-urban and rural areas, nodes include septic tanks, 

pit latrines. Table 5 below summarizes the climate hazard sensitivities associated with each node. 

 

Table 5:  Node-specific hazard sensitivity for Water and Waste Water 

Node Hazard Sensitivity Description 

Sewer 
network 

Prolonged 
heavy rainfall 

Saturated soils and surface runoff can expose underground pipes 
through erosion, increasing vulnerability to UV degradation and 
mechanical damage. Infiltration may also overload the system. 

 
Floods Flooding can inundate sewer lines, causing backflow, pipe 

displacement, and contamination of surrounding areas. 
 

Extreme 
temperatures 

High temperatures may accelerate material degradation, 
particularly in plastic piping, and affect joint integrity. 

 
Landslides Landslides can sever or crush underground sewer lines, leading to 

service disruption and costly repairs. 

Pump 
stations 

Floods Fluvial flooding can submerge pump stations, damaging electrical 
and mechanical components. Severe events may result in total 
equipment loss and building damage. 

 
Extreme 
temperatures 

Excessive heat can cause pump motors to overheat, reducing 
operational efficiency and increasing failure risk. 

 
Landslides Landslides may destabilize pump station foundations or destroy 

above-ground infrastructure. 

Stabilization 
ponds 

Prolonged 
heavy rainfall 

Stormwater ingress can exceed pond capacity, leading to overflow 
and discharge of untreated effluent. 

 
Floods Floodwaters may breach pond embankments, releasing untreated 

sewage and damaging biological treatment processes. 
 

Extreme 
temperatures 

High temperatures (>35°C) can disrupt aerobic digestion, promote 
algal blooms, and reduce treatment efficiency. 

 
Landslides Landslides can damage pond embankments, disrupt flow 

channels, and compromise structural integrity. 

Septic tanks Floods Flooding can infiltrate septic systems, causing overflow, 
contamination, and structural damage to tanks and soak-away 
pits. 

 
Drought Reduced water availability may impair flushing and decomposition 

processes, leading to odour and hygiene issues. 
 

Landslides Ground movement can crack or displace tanks, leading to leakage 
and environmental contamination. 
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Pit latrines Floods Flooding can cause latrines to overflow, contaminating nearby 
water sources and posing serious public health risks. 

 
Drought Dry conditions may reduce decomposition rates and increase 

odour and vector attraction. 
 

Landslides Pit collapse or structural failure may occur in unstable terrain, 
rendering latrines unusable and hazardous. 

Solid waste 

[bncjbǃt!tpmje!xbtuf!nbobhfnfou!tztufn!sfnbjot!dpodfousbufe!jo!nbkps!vscbo!dfousft!tvdi!bt!Mvtblb-!
Livingstone, Ndola, Kitwe, and Luangwa, with limited formal infrastructure in peri-urban and rural areas. 
Despite efforts to improve municipal waste handling, collection coverage is inconsistent and often 
incomplete, particularly in informal settlements and high-density residential zones. 

Waste disposal is primarily conducted through centralized dump sites, with Chunga Dumpsite in Lusaka 
being the most prominent. However, no engineered sanitary landfills currently exist, and most sites lack 
essential environmental safeguards such as leachate treatment systems, gas capture, and proper 
containment measures. This exposes communities to significant health risks, including vector-borne 
diseases, respiratory issues, and water contamination. 

Recent policy discussions and pilot initiatives, such as those in Solwezi and Lusaka, highlight the potential 
for integrated solid waste management (ISWM) and circular economy approaches. These include waste 
segregation at source, composting, recycling, and energy recovery, but implementation remains limited 
due to financial, logistical, and institutional constraints . A summary of solid waste specific nodes, hazards 
and sensitivities is provided in Table 6.  

Table 6:  Node-specific climate hazard sensitivity for Solid Waste 

Node Hazard Sensitivity 

Collection 

Vehicles 

Heavy rainfall, 

resulting in pluvial 

flooding,  

¶ Extreme precipitation results in the reduced mobility of vehicles 

as roads around depots, dumps and in collection areas become 

impassable, resulting in delays in collection. 

¶ Extreme rainfall also means that vehicles experience greater 

wear and tear and  mechanical breakdowns, particularly if 

rainfall is accompanied by hail.  

 Extreme heat Extreme heat is likely to result in limited loss of vehicle operational 

time due to older vehicles overheating.  

Labour Extreme heat ¶ Heat stress can result in reduced productivity and higher rates 

of  absenteeism.  

¶ Increased temperatures can also result in increases in diseases 

as warmer conditions favour the life cycles of flies and other 

vectors.  

 Extreme 

precipitation 

Labour productivity is reduced as working conditions deteriorate. 

Extreme precipitation and pluvial flooding makes working 

conditions unsafe. 

Depots Extreme 

precipitation 

The most important sensitivity of depots to extreme rainfall is that 

the roads and outdoor working areas become un-usable. This 

reduces productivity and increases maintenance costs.  

Dump Sites Extreme 

precipitation 

¶ Extreme precipitation at dump sites can result in loss of 

operational time as roads become impassable and the ground 

and the dump become saturated.  
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¶ Extreme precipitation will also result in increased leaching of 

pollutants from the dump, threatening ground and surface 

water resources 

 Extreme 

temperatures 

Chronic exposure to high temperatures, especially if accompanied 

by extended dry conditions can result in increased risk of 

spontaneous combustion of waste by enabling preheating of 

waste materials, which can accelerate self-heating to ignition 

temperatures. 

 Flooding ¶ Large-scale river flooding can inflict significant damage to 

dump sites and can result in the transportation of waste 

material away from the dump and into the surrounding 

environment.  

¶ Flooding can also result in damage to infrastructure such as 

weigh-bridges. 

 Fire Dump sites are sensitive to wildfires since a large proportion of 

solid waste is combustible. Once a solid waste dump has ignited, 

it is very difficult to control .  

 Extreme wind High wind speeds can result in the transportation of solid waste 

like plastic, paper, cardboard etc. as well as dust and other 

particulate pollution from the dump to surrounding areas. This will 

incur additional costs if waste is to be retrieved and the area 

cleaned. 

 

ICT Telecoms 

The ICT infrastructure comprising mobile networks (cell towers, base stations, and associated power 
systems), core networks (data centres and NOCs), and transmission & backhaul systems (terrestrial and 
cross-border fibre-optic networks, microwave links, and international cable landing connections) forms 
an interconnected web of physical and digital assets spanning national and regional boundaries. 

[bncjbǃt!effq!joufsdpoofdujpo!xjui!Ubo{bojbǃt!usbotnjttjpo!boe!cbdlibvm!jogsbtusvduvsf-!opubcmz!uif!
MbeyaƿDar es Salaam fibre corridor and coastal submarine landing stations (SEACOM, EASSy, WIOCC), 
creates a structural dependence on Tanzanian infrastructure. This dependency introduces transboundary 
climate hazards, whereby climate-related disruptions in Tanzania could cascade into widespread 
connectivity failures in Zambia. 

Key Nodes 

Mobile Networks: Cell Sites and Associated Power Systems 

[bncjbǃt!npcjmf!ofuxpsl!gpsnt!uif!gpvoebujpo!pg!ejhjubm!dpoofdujwjuz-!tvqqpsujoh!fttfoujbm!wpjdf-!ebub-!
and financial services. As of Q2 2025, approximately 3,486 cell sites operate nationwide, with hybrid power 
systems (diesel, solar, battery) supplementing unreliable grid supply, especially in rural and peri-urban 
regions.  

Core Networks: Data Centres and Network Operation Centres (NOCs) 

[bncjbǃt!dpsf!ofuxpsl!gbdjmjujft!tvqqpsu!ejhjubm!hpwfsonfou!pqfsbujpot-!cboljoh-!ufmfdpnnvojdbujpot-!
and cloud computing. The National Data Centre in Lusaka managed by Smart Zambia Institute is the 
dpvouszǃt!dfousbm!ebub!ivc-!dpnqmfnfoufe!cz!tnbmmfs!hpwfsoment and private facilities in Lusaka and , 
Kitwe. These installations underpin e-governance, digital payments, and cloud-based applications 
envisioned under the National e-Government Plan. 
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Figure 26: Locations of ICT data centres across Zambia 

Transmission and Backhaul System: Fiber-Optic Cables  

[bncjbǃt!dpoofdujwjuz!cbdlcpof!dpotjtut!pg!uif![bncjb!Gjcsf-Optic Backbone Network (ZAMNET, 
ZESCO, and private carriers), interconnected with regional networks through Tanzania (MbeyaƿDar es 
Salaam) and southern routes to Namibia and Botswana. 

 

Figure 27: Map of Fibre and Broadband Coverage in Zambia (Source: National Electronic Government Plan, 2023ǀ
2026) 
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Transboundary Dependencies and Systemic Vulnerabilities via Tanzania 

[bncjbǃt!JDU!tztufn!sfmjft!po!Ubo{bojbo!jogsbtusvduvsf!gps!joufsobujpobm!ebub!usbotnjttjpo/!Uif!Ncfzbƿ
IringaƿMorogoroƿDar es Salaam terrestrial fibre corridor and coastal submarine landing stations 
)TFBDPN-! FBTTz-! XJPDD*! tfswf! bt! [bncjbǃt! qsjnbsz! joufsobujpobm! cboexjeui! hbufxbz/ Climate 
ejtsvqujpot!bmpoh!uiftf!dpssjepst!dbo!dsfbuf!dbtdbejoh!jnqbdut!uispvhipvu![bncjbǃt!JDU!fdptztufn-!
affecting both domestic and international connectivity. 

Table 7: ZambiaǀTanzania Transboundary ICT Dependency Pathway and Climate Hazard Exposure 

 

Table 8 below summarizes the climate hazard sensitivities associated with each node 

Table 8: Zambia ICT infrastructure overview and climate sensitivity 

System Node Hazards Sensitivity 

Mobile 
Network 

Cell sites 
(towers, base 
station, power 
systems) 
(~3,486) 

Extreme temperature Exposure to extreme heat will reduce cooling 
efficiency, shorten battery and antenna 
lifespan, and increase operational and 
maintenance costs.  
 
Prolonged exposure to heat may degrade 
electronic components, leading to signal loss 
or tower shutdowns. 

Flooding  Flooding can result in inundation and 
destruction of infrastructure and equipment 
located on the ground. 

Intense Rainfall Increased frequency of intense rainfall will 
heighten the risk of site inundation, soil 
erosion, and access disruption. Poor drainage 
and inundated soils can disrupt power supply 
and access for maintenance Towers located in 
floodplains or on poorly drained terrain are 
particularly exposed.  

Extreme wind More frequent convective storms could 
damage antennas, increase tower collapse 
risks, and induce power surges in rural 
installations. 

  Drought Hydropower variability due to droughts or low 
reservoir levels,  a recurrent issue in Zambia 
can destabilise grid supply and increase 
reliance on diesel or solar backup systems, 
raising costs and emissions. 
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Core Network 7 Data Centres 
(6 Lusaka, and 
1 Kitwe) 

Chronic exposure to 
extreme heat  

Data centres are temperature-sensitive; even 
small deviations in ambient conditions can 
lead to overheating Chronic exposure to 
extreme temperatures will elevate HVAC and 
cooling energy demand and and equipment 
stress, threatening HVAC performance, 
particularly in Lusaka the urban heat island 
effect are pronounced. Energy consumption 
for cooling could increase by 15ƿ25%. 

  Extreme rainfall Increased frequency of intense rainfall (1-day 
anomalies up to +60ƿ70 mm) will heighten the 
risk of site inundation, soil erosion, and access 
disruption. Towers located in floodplains or on 
poorly drained terrain are particularly exposed. 

  Drought [bncjbǃt! hsje! efqfoet! ifbwjmz! )Ǳ91&*! po!
hydropower, making it highly sensitive to 
drought conditions. Power instability threatens 
uptime and can cause hardware failures or 
data loss 

Transmission 
& Backhaul 
Systems 

Terrestrial fibre 
cable  
(~12000km) 

Riverine flooding Intense rainfall and riverine flooding can erode 
or expose buried fibre conduits especially in 
floodplains and at river crossings, leading to 
fibre exposure, physical damage and service 
interruptions. 

  Extreme rainfall Increased rainfall variability and land 
degradation may trigger slope failures along 
fibre corridors, particularly in northern and 
eastern highland routes. 

  Drought High surface temperatures and desiccation 
may cause ground shrinkage and conduit 
deformation, stressing buried cables. 
 
Transmission nodes rely on stable power; 
hydropower deficits and voltage fluctuations 
due to drought can interrupt optical amplifier 
systems or data relays. 

Energy 

Fofshz!jogsbtusvduvsf!qmbzt!b!gpvoebujpobm!spmf!jo![bncjbǃt!tpdjp-economic development, underpinning 
industrial productivity, household welfare, and regional trade. As presented in, tif!dpvouszǃt!fmfdusjdjuz!
consumption patterns are heavily influenced by its industrial base,  particularly the mining sector, which 
remains the largest consumer of grid electricity. In the first half of 2025, mining activities accounted for 
approximately 64% of total electricity usage, followed by residential services at 19%, and manufacturing 
at just 1.5% (Zambia Energy Regulation Board, 2025). This distribution reflects the dominance of 
fyusbdujwf!joevtusjft!jo![bncjbǃt!fofshz!efnboe!qspgjmf!boe!ijhimjhiut!uif!sfmbujwfmz!mjnjufe!fmfdusjgjdbujpo!
of other productive sectors. 

Table 9: Electricity consumption (GwHrs) in Zambia by sector for the first 6 months of 2025 (Zambia Energy 
Regulation Board 2025) 

Sector Jan Feb Mar Apr May Jun Total 

Others 1.56 1.85 2.21 0.95 1.79 1.84 10.20 

Agriculture 9.11 8.60 13.51 15.89 26.11 24.80 98.02 

Mining 12.09 5.42 5.17 3.70 4.43 7.45 38.26 

Manufacturing 21.20 19.17 20.77 12.57 23.58 22.42 119.71 

Energy and Water 5.93 3.71 5.75 6.27 5.85 6.19 33.71 
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Construction 0.39 0.49 0.43 0.54 0.64 0.64 3.13 

Trade 105.80 6.24 6.45 6.14 6.19 5.71 136.54 

Transport 2.26 2.45 3.22 2.63 2.80 2.56 15.02 

Finance and Property 159.33 59.66 54.92 59.65 59.55 64.31 457.42 

Residential Services 239.23 246.85 255.59 257.16 277.34 274.62 1,550.79 

Power Supply 

Agreements 

43.35 43.29 47.76 58.12 92.73 107.46 392.71 

Mines Total 772.58 683.42 831.08 960.19 929.17 853.52 5,029.96 

Total (National 

Demand less losses) 

1,372.82 1,081.14 1,245.97 1,383.81 1,430.17 1,371.53 7,885.45 

Gps!bobmzujdbm!dmbsjuz-!uijt!sfqpsu!ejwjeft![bncjbǃt!fofshz!tfdups!joup!uxp!ejtujodu!dpnqpofout;!fofshz!
generation and the transmission and distribution of electricity. This separation reflects the differing 
infrastructure elements and vulnerability profiles associated with each system. Generation facilities face 
hazards related to resource availability and technology type, while transmission and distribution networks 
are exposed to geographically dispersed risks such as extreme weather, fire, and mechanical failure. 
Assessing these subsystems independently allows for a more targeted evaluation of climate sensitivities 
and resilience strategies. 

Generation 

[bncjbǃt! fofshz!hfofsbujpo!qpsugpmjp!jt!qsfepnjoboumz!sfmjbou!po!izespqpxfs-!xijdi!bddpvout!gps!
bqqspyjnbufmz!8:/5&!pg!uif!dpvouszǃt!upubm!jotubmmfe!hsje!dbqbdjuz!pg!4-:96/97!NX (see Table 10), as 
reported by the Zambia Energy Regulation Board (Zambia Energy Regulation Board, 2025). This 
dependence has historically provided a low-cost and renewable source of electricity, however, it also 
renders the energy sector highly vulnerable to climatic variability, particularly droughts. Extended dry 
spells in the Zambezi and Kafue River catchments have repeatedly led to reduced reservoir levels, 
resulting in diminished hydropower output and widespread electricity shortages. While hydropower 
remains the dominant generation source, the energy mix includes smaller contributions from solar (7.1%) 
and thermal technologies including coal (8.3%) and diesel (5.1%), which together form a significant but 
still limited 20.5% of total capacity. Off-grid contributions are negligible, with hydropower, solar, and diesel 
collectively accounting for less than 0.2% of the national total. This composition underscores the urgent 
need for diversification to enhance resilience against hydrological shocks and ensure long-term energy 
security. 

Table 10: Summary of generating technologies used in the Zambian national grid and associated installed capacity 
(Zambia Energy Regulation Board 2025) 

Generation Type Installed Capacity (MW) Percentage of Total (%) 

Hydropower (Grid) 3,162.8 79.4% 

Solar (Grid) 283.0 7.1% 

Thermal ƿ Coal 330.0 8.3% 

Thermal ƿ Diesel 203.8 5.1% 

Hydropower (Off-grid) 1.34 0.0% 

Solar (Off-grid) 0.12 0.0% 

Thermal ƿ Diesel (Off-grid) 4.8 0.1% 

Total 3,985.86 100% 

In recent years, Zambia has experienced intensified load shedding, with some urban areas facing 
blackouts lasting up to 20 hours per day. The primary drivers of this crisis include: 

¶ Prolonged droughts that have drastically lowered water levels at major hydropower stations. 

¶ Delayed maintenance and aging infrastructure, which reduce operational efficiency and reliability. 

¶ Limited diversification in generation technologies, with solar, coal, and diesel making up only 
20.6% of total installed capacity. 
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¶ Rapid demand growth, especially in urban and industrial zones, outpacing generation and 
transmission expansion. 

The impact of load shedding has been severe for small and medium enterprises (SMEs), which make up 
97% of all firms in Zambia and contribute 70% of GDP. These businesses have faced operational 
disruptions, revenue losses, and reduced productivity due to unreliable power supply. The broader 
economic consequences include slowed industrial output, constrained investment, and increased 
reliance on backup diesel generators, which carry environmental and financial costs. 

In response to the shortages in generation, the Zambian national power utility ZESCO has signed new 
power purchase agreements with a variety of providers for the acquisition of 3226 MW of new power 
capacity (Table 11). These agreements are dominated by solar power (57%) and Waste to energy or Green 
energy projects (24%). If fully implemented, these additions to the national mix will bring the total grid 
installed capacity to around 6 437 MW and will provide a more balanced mix across a range of 
technologies. 

Table 11: Summary of generation types included in recently signed power purchase agreements and their associated 
agreed capacities (ZERB 2025) 

Generation Type Contracted Capacity (MW) Percentage of Total (%) 

Hydro 12.00 0.37% 

Solar 1,839.06 57.01% 

Coal 600.00 18.60% 

Waste to Energy / Green Energy 775.00 24.02% 

Total 3,226.06 100.00% 

 

Key nodes and sensitivities 

[bncjbǃt!fofshz!hfofsbujpo!tztufn!dpnqsjtft!ejtujodu!jogsbtusvduvsf!opeft-!fbdi!fyijcjujoh!wbszjoh!
degrees of sensitivity to climate-related hazards. These nodes span across hydropower, solar, coal, and 
diesel-based systems, with hydropower being the most dominant and climate-sensitive.  

Table 12 below summarizes the hazard sensitivities associated with each generation node. 

Table 12:  Node-specific hazard sensitivity for Energy Generation 

Node Hazard Sensitivity Description 

Hydropower 
stations 

Drought Reduced river inflows lower reservoir levels, severely limiting 
generation capacity and triggering load shedding. 

 
Floods Excessive rainfall may cause dam overtopping or structural 

stress, risking equipment damage and downstream flooding. 
 

Sedimentation Increased runoff during storms accelerates sediment 
buildup, reducing reservoir storage and turbine efficiency. 

 
Extreme 
temperatures 

High temperatures may affect water evaporation rates and 
reduce cooling efficiency for auxiliary systems. 

Solar PV farms Extreme 
temperatures 

Excessive heat can reduce photovoltaic efficiency and 
accelerate panel degradation. 

 
Dust storms / wind 
erosion 

Dust accumulation on panels lowers energy output; strong 
winds may damage mounting structures. 

 
Hailstorms Physical damage to panels and inverters can result in costly 

repairs and downtime. 
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Coal-fired 
plants 

Floods Flooding can damage fuel storage areas, electrical systems, 
and access roads, disrupting operations. 

 
Drought Water scarcity may impair cooling systems, reducing plant 

efficiency and forcing shutdowns. 
 

Extreme 
temperatures 

High ambient temperatures can reduce thermal efficiency 
and increase wear on mechanical components. 

Diesel 
generators 

Floods Floodwaters can submerge generator units, causing 
electrical faults and fuel contamination. 

 
Heatwaves Elevated temperatures increase risk of overheating and 

reduce operational lifespan. 
 

Fuel supply 
disruption 

Climate-induced transport interruptions can delay fuel 
delivery, especially in remote areas. 

 

Transmission and Distribution 

Fmfdusjdjuz!usbotnjttjpo!boe!ejtusjcvujpo!bsf!dsjujdbm!dpnqpofout!pg![bncjbǃt!qpxfs!tfdups-!gbdjmjubujoh!uif!
delivery of generated electricity from central power stations to end-users across the country. 
Transmission refers to the high-voltage transfer of electricity over long distances (as presented in Figure 
28), typically from generation sites to regional substations, while distribution involves the lower-voltage 
delivery from substations to residential, commercial, and industrial consumers. In Zambia, the 
transmission network operates primarily at voltages of 330 kV, 220 kV, and 66 kV, and is managed by the 
national utility, ZESCO Limited. ZESCO is also responsible for the majority of the distribution 
infrastructure, which spans urban, peri-urban, and rural areas and operates at voltages ranging from 33 
kV down to 400 V. The transmission system is interconnected with neighboring countries through 
regional power pools, enhancing cross-border electricity trade and grid stability. Despite these capabilities, 
[bncjbǃt!usbotnjttjpo!boe!ejtusjcvujpo!ofuxpslt!gbdf!dibmmenges including aging infrastructure, limited 
coverage in remote areas. 
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Figure 28: Hydropower stations and the modelled locations of national grid power transmission lines (World Bank 
Group Data catalogue) 

Key nodes and sensitivities 

[bncjbǃt!fmfdusjdjuz!ejtusjcvujpo!ofuxpsl!dpnqsjtft!tfwfsbm!dsjujdbm!jogsbtusvduvsf!opeft-!fbdi!xjui!ejtujodu!
sensitivities to climate-related hazards. These nodes span urban, peri-urban, and rural contexts and 
include substations, transmission lines, distribution transformers, and low-voltage networks. The 
vulnerability of these components varies depending on geographic location, design standards, and 
exposure to extreme weather events. Table 13 summarizes the climate hazard sensitivities associated 
with each distribution node. 

Table 13:  Node-specific hazard sensitivity for Energy Transmission and Distribution 

Node Hazard Sensitivity Description 

Substations Floods Flooding can submerge electrical equipment, 
causing short circuits, insulation failure, and 
prolonged outages. 

 
Extreme temperatures High ambient temperatures may reduce cooling 

efficiency, leading to overheating and equipment 
degradation. 

 
Extreme precipitation as a 
proxy for storms  / 
Lightning 

Direct strikes or surges can damage switchgear and 
transformers, requiring costly repairs. 

Transmission 
lines 

High winds  Strong winds may cause line sway, conductor 
clashing, or pole collapse, disrupting power flow. 
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Extreme precipitation as a 
proxy for storms  / 
Lightning 

Lightning strikes can induce voltage surges, 
damaging insulators and conductors. 

 
Wildfires Fires near transmission corridors can damage 

towers and conductors, leading to extended 
outages. 

Distribution 
transformers  

Floods Water ingress can compromise insulation and 
cooling oil, leading to transformer failure. 

 
Extreme temperatures Elevated temperatures increase thermal stress, 

reducing transformer lifespan and efficiency. 

Low-voltage 
networks 

Floods Inundation of underground cables and surface-
mounted components can cause corrosion and 
short circuits. 

 
Drought Ground movement associated with desiccation of 

soils may sever buried cables or destabilize poles, 
leading to localized outages. 

 
Vegetation overgrowth Increased rainfall can accelerate vegetation growth, 

causing contact with overhead lines and faults. 

 Manufacturing 

Xjuijo![bncjbǃt!nbovgbduvsjoh!tfdups-!b!qsfmjnjobsz!nbufsjbmjuz!bttfttnfou!cbtfe!po!fbdi!tvc-tfdupsǃt!
percentage contribution to GDP and exports highlights two groups of value chains that warrant particular 
attention, including 1) food, beverage and tobacco sector and 2) the non-metal and mineral production 
sectors. Uphfuifs-!uiftf!tvctfdupst!gpsn!uif!cbdlcpof!pg![bncjbǃt!epnftujd!nbovgbduvsjoh!dbqbdjuz-!
influencing national food security, employment, and infrastructure development. The non-metal 
processing category, in particular, encompasses the production of construction materials, industrial 
chemicals, and other goods derived from non-metallic minerals,  activities that are deeply interconnected 
with infrastructure expansion and economic resilience. 

 

Figure 29: Summary of Manufacturing Value Chains and significance to GDP 
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The following subsections outline the primary climate impact pathways affecting these sectors, with 
potential response options discussed further in Section 5. 

Food Processing and Beverage Manufacturing  

As is the case across all four of the countries in this study the processing of food products plays a core 
role in building resilience via its contribution to  food security, nutrition and employment. The processing 
of food products into tradable goods for domestic consumption plays an important role in maintaining 
societal resilience via food security, nutrition and employment.  

In Zambia given significant spoilage of raw agricultural commodities of up to 50% in some value chains 
(Africa Project, 2025) creating shelf-stable products plays an important role in stabilizing food chains 
when extreme weather events strike. It also enables geographic and temporal flexibility, buffering against 
local crop failures by transporting processed goods from resilient zones to vulnerable ones. 

Zambia has placed emphasis on food processing for export, with significant roles for confectionary,  
particularly sugar processing and export of semi-processed goods like macadamia nuts. The latter being 
concentrated spatially in the Southern Province, around Mazabuka and Nakambala. This makes the 
sector vulnerable to wider agricultural supply chain climate risks but also presents opportunities for 
adaptation investments.  

Other significant value chains, in terms of total volume and value of output in Zambia include: 

¶ Maize and Cassava processing  

¶ Cattle and Poultry processing 

¶ Soya beans, oil and meal processing  

¶ Beverage production  

Main pathways through which climate impacts manufacturing 

Manufacturing in Zambia faces growing exposure to a range of climate stressors, most notably droughts, 
fyusfnf!ufnqfsbuvsft-!boe!gmppejoh/!Uiftf!ib{bset!joufsbdu!xjui!uif!dpvouszǃt!ifbwz!sfmjbodf!po!
hydropower, limited water infrastructure, and agricultural-based supply chains to create multiple channels 
of vulnerability. The following notes are made with regards to the manufacturing industry and sensitivities 
to climate hazards:  

The relationship between drought, hydropower output and manufacturing performance in Zambia is clear 
and the direct impact on GDP being pronounced, with secondary impacts on jobs incomes and wider 
adaptive capacity. In 2004 The Zambia Association of Manufacturers (ZAM) identified the ongoing 8-hour 
outages that racked the country as costing firms ~30% of production output. In the same year Standard 
and Poor reported the sharpest private-sector downturn since Aug 2020, explicitly citing load shedding 
and severe power cuts restricting operations in manufacturing.  

The key risk pathway for drought to impact the sub-sector is through restrictions in water available for 
critical operations like food cleaning and processing and the washing of equipment. Moreover, drought 
can elevate input costs like water and energy, reducing profit margins for food and beverage 
manufacturers.  

Heat is an important environmental and occupational health hazard and evidence suggests that globally 
worker productivity drops by 2ƿ3% for every degree above 20°C. Response options to manage heat are 
particularly relevant where they prevent >30 degree wet-bulb globe temperatures (WBGT) at conditions 
are considered high risk or very high risk, according to organisations like the ILO and WHO (WHO, 2024). 

Manufacturing in Zambia will be impacted by increased temperature extremes, drought and flooding.  

The impact of drought may also impact the availability of water in value chains that are water intensive, 
such as sugar production. Of course drought will also impact food processing directly through 
imperilling agri-food system supply chains and is a major source of vulnerability upstream of 
processing. 

Workforce heat management is also an important climate risk for manufacturers in Zambia.  
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While there is limited direct evidence of flood risk impacting manufacturing sites flooding is expected to 
increase across the country, potentially impacting manufacturing sites and necessitating response 
options to prevent impacts on supply chain consistency, workforce mobility and direct physical risks to 
sites which could cause shutdowns or reduce output.  

Extreme temperature poses multiple risk pathways in food processing, impacting food safety and quality. 
High temperatures can cause incomplete inactivation of pathogens, leading to microbial contamination 
and foodborne illnesses such as listeria and salmonella. Over-processing or excessive heat can degrade 
nutrients and produce toxic compounds like acrylamide. Temperature fluctuations during storage and 
transportation promote pathogen growth, especially in high-risk foods like ready-to-eat meats and dairy. 
Additionally, improper temperature control in cooking can allow bacteria to survive and multiply, 
increasing health risks for vulnerable populations. 

Non-metal and mineral production sectors  

[bncjbǃt!opo-metal and mineral-based manufacturing industry encompasses a broad range of activities 
uibu!bsf!dfousbm!up!uif!dpvouszǃt!joevtusjbm!hspxui!boe!jogsbtusvduvsf!efwfmpqnfou/!Uif!tfdups!jodmveft!uif!
production of cement and other building materials, which underpin the construction industry, as well as 
the manufacture of glass, ceramics, and lime, all of which are essential for both domestic and industrial 
applications. It also comprises the production of industrial chemicals used across manufacturing and 
agricultural processes, together with the formulation of fertilizers and other mineral-derived products that 
enhance agricultural productivity. Collectively, these industries provide the critical inputs required for 
housing, public works, and industsjbm!fyqbotjpo-!qptjujpojoh!uif!tfdups!bt!b!lfz!esjwfs!pg![bncjbǃt!
economic resilience and an enabler of reconstruction following extreme weather events. 

Cement production, in particular, plays a leading role within this subsector, with domestic output 
exceeding 2 million metric tonnes per year. Continued growth in infrastructure investment, such as the 
LusakaƿNdola dual carriageway and the expansion of the Chilanga Cement factory (Zambian Times, 
2025), ibt!tvtubjofe!spcvtu!efnboe!boe!sfjogpsdfe!uif!tfdupsǃt!tusbufhjd!jnqpsubodf!up!obujpobm!
efwfmpqnfou/!Ipxfwfs-!uif!joevtuszǃt!efqfoefodf!po!tubcmf!fofshz!tvqqmz-!xbufs!bwbjmbcjmjuz-!boe!sfmjbcmf!
transport infrastructure also exposes it to significant climate-related risks that can disrupt operations and 
slow economic progress. Lfz!dmjnbuf!jnqbdu!qbuixbzt!bggfdujoh![bncjbǃt!opo-metal and mineral 
manufacturing sector include: 

¶ Energy Supply Disruptions: The sector is highly energy-dependent, and drought-induced 
reductions in hydropower output can directly constrain production capacity, increase operational 
costs, and delay construction timelines. 

¶ Water and Raw Material Availability: Water is critical for processes such as cooling, mixing, and 
dust suppression in cement and ceramics manufacturing. Droughts and rising evaporation rates 
intensify water scarcity, heightening competition between industrial, agricultural, and municipal 
users. 

¶ Supply Chain and Logistics Risks: Extreme weather events, including floods and heatwaves, can 
impede the transport of key inputs such as limestone and clinker, or damage roads and rail 
networks that are essential for distributing finished products. 

¶ Temperature and Equipment Stress: Elevated ambient temperatures can affect kiln performance, 
alter chemical processing reactions, and accelerate equipment wear and tear, resulting in 
increased maintenance costs and potential production inefficiencies. 

¶ Flood Exposure: Flooding can damage production facilities, stockpiles, and storage areas located 
in low-lying zones, highlighting the need for improved site drainage, elevation, and risk-sensitive 
facility planning. 
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RISK PATHWAY ANALYSIS  
Building on the critical nodes identified, this chapter examines how climate change impacts propagate 
bdsptt! [bncjbǃt! JFN! tztufnt/! Lfz! opeft, such as transport links, hydropower reservoirs, water 
treatment facilities, and urban housing, represent points of heightened vulnerability. Disruptions at these 
nodes often cascade through interconnected systems, with a single hazard, such as drought or extreme 
precipitation, simultaneously affecting energy generation, water supply, transport, and industrial 
operations. These cascading and cross-sectoral impacts can reduce economic output, delay 
infrastructure projects, and constrain essential services, highlighting the importance of system-wide risk 
assessment to inform investment and adaptation strategies. The following sections provide a detailed 
analysis of these risk pathways, illustrating how climate hazards propagate across the IEM sectors and 
identifying key vulnerabilities relevant for investment and adaptation planning. 

As a means of concisely illustrating the distribution of sensitivity for each system that was assessed in in 
Section 3, a sensitivity tdpsjoh!ǂifbu!nbqǃ is presented here for each system (see Table 14 as an example). 
In generating this heat map, each hazard was considered as a mild event (Mi), a moderate event (Mo) and 
a severe event (Se) and the sensitivity of the node to each of these categories was scored as low 
sensitivity (1) moderate sensitivity (2) or high sensitivity (3). Note that this scoring is not based on whether 
it is likely the node would be exposed to the hazard or not cvu!btlt!uif!rvftujpo!ǆǇJg!uijt!opef!were to be 
fyqptfe!up!uijt!ib{bse-!ipx!tfotjujwf!xpvme!ju!cf@Ǉ. In addition to specific hazards, a broad classification 
is presented of the vulnerability of the node derived from vulnerabilities cascading down from other 
sectors (In-Infrastructure, En-Energy, Ma-Manufacturing and Ag-Agriculture). For example, several ICT 
Telecom nodes are vulnerable to drought impacts on hydropower generation in the energy sector. These 
cross-cutting vulnerabilities and are important considerations in this risk assessment. This semi-
quantitative exercise presents a visual depiction of which are the key vulnerabilities to address in the risk 
pathway analysis. 

Infrastructure  

Transport ҭ Roads 

An assessment was undertaken to determine the sensitivities of the various nodes within the national 
road transport infrastructure system to climate-related hazards. These nodes correspond to specific 
dpnqpofout!boe!tfdupst!pg!uif!dpvouszǃt!spbe!usbotqpsu!ofuxpsl-!sbuifs!uibo!sfqsftfoujoh!b!cspbefs!
regional or international scale. The detailed results of this qualitative assessment are presented in Section 
3 of this report, with the scoring summarised in Table 14. The distribution of node sensitivities shows that 
flooding, intense precipitation, and extreme temperatures pose the greatest risks to road transport 
infrastructure in the country. Accordingly, the sections that follow focus on these key climate hazards. 

Table 14: Road transport node sensitivities to climate related hazards 

 

Fluvial flooding 

Riverine (fluvial) flooding poses significant risks to road infrastructure, affecting not only the carriageway 
but also associated systems such as stormwater drainage, pavements, signage, and signalling. Although 
road construction practices typically aim to avoid flood-prone areas, understanding the actual risk to 
[bncjbǃt!spbe!ofuxpsl!sfrvjsft!tqbujbm!bobmztjt/!Up!uijt!foe-!uif!upubm!fyufou!pg![bncjbǃt!spbe!ofuxpsl!
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(across all classes) was intersected with both the baseline 1-in-50-year flood extent (water depths >0.5 
m) and the projected 2040ƿ2060 1-in-50-year flood extent (also >0.5 m). This analysis identified areas 
where flooding is likely to affect roads and quantified potential changes in exposure attributable to climate 
change (Figure 30). The corresponding numerical results are provided in  

Table 15, showing baseline vs projected kilometres located in 1:50 year flood areas, as well as the 
difference between the two. 

Overall, the results indicate low exposure across all classified roads, with less than 650 km of surfaced 
roads exposed to floodwaters exceeding 0.5 m in depth during a 1-in-50-year event. This excludes the 
ǆusbdltǇ!spbe!dmbtt-!xifsf!bqqspyjnbufmz!5-411!ln are exposed, an important finding given that these 
routes often provide critical rural connectivity. 

Exposure among trunk roads is minimal, totalling around 10 km nationwide. Of this, roughly 3.5 km are 
associated with large, engineered bridge crossings, such as Sioma, Katima Mulilo, Kazungula, and 
Chirundu, spanning the Zambezi River. These structures are elevated above flood levels, though their 
adjoining approach roads remain vulnerable to inundation when rivers exceed their banks. 

The highest exposure occurs in the tertiary road class, which largely comprises unpaved sand or gravel 
surfaces. These roads are particularly susceptible to flood damage through erosion and saturation. When 
floodwaters infiltrate the gravel and underlying soils, their structural integrity diminishes as strength and 
cohesion are lost. This results in subgrade softening, instability, and reduced load-bearing capacity. 
Hydraulic forces can wash away binding materials, causing rutting, potholes, or even complete washouts 
where the surface and subgrade are eroded away. Once waterlogged, these roads become impassable 
due to deformation and loss of support. 

While tertiary roads provide essential local connectivity, they hold limited strategic importance and are 
unlikely to attract private sector investment for flood resilience improvements. 
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Figure 30: Distribution of road exposure to baseline and projected river flooding depths of > 0.5m in Zambia 

Table 15: Length of different road classes (in kilometres) located within the 1:50 year flood areas for the baseline and 
projected periods broken down by Province 
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Pluvial flooding (intense precipitation) risk pathways 

Of all the road system nodes, pluvial flooding caused by intense precipitation will impact unsealed (gravel) 
roads most significantly. This will happen primarily through erosion, rutting, and subgrade weakening. 
When heavy rainfall falls on gravel surfaces, water infiltrates the gravel and underlying subgrade, softening 
the soil and reducing its load-bearing capacity. This often leads to the formation of ruts and potholes as 
vehicles deform the softened surface. Runoff from precipitation can wash away the gravel, causing loss 
of the protective gravel layer and exposing unstable subsoil.  

Additionally, poor drainage exacerbates these effects by allowing water to accumulate, leading to 
saturation and increased erosion along the road surface and shoulders. The combined effect is a rapidly 
deteriorating road condition marked by rough, uneven surfaces that increase maintenance needs and 
reduce road usability. Engineering solutions such as adequate gravel depth, proper compaction, drainage 
structures such as culverts, and use of geotextile reinforcement can mitigate these impacts, however, 
heavy precipitation remains a primary cause of gravel road degradation 

Whilst unsealed roads are not necessarily strategic roads and impacts to them do not necessarily mean 
tjhojgjdbou!jnqbdut!up![bncjbǃt!fdpopmy, they are important local connecting routes and loss of local 
connectivity can negatively impact local service delivery, local trade and movement of people resulting in 

Road type 1996 2050 Diff 1996 2050 Diff 1996 2050 Diff
trunk 0.0 3.1 3.0 -0.1 2.2 2.0 -0.2
primary 0.9 2.1 1.2 4.3 5.1 0.8 3.3 11.9 8.6
secondary 4.3 4.3 0.0 2.5 3.0 0.5 2.7 2.3 -0.4
tertiary 10.3 11.5 1.2 13.4 17.1 3.8 46.6 51.0 4.4
residential 0.6 1.0 0.4 9.1 8.6 -0.5 4.7 5.8 1.1
service 1.5 1.6 0.0 3.8 4.1 0.3 17.4 14.7 -2.7
track 27.9 38.4 10.4 411.1 458.9 47.7 433.4 505.2 71.8
Grand Total 45.5 58.8 13.3 447.2 499.9 52.6 510.3 592.9 82.6

North-Western SouthernNorthern

Road type 1996 2050 Diff 1996 2050 Diff 1996 2050 Diff
trunk 0.0 1.3 1.7 0.4 0.3 0.2 -0.01
primary 8.5 9.7 1.2 0.1 0.4 0.3 3.3 3.3 0.0
secondary 2.3 1.1 -1.2 37.2 41.7 4.5 1.3 0.9 -0.4
tertiary 11.4 14.4 3.0 5.1 5.4 0.3 5.7 7.9 2.2
residential 2.7 3.8 1.1 19.1 19.3 0.2 0.6 1.3 0.7
service 0.5 0.7 0.2 3.3 2.1 -1.1 8.3 10.3 2.0
track 11.0 17.5 6.5 186.4 174.5 -12.0 572.4 704.4 132.1
Grand Total 36.5 47.2 10.7 252.5 245.1 -7.5 591.9 728.4 136.5

Luapula Lusaka Muchinga

Road type 1996 2050 Diff 1996 2050 Diff 1996 2050 Diff
trunk 0.6 0.5 -0.1 1.9 2.0 0.1 0.9 0.9 0.0
primary 7.6 8.6 1.0 0.7 1.0 0.2 0.1 0.1 0.0
secondary 0.0 0.3 0.3 0.1 15.6 23.3 7.7
tertiary 15.3 25.4 10.1 3.7 5.7 2.0 84.4 117.7 33.3
residential 1.9 2.1 0.1 1.8 3.2 1.4 9.6 15.2 5.7
service 5.6 6.4 0.8 3.6 5.0 1.4 15.1 19.5 4.4
track 644.8 735.2 90.4 38.2 53.9 15.6 386.8 490.3 103.5
Grand Total 675.8 778.2 102.4 50.2 71.0 20.7 512.4 666.9 154.5

Central Copperbelt Eastern

Road type 1996 2050 Diff 1996 2050 Diff
trunk 0.0 10.2 10.3 0.1
primary 9.1 14.2 5.1 37.8 56.4 18.6
secondary 37.9 37.3 -0.6 104.0 114.1 10.2
tertiary 62.1 81.8 19.7 258.0 337.9 79.9
residential 4.5 6.3 1.8 54.7 66.6 11.9
service 0.0 0.1 0.1 59.1 64.5 5.4
track 1027.3 1116.7 89.4 3739.3 4294.8 555.5
Grand Total 1140.9 1256.5 115.6 4263.2 4944.8 681.5

Western Grand Total
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localised socio-economic impacts . These can ultimately have knock-on impacts with respect to 
productivity in the broader economy.  

The overlay of the road network and change in the magnitude and distribution of extreme precipitation 
(Figure 31) indicates that the greatest changes in risk to road transport are located in the Southern, 
Luapula and Eastern Provinces.  

 

 

Figure 31: Overlay of sensitive road infrastructure on the distribution of projected change in exposure to extreme 
rainfall 

Key insights: Key national and secondary roads intersect with areas projected to see >20% increases in 
nbyjnvn!ebjmz!sbjogbmm-!ijhimjhiujoh!uif!gsbhjmjuz!pg![bncjbǃt!usbotqpsu!ofuxpsl/!Uiftf!iputqput!bmjho!xjui!
major trade and logistics routes, amplifying economic disruption risks. 

Extreme temperatures 

The Zambian trunk road network is vitally important for the transportation of people and freight across 
Zambia. Heavy goods vehicles in particular are important to the Zambian economy and use these roads 
to transport goods to local markets and to export hubs. An important example is copper which is 
transported from the Copperbelt province across the country to border crossings with Mozambique, 
Zimbabwe and Botswana to ultimately reach ports in South Africa from where it is exported to markets 
around the world.  

Currently, there are no feasible alternatives to road for transporting goods to markets since the railway 
system is underdeveloped. Any impacts to the road network are thus important risks to the economy and 
the livelihoods of people and communities.  

Extreme temperatures (>35 degrees Celsius) can have significant impacts on asphalt roads in particular. 
At these ambient air temperatures, research shows that the asphalt surface temperature may reach 60 
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to 65°C due to solar radiation absorption (Nicholls, 2001). This elevated pavement temperature has the 
following technical impacts: 

¶ Softening and rutting: At surface temperatures of 60-65°C, the pavement is more susceptible to 
permanent deformation or rutting under traffic loads, especially in wheel paths, reducing the 
structural integrity over time. 

¶ Thermal expansion and cracking: Repeated daily cycles of heating and cooling induce thermal 
stresses which can cause micro-cracking. These can allow water ingress and deterioration. 

¶ Oxidative aging: Elevated surface temperatures makes the binder brittle, reducing flexibility and 
increasing susceptibility to cracks. 

¶ Reduced Fatigue Resistance: Aging plus daily thermal cycling cumulatively degrade the 
qbwfnfouǃt!gbujhvf!mjgf!bu!uiftf!fyusfnf!ufnqfsbuvsft/ 

¶ Surface Degradation: Solar insolation greater than ambient temperature catalyzes binder 
degradation and surface embrittlement. 

 

Extreme temperatures are therefore expected to degrade road surfaces and to result in the requirement 
for increased maintenance with associated costs and impacts to trade and the economy.  

Chronic exposure to extreme ambient temperatures can also result in impacts to bridges and other 
supporting road infrastructure. Large bridges in particular often contain metal components which expand 
and contract with fluctuating temperatures.  Over time with chronic exposure, this can result in metal 
fatigue and a risk of component failure. Increasing exposure to high maximum daily temperatures can 
therefore increase maintenance requirements and associated costs.  

The risk posed to the trunk road infrastructure by increasing exposure to extreme temperatures is 
illustrated in Figure 32 on the overleaf. 

Cross-cutting risks 

There are limited cross-cutting risks from the energy sector to road transport. The exception is the impact 
that any impacts to the energy sector may have on road signalling. With respect to the manufacturing 
sector, the vulnerability of the manufacturing processes for raw materials for roads such as cement will 
cascade down to increase risk associated with construction and maintenance activities. 

 

 

Figure 32: Overlay of sensitive road infrastructure on the distribution of exposure to extreme temperatures 
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Transport - Rail 

As described in Section 3 of this report, key rail nodal vulnerabilities exist with respect to hazards of 
flooding and extreme temperatures. This is illustrated in the rail transport nodal sensitivity heat map in 
Table 16. These climate hazards therefore form the focus of the risk pathway analysis.  

Table 16: Nodal sensitivity heat map for the Zambian rail transport system 

 

Flooding 

Whilst flood sensitivity of railway systems is high, analysis of the current Zambian railway network against 
baseline and projected 1:50 year flood extents (for depths greater than 0.5 m) shows that exposure of the 
network is very low with less than 30km exposed across the entire network (Table 17). Whilst it could be 
argued that a small break in the line would be sufficient to cripple the system, it is also recognised that 
small breaks are relatively easily repaired with limited financial risk. It is also noted that only 8% of freight 
is currently transported on the railway network, thus limiting the risk that flood damage to the railway 
network poses to the Zambian economy. 

 

Table 17: Extent of flood exposed railway under baseline and projected conditions 

Province Flood exposed length 
1996 ƿ 2005 

Flood exposed length 
2040 - 2060 

Central 4.0 4.5 

Copperbelt 5.6 6.1 

Lusaka 1.1 0.4 

Muchinga 4.6 4.6 

Northern 4.0 4.3 

Southern 6.8 8.3 

Grand Total 26.1 28.3 

 

Extreme temperature 

Rising temperatures and the increasing occurrence of heatwaves present a growing systemic risk to 
[bncjbǃt!sbjm!jogsbtusvduvsf/!Uif!jnqbdut!pg!uifsnbm!tusftt!bsf!nptu!qspopvodfe!bdsptt!usbdl!tztufnt-!
bridges, sidings, and stations, where material expansion, deformation, and heat-induced wear can affect 
both operational safety and service reliability. 

Rail steel expands as temperatures rise, creating compressive stresses that can lead to track buckling or 
misalignment, particularly on continuous welded rail (CWR) lines where expansion joints are absent. Even 
small deviations in alignment can reduce service speeds or necessitate line closures. The risk is elevated 
where ballast conditions are poor, or maintenance backlogs have weakened lateral restraint. Sustained 
exposure to high temperatures also accelerates rail fatigue, sleeper degradation, and ballast deterioration. 
Over time, these processes shorten the service life of the permanent way and increase maintenance 
costs. In extreme cases, derailment risk increases if rail warping occurs undetected. 

Sidings and yard area, often surfaced with compacted gravel or unreinforced concrete, are highly 
susceptible to thermal expansion and subgrade deformation. High ambient temperatures can cause 
softening of the ground and settlement under static loads, leading to track misalignment and difficulty in 
shunting operations. Prolonged heat exposure also affects mechanical components such as switch 
points, couplers, and braking systems, particularly where lubrication degrades at high temperatures. This 
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can impair operational safety and efficiency during hot periods. Stations and passenger service buildings 
are exposed to both thermal stress and increased cooling demand. High roof and surface temperatures 
can degrade materials such as asphalt, sealants, and roofing membranes, leading to cracking, roof leaks, 
and insulation failure. Thermal expansion of concrete platforms can also cause surface deformation or 
vertical misalignment, affecting passenger safety and train accessibility. Additionally, elevated 
temperatures in unventilated waiting areas can pose heat stress risks for passengers and staff. 

Bridges represent critical nodes within the rail system and are particularly vulnerable to thermal expansion 
and contraction. High temperatures cause elongation of steel members and expansion of bearings and 
joints, which, if not adequately accommodated, can result in binding, deck misalignment, or joint failure. 
Concrete bridge decks may also experience thermal cracking or spalling, especially where daily 
temperature fluctuations are large. Over time, these processes reduce structural integrity and increase 
maintenance frequency. 

 

Figure 33: Overlay of rail infrastructure on the distribution of exposure to extreme temperatures 

Cross-cutting impacts 

As with road transport, the only cross-cutting risk that is likely to significantly impact the operation of the 
rail network is that of energy, whereby, interruptions in electricity supply will result in the suspension of 
rail services due to the lack of signalling.  

Affordable and social housing 

As described in Section 3, key housing related nodal vulnerabilities exist with respect to hazards of 
flooding and extreme temperatures. This is illustrated in the nodal sensitivity heat map in  

 

 

 

Table 18, and are further explored in the sections that follow.  
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Table 18: Nodal sensitivity heat map for the Zambian social infrastructure ƿ affordable housing system 

 

Flooding 

Whilst sensitivity to flooding is very high in all nodes of housing developments, spatial analysis shows 
that the exposure of built-up areas to floods, during a 1:50 year flood event, is relatively low. In major urban 
centres (Lusaka, Livingstone, Kitwe and Ndola), only 141Ha along the Kafue River in Kitwe is shown to be 
exposed under projected 2050 conditions.  

Although this analysis suggests that flood exposure, and thus risk, is relatively low, it is acknowledged 
that exposure to flooding is a difficult hazard to assess at a regional scale, given that fine-scale flood data 
is not available at a national scale and so flood areas associated with smaller watercourses are not well 
represented (Figure 34). Scale is important because the difference between severe flood damage and 
jogsbtusvduvsf!cfjoh!ǂijhi!boe!eszǃ!dbo!cf!b!gfx!mbufsbm!nfusft/! Given 1) the high sensitivity of all housing 
infrastructure and 2) the propensity of low-income housing to be positioned on flood prone areas and 3) 
the increase in maximum daily rainfall (see section that follows) across Zambia, there is a high likelihood 
that low-income housing is potentially far more exposed than the national scale flood analysis suggests. 
Flooding risk to affordable and social housing is therefore still an important factor to consider in 
addressing climate resilience in the infrastructure sector. 
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Figure 34: Example of high-density housing within close proximity to watercourses in Lusaka which are not reflected 
in national scale flood extent data (Image credit: Bing) 

Heat and extreme precipitation impacts on construction. 

Housing construction is an activity that is highly subject to weather conditions. Extreme heat is likely to 
result in construction delays due to a reduction in worker productivity whereby work is suspended or 
significantly slowed down by temperatures over 350C. Areas in the Zambezi and Luangwa valley are likely 
to be particularly heavily impacted under projected climatic conditions (2040 ƿ 2060) as areas with up to 
60 additional days with temperatures exceeding this level are concentrated in these lower lying areas.   

Construction activities are also likely to be constrained by heavy rainfall as building sites become 
inaccessible by heavy machinery for periods, and activities which require dry conditions such as 
foundation work and concrete pouring delayed. All major urban centres are projected to see an increase 
in the maximum daily rainfall (Table 19). 

Table 19: Projected (2040 ƿ 2060) increase in maximum daily rainfall from baseline conditions (1996 ƿ 2005) across 
the major urban centres of Zambia 

Urban area Projected increase in max daily rainfall (%) 

Kasama 10.05 

Kitwe 2.36 

Ndola 6.40 

Lusaka 7.50 

Livingstone 14.69 

 

Cross-cutting impacts 

Housing development is subject to significant risk stemming from cross-cutting vulnerabilities associated 
with other sectors. These include vulnerabilities of the road and rail infrastructure on which the 
transportation of construction materials depends, water supply infrastructure to supply water for 
construction as well as for household use once completed, as well as the supply of electricity also for 
household use. Any impacts to these systems will cascade down to the affordable social housing system. 
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The manufacture of cement is a critical input into the construction and maintenance of houses. Risks 
associated with this manufacturing system (e.g. the loss of productivity due to extreme heat) therefore 
also cascade down onto the affordable and social housing system.  

Water supply 

As described in Section 3, key water supply nodal vulnerabilities exist with respect to hazards of flooding, 
drought and extreme temperatures. This is illustrated in the nodal sensitivity heat map for the water 
supply sub-sector in Table 20. It is only in larger built-up areas where treated water is supplied to 
consumers through a formal reticulation system. The vast majority of Zambians source their water from 
boreholes, springs or rivers. The most important river for supplying water for domestic and industrial 
needs is the Kafue River. This supplies the major centres of Kitwe, Ndola and Lusaka. The majority of the 
abstraction is directly from the river using run-of-river pumps. Few reservoirs are used for storage and 
abstraction of water for domestic supply.  

Table 20: Nodal sensitivity heat map for the Zambian water supply sub-sector 

 

Floods 

Floods pose a significant threat to run-of river abstraction infrastructure given that it is located within the 
river channel. Whilst small floods are accommodated in the design specifications of such structures, 
climate change projections in the headwater areas of the Kafue river indicate increases in mean 
maximum daily rainfall of the order of 10% and a 1:25 year event increase in some areas of the catchment 
of the order of 20%.  Increases in daily maximum precipitation will significantly increase the scale and 
power of floods which will likely have an increased level of impact, particularly on treatment facilities if 
these are exposed.  
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Figure 35: Run-of-river abstraction point in Kitwe on the Kafue River and associated water treatment plant 

Drought 

Drought is an important risk factor for water supply in Zambia given that the majority of water abstracted 
is taken from rivers with no impoundment storage to augment supply when river flow declines. The 
exception is the Lusaka abstraction at Lolanda which is downstream of the Itezhi tezhi dam from which 
water could be released if required. Importantly, the Kafue catchment benefits from significant green 
storage infrastructure in the form of wetlands and natural lakes which maintain baseflow in the river 
during dry periods.  

Extreme temperatures 

The most significant risk to water supply linked with increased exposure to extreme temperatures is the 
associated increase in evaporation of surface water and reductions in river baseflow. This is important 
for the Kafue system where large areas of wetland are exposed and naturally lose a large volume of water 
to evapotranspiration. Increases in this loss through increased exposure to extreme temperatures will 
impact water supply, particularly in drought years. Importantly, this loss will likely not be accommodated 
by reduced demand during these periods, but its impact will be carried over to freshwater ecosystems.  

Cross-cutting impacts 

The water supply system is highly dependent on the energy sector, with electrical supply being critical for 
the operation of pumping equipment and other operational components of the water treatment system 
such as filtration . Energy interruptions will have major impacts on the ability of utilities to abstract, treat 
and supply water to users. At a lower level, the majority of boreholes require electricity to pump water 
from aquifers to the surface and so electricity supply disruptions will have an impact on local and 
household water supply with households having to increase storage on their premises to account for 
periods when they cannot pump.   

Waste water management 

As described in Section 3, key waste water management nodal vulnerabilities exist with respect to hazards 
of flooding, intense precipitation and drought. This is illustrated in the nodal sensitivity heat map in Table 
21. 
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Table 21: Nodal sensitivity heat map for the Zambian waste water sub-sector 

 

Floods 

Centralised waste water treatment infrastructure is sensitive to flood impacts. This is important because, 
generally speaking, treatment facilities are located in low lying areas to allow gravity to be used to bring 
large amounts of water-borne sewage to the facility. Although this analysis suggests that exposure of 
built-up areas to flood hazards in Zambia is very low, and thus risk is low, as with the assessment of 
flooding of housing infrastructure, it is acknowledged that exposure to flooding is a difficult aspect to 
assess given that fine-scale flood line data is not available for the country. Smaller water courses (which 
can still cause significant damage) are not well represented in course scale flood area data and thus risk 
in these areas is not well represented.  

The key risks associated with flood water impacting centralised waste water treatment infrastructure are 
1) damage to the infrastructure, including loss of functionality of the settling ponds and the sewer network 
and 2) spillage (ongoing after the flood event) of untreated waste water from broken sewer pipes and 
from the treatment facility into populated areas and into the environment.  

Decentralised waste water management infrastructure (septic tanks and pit latrines which are common 
features in urban and rural populated areas) can be constructed anywhere and is not necessarily 
associated with low-lying areas. The exposure to flooding is therefore difficult to determine without 
accurate location data for the infrastructure. Decentralised facilities also do not generally receive the 
same volume of waste water as a centralised facility and in the event of damage, the inflow of waste 
water can be stopped. Repair or replacement costs are also far lower than those of centralised treatment 
infrastructure. These factors mean that the consequence of exposure is low. Financial, environmental and 
public health risk related to flood damage to decentralised waste water infrastructure is thus low. 

Intense precipitation. 

Key risk pathways associated with increasingly intense precipitation centre around public and 
environmental health impacts due to spiling of untreated waste water as a result of 1) localised pluvial 
flooding, 2) the overwhelming of settling ponds and 3) the contamination of ground and surface water 
through a) raising of groundwater levels and b) the flooding of pit latrines and sceptic tanks.   

Centralised waste water management systems are particularly vulnerable and with projected increases 
in mean daily maximum rainfall of more than 10% (Table 22), Livingstone and Kasama areas are 
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qbsujdvmbsmz!bu!sjtl-!uipvhi!Lbtbnbǃt!waste water treatment infrastructure is only in the planning stage at 
this point. Lusaka and Ndola projected increases are slightly less at between 6% and 8%, however, given 
this is a mean value, rain events of much greater magnitudes are still anticipated. Lusaka is a particularly 
high risk given the significantly higher volume of sewage being managed, and the greater number of 
people potentially impacted.  

Table 22: Percentage increases in mean maximum daily rainfall projected (2040 ƿ 2060) for selected urban centres 
in Zambia 

Urban area Projected increase in max daily rainfall (%) 

Kasama 10.05 

Kitwe 2.36 

Ndola 6.40 

Lusaka 7.50 

Livingstone 14.69 

Drought 

The most important risks to waste water treatment systems that are associated with drought are 
primarily related to the treatment process. Drought conditions mean that sewage strength and the 
concentrations of pollutants are much higher, increasing the risk of sub-optimally treated waste water 
being discharged to the environment. In addition, increased temperatures often associated with drought 
conditions mean that oxygen concentrations are lower and aerobic oxidation processes are less efficient 
at oxidising organic waste. This also increases the risk of discharging poorly treated effluent.  

Drought conditions also result in impacts to the sewer network increasing the risk of pipe and 
infrastructure damage. Drying soils with high clay content result in soil contraction which can result in the 
fracture of pipes and manholes and the spilling of untreated waste water.  

All areas of Zambia are projected to experience an increase in drought conditions to varying degrees.  The 
most highly populated areas where the demand for waste water management is greatest are located in 
the central band stretching from Lusaka province through Kabwe, up into the Copperbelt Province. The 
extent of the projected change in SPEI in this band ranges from -0.6 to -0.4 (Figure 36). Drought conditions 
are therefore projected to impact waste water treatment more severely and more frequently.     

 

Figure 36: Distribution of change in mean 12-month SPEI values projected for the period between 2040 and 2060 
















































































