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FOREWORD 

The energy sector plays a central role in enabling the economic and 
human development of any Country, and Zambia is no exception. The 
Government of the Republic of Zambia (GRZ) under the New Dawn 
Administration has set an ambitious agenda for economic 
diversification and industrialisation, with the objective of turning 
Zambia into a prosperous middle-income country with diversified 
income sources and universal access to electricity. The agenda 

envisions, among other changes, growth in copper production to 3 million tonnes of refined copper per 
annum, increased mining of several other minerals, a transformation of the agricultural sector to allow 
for mass production and export of wheat, maize and soya, the electrification of rural and urban areas, 
development of electric inter-city and urban rail transport, and the establishment of industrial zones 
for processing of minerals from Zambia and the region. With equal priority, the agenda sees the 
extension of electricity access to all Provinces of Zambia, with a target of attaining universal access by 
2030 through a combination of on-grid and off-grid technologies.  

Against this background, Government acknowledges  that a significant increase in electricity generation 
capacity and enhanced infrastructure are needed to power Zambia’s development agenda, responding 
to these challenges the Ministry of Energy has produced the first ever Integrated Resource Plan (IRP) 
for Zambia’s electricity sector. The IRP caters to the Government’s vision of ensuring energy sufficiency 
and surplus as the economy grows, attaining universal access to electricity by 2030, and positioning 
Zambia as a regional electricity trading hub. 

Zambia’s energy sector gains through the IRP a roadmap for the development of the sector and clarity 
over the levels of investment required across all segments of the power delivery value chain to deliver 
on the Government’s agenda. At the core of the IRP is an analysis of existing and future electricity 
demand by Zambian province and an assessment of the generation and network development needed 
to satisfy the projected demand for electricity at the least cost. Recognising that grid extension is not 
always the least cost mode of electrification, the IRP proposes an extensive deployment of mini-grids, 
solar home systems and localised energy solutions in areas where these are able to provide the required 
level of service at a lower cost. 

The IRP takes into account issues relating to climate change, environmental protection, gender and 
social inclusion, not only in the proposed location of projects, but also through the recommended 
process of developing, constructing and operating projects. To this effect, the IRP has proposed a Social 
Safeguards Framework that addresses the social risks as well as the economic and employment 
opportunities associated with new power projects. The Framework provides a blueprint that is sensitive 
to Zambian social and cultural factors and reflective of learning points from projects undertaken in 
previous years. 

The process of preparing the IRP was highly consultative, engaging over 120 local experts in energy-
related fields and enabling many stakeholders to contribute by providing information, expert staff and 
resources at the local Governance levels. The entities that were part of the consultative process are 
listed in the Acknowledgements section following this foreword. 
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The Zambian electricity sector will greatly benefit from this IRP. This least cost roadmap to the 
development of the sector provides the basis for provincial planning across Zambia and offers clear 
direction for stakeholders and investors to create the conditions for sustainable development and social 
equity in Zambia over future decades. The Ministry of Energy will work with other stakeholders in a 
multi-sectoral approach to implement the IRP over the coming years and decades. The energy models 
that have been developed through the IRP will be maintained and updated so that the IRP can be 
revised in the future and evolve to adequately inform Government planning, policy and financing. 

Hon. Peter Chibwe Kapala 
Minister of Energy 
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underwent development between 2019 and 2023. Should readers seek to access and reference the 
core reports, they are available on the IRP website2. 

The outcomes of the IRP are derived from the technical and financial modelling assumptions that 
underpin it. The goal is to preserve and enhance the models established through developing the IRP to 
facilitate regular updates of the plan by the Ministry of Energy. This approach ensures the continued 
capability to model various planning scenarios, considering emerging technologies, government policy 
directives, and evolving economic, social, demographic and environmental variables that may change 
over time.  
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2 GRZ, Integrated Resource Plan, Resource Library, www.moe.gov.zm/irp/?page_id=228    

http://www.moe.gov.zm/irp/?page_id=228
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EXECUTIVE SUMMARY 

Zambia is highly vulnerable to the impacts of climate change. Rising temperatures and shifting 
precipitation patterns are expected to cause increases in both droughts and floods, declining water 
availability in the dry season, reduced river flows and increases in the occurrence of heatwaves. These 
changes are driven by globally increasing emissions of greenhouse gases that result in global warming 
and a concomitant increase in the intensity of the global water cycle. Greenhouse gases comprise a 
number of gases (including, amongst others carbon dioxide, methane and nitrous oxide) that are 
commonly emitted through the combustion of fossil fuels, as well as other development-related 
activities. Despite having contributed relatively little to global greenhouse gas emissions, Zambia is 
highly exposed to adverse climate impacts. This Integrated Resource Plan provides insight into key 
vulnerabilities within Zambia’s electricity sector and the projected impacts of climate change on 
Zambia and its electricity in the future. Risks and vulnerabilities within electricity generation, 
transmission and distribution and demand are identified and assessed, and potential interventions at 
the national level are proposed.  

Zambia’s electricity sector is particularly vulnerable as a result of a strong reliance on hydropower as 
a generation source. Declining river flows in the main rivers result in decreases of hydropower 
production capacity, and the Zambezi River catchment is expected to be particularly affected by 
adverse climate impacts, with an expected relative change in water availability throughout the 
catchment of ~6-10%. While hydropower generation has been identified as the most vulnerable sub-
sector, other generation technologies are also vulnerable to increases in average and maximum 
temperatures, changes in rainfall and declining water availability and increases in extreme events. 
These adverse impacts also jeopardise Zambia’s capacity to reduce its own greenhouse gas emissions 
in line with the country’s Nationally Determined Contributions, as renewable hydropower capacity is 
expected to decline. Other impacts on electricity include potential increases in cooling demand as a 
result of rising temperatures and increases in extreme heat events, increasing electricity requirements 
for water supply as water availability decreases and increasing risks from floods. 

The climate impact assessment carried out for the IRP informed modelling parameters, especially for 
the purpose of generation planning. Notably, given the significant uncertainty associated with future 
hydrology, a decline of 7.5% in output over the plan period was assumed for hydro generation plants 
in the Zambezi catchment area in determining modelling results, notwithstanding some modelling 
results that suggest the decrease may be as high as 15%. With respect to future hydro plants 
recommended by the IRP, it was assumed that investment would predominantly be in the north of 
Zambia in the Congo catchment area such as the Chambeshi and Luapula Rivers, which are less 
susceptible to climate change, and therefore able to provide consistent annual power output over the 
IRP plan period.  

Climate-proofing Zambia’s electricity sector will require an increased uptake of climate-resilient 
renewable energy sources such as wind and solar that are not affected by the projected declines in 
river flow, as well as the uptake of climate resilient interventions in key generation assets. Future 
generation installations should also consider Zambia’s commitment to reduce overall greenhouse gas 
emissions. Simultaneously, the potential for electrification of Zambia’s rural communities to reduce 
greenhouse gas emissions from charcoal production and deforestation should be investigated and, 
where possible, exploited.  
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1 INTRODUCTION  

The Ministry of Energy (MoE) is proud to present Zambia's inaugural Integrated Resource Plan (IRP) for 
the energy sector. Formulated with the support of the Cities and Infrastructure for Growth Zambia 
(CIGZambia) programme and the UK’s Foreign, Commonwealth and Development Office (FCDO). This 
comprehensive, 30-year plan encompasses sustainable development in electricity generation, 
transmission, distribution, and energy access infrastructure. Its overarching goal is to ensure universal 
access to clean, reliable, and affordable electricity while minimising the total environmental, social, 
economic, and financial costs, in alignment with Zambia’s National Development Plans. 

The IRP development process placed climate change at the centre of its analysis. Despite its relatively 
low contribution to global greenhouse gas emissions, Zambia is highly exposed to adverse climate 
effects. The nation's electricity sector has been historically heavily reliant on hydropower and therefore 
particularly at risk due to declining river flows, affecting hydropower production capacity. Recognising 
the extent to which climate change acts as an exacerbating force for existing climate drivers, a thorough 
analysis of climate risks, such as droughts and heatwaves, was a critical first exercise in the IRP to 
effectively identify climatic parameters of interest for energy modelling. The considerations were 
streamlined into the IRP’s energy modelling, and specifically in the analysis and investment 
recommendations pertaining to generation resources.  

This report presents the climate risks confronting the electricity sector in Zambia and provides 
recommendations for mitigating these risks. The report first outlines the key climate changes in Zambia 
until the period 2040 – 2059 and identifies the major impacts that are expected to be had on the energy 
sector. It then delves into vulnerabilities within Zambia's electricity sector, identifying risks in 
generation, transmission, distribution, and impact on demand patterns. The report finally proposes 
national-level climate adaptation interventions to address these vulnerabilities and provides specific 
guidance on how to treat climate change impacts on hydrology. Annex 1 to this document offers specific 
Climate Risk Screening Guidelines to be adopted in the procurement of future energy projects. 

2 SITUATIONAL ASSESSMENT 

Zambia is among the world’s most vulnerable countries to climate change, ranking 26 out of 182 
countries in the 2018 Global Climate Risk Index1 and classified as having high to extreme risk in the 
2018 Climate Change Vulnerability Index2. Climate variability is high, with frequent droughts, floods, 
extreme temperatures and dry spells. Climate records from 1960 to 2003 indicate that the mean annual 
temperature has increased by 1.3 oC, with an average rate of 0.34 oC per decade. Mean rainfall over the 
same period has decreased by an average of 1.9 mm/month (2.3%) per decade. 

By 2100, projected temperatures are expected to increase by 3 – 5 oC, with average precipitation 
declining during the early rainy season (October to December) and intensifying thereafter. An 
assessment of potential climate impacts by Zambia’s Ministry of Environment shows that without 
adaptation, climate change hazards pose risks to economic growth and undermine efforts to improve 
livelihoods, adversely impacting key economic growth sectors including water, agriculture, forestry, 
wildlife, tourism, mining, energy, infrastructure and health3. According to the World Bank, rainfall 
variability alone reduces annual gross domestic product (GDP) growth by 0.9%4. Inadequate economic 
opportunities and energy in rural areas contribute to widespread deforestation. Deforestation in 
Zambia accounts for 90% of carbon emissions. 

 
1 Germanwatch. 2017. Global Climate Risk Index 2018. Available at: https://germanwatch.org/en/download/20432.pdf 
2 Maplecroft. 2018. 
3 Ministry of Tourism, Environment and Natural Resources. 2007. Formulation of the National Adaptation Plan of Action 

(NAPA) on Climate Change. Final Report.  
4 World Bank. 2013. Project Appraisal Document on a Proposed Strategic Climate Fund – Pilot Programme for Climate 

Resilience.  

https://germanwatch.org/en/download/20432.pdf
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There are a number of climate initiatives being undertaken in Zambia that may have a relevance to the 
Integrated Resource Plan (IRP). The Green Climate Fund (GCF) is funding a number of projects that are 
active in Zambia. In addition to these GCF projects, the World Bank’s Pilot Programme for Climate 
Resilience (PPCR) will provide US$86 million in grants and near-zero interest credits for Zambia’s PPCR 
strategic programme. The programme was designed under the leadership of the government in 
coordination with the African Development Bank and the World Bank Group (International Bank of 
Reconstruction and Development, International Finance Corporation). 

Zambia’s priorities with regards to climate change are outlined in the country’s Nationally Determined 
Contributions (NDC). Of these, the identified priority adaptation programmes (shown in Table 1) can be 
used to identify where energy projects are most likely to contribute to climate resilience (through inter 
alia providing energy for agricultural production). 

Table 1: Adaptation programmes identified in Zambia’s NDC 

Priority Programmes Key Activities Co-benefits 

1.  Guaranteed food 
security through 
diversification and 
promotion of climate-
smart agriculture (CSA) 
for crop, livestock and 
fisheries production 
and conversation.  

• Promote CSA practices through conversation 
agriculture, agroforestry, use of drought-
tolerant varieties, water use efficiency 
management and fertiliser use efficiency 
management. 

• Promote crops such as cassava, maize, 
sorghum, finger millet, beans, cowpea and 
their wild relatives. 

• Promote livestock CSA practices through 
improved feed management, improved 
animal health, improved rangeland 
management, and use of drought-tolerant 
feeds. 

• Promote sustainable aquaculture practices 
through improved water management, 
improved feeding regimes and use of 
appropriate stocks. 

• Develop and implement policy incentives for 
farm diversification.  

• Poverty reduction, increased 
food security due to improved 
agricultural production and 
diversification. 

• Increased rural household 
incomes from diversified 
production systems. 

• Increased soil fertility and 
conservation leading to 
improved crop productivity. 

• Increased agro-biodiversity 
conversation, Improved health 
impacts as a result of food 
security. 

• Increased livestock productivity, 
reduced vulnerability, increased 
fisheries productivity. 

2.  A National Wildlife 
Adaptation Strategy 
developed and 
implemented through 
supportive policies, 
local, community, civil 
society and private 
sector participation. 

• Develop a National Wildlife Adaptation 
Strategy. 

• Map and protect wildlife corridors and 
refuges. 

• Promote community/private/public 
partnerships in the sustainable management 
of wildlife resources. 

• Enforce equitable benefit-sharing 
arrangements among government, 
communities and the private sector in the 
management of wildlife resources.  

• Improved governance of the 
wildlife estate. 

• Increased wildlife system 
resilience and reduced 
vulnerability. 

• Increased income from tourism-
related activities. 

3.  Protection and 
conservation of water 
catchments, enhanced 
investment in water 
capture, storage and 
transfer (linked to 
agriculture, energy, 

• Promote the protection of catchment forests 
in the Zambezi, Kafue and Luangwa 
watersheds. 

• Promote rainwater harvesting, improve 
water storage through dams and weirs. 

• Improved water security for 
ecological, domestic and 
industrial purposes. 

• Increased hydrological systems 
resilience and reduced 
vulnerability to climate change 
impacts. 
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Identified priority mitigation programmes in the NDCs, on the other hand, indicate a number of 
opportunities for altering the energy mix to reduce Zambia’s national carbon emissions – although 
existing emissions from Zambia’s energy mix are relatively low. Many of these programmes thus 
represent opportunities for low-emission diversification from climate-vulnerable hydropower 
resources instead. Other opportunities (outlined in Table 2) exist in the agriculture, forestry and land-
use sector for achieving significant emissions reductions. 

Table 2: Mitigation programmes identified in Zambia’s NDC 

3 IRP APPROACH TO CLIMATE CHANGE 

During the development of the IRP, the various sub-sectors of electricity supply (demand, generation, 
transmission and distribution) were assessed using a three-step methodology. Firstly, existing climate 
risks to the various sub-sectors were assessed. Climate change predominantly acts as an exacerbating 
force for existing climate drivers, so understanding existing climate risks (such as droughts or 
heatwaves) is crucial to adequately identifying climatic parameters of interest. Secondly, future climate 
change scenarios were explored to assess potential future risks. Thirdly, potential climate resilience 
measures to reduce risks were identified.  

Climate change impacts all economic sectors in Zambia, and so to identify key climatic impacts that may 
affect the various workstreams, the approach to this workstream has been collaborative. Key 

ecological, industrial 
and domestic use).  

• Develop and improve water transfer 
infrastructure through canals and piped 
systems, and undertake restoration projects.  

• Improved water quality. 

Priority Programmes Key Activities 

1. Sustainable forest management 
programme promotes natural 
regeneration, afforestation, 
reforestation, sustainable charcoal 
production and use practices and 
generation of electricity from forest 
waste and residues. 

• Forest enhancement including natural regeneration and 
afforestation/reforestation 

• Sustainable charcoal production to include improved kilns 

• Improved cooking devices to include biomass stoves, use of 
ethanol and liquefied petroleum gas stoves and switch to 
electric stoves 

• Participatory forest management (collaborative forest 
management, joint forest management) 

• Forest fire management 

2.  Sustainable agriculture programme 
promotes conservation/smart agriculture 
activities leading to adaptation benefits 
and enhancing climate resilience, 
especially in rural areas, and generation 
of electricity from agriculture waste.  

• Conservation/smart agriculture 

• Rural biogas plants 

• Rural biomass electricity generating facilities 

3.  Renewable energy and energy efficiency 
programme promotes switching from 
conventional and traditional energy 
sources to sustainable and renewable 
energy sources and practices and use of 
off-grid renewable energy technologies 
for rural electrification as decentralised 
systems.  

• Fuel switch (diesel/heavy fuel oil to biodiesel), coal to biomass 

• Switch from existing isolated diesel to mini-hydro, where 
possible 

• Introduce and increase blending biofuels with fossil fuels and 
where possible substitution with biofuels 

• Non-electrified rural photovoltaic (PV) and wind energy use 

• Grid expansion programme to support economic growth and 
grid extension through inter-basin water transfer 

• Grid extension to non-electrified rural areas 
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engagements and capacity-building activities have been conducted with each of the workstream leads 
to identify key climate parameters that are expected to impact their respective workstreams. 
Presentations on climate impacts on energy as well as climate finance have been given to major 
stakeholders, including the Technical Committee. These presentations have built the capacity of energy 
stakeholders to better understand the concepts and expected impacts of climate change on the energy 
sector in Zambia. 

In this report, climate parameters from the latest global effort on climate modelling are captured and 
presented to outline key vulnerabilities of Zambia’s energy sector. Based on these impacts, broad 
adaptation strategies are recommended. Additional inputs will be required to determine some of the 
specific climate responses that were identified, once other workstreams have completed their 
modelling efforts. 

3.1 Scope and Assumptions 

This report outlines the key climate changes in Zambia until the period 2040 – 2059 and identifies the 
major impacts that are expected to be had on the energy sector. Parameters around changing 
temperature and precipitation based on Coupled Model Intercomparison Project (CMIP) 6 ensemble 
data are analysed to determine the likely impacts of climate changes on generation, demand, 
distribution and transmission. For hydropower production, available literature data from past 
hydrological and climatological assessments have been included, as a bespoke country-wide 
hydrological assessment is beyond the scope of this report. 

Overview of approach 

As demonstrated in this section, Zambia is highly vulnerable to the impacts of climate change. This 
vulnerability will be expressed in all sectors – including the energy sector. A cyclical, phased approach 
should be applied to the implementation of the IRP to ensure continued adaptive management that 
will build climate resilience. 

 

Figure 1: Climate resilience development 
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For the purposes of the IRP development, the first two phases will comprise the priority work under 
this workstream, as no implementation is expected during the development of the plan. 

Identifying and assessing the key climate risks to the sector are crucial to ensure that activities under 
the IRP are 1) climate-proofed; 2) able to identify and make use of the opportunities of climate change; 
and 3) can contribute towards building climate resilience. Figure 2 shows an outline of a basic three-
step framework for screening the proposed initiatives under each of the major themes of the IRP. 
In order to screen for climate risks, the work of all the major themes was analysed using this screening 

approach. It should be noted that, in many cases, appropriate solutions for handling uncertainty needed 
to be applied. This is because there is significant uncertainty around a number of climate change 
impacts in Zambia – particularly on precipitation. Qualitative planning approaches were frequently 
recommended for handling such cases. 

• Integrate no/low regrets 
investments strategies

• Develop financing and 
investment strategies

• Mainstream climate 
resilience in IRP

• Develop a climate 
monitoring/adaptive 
management framework for 
IRP

• Identify opportunities for 
building resilience in the 
energy sector

• Identify new and innotative 
investment opportunities 

• Make the case for climate 
resilience 

• Consult stakeholders
• Conduct climate 

vulnerability and impact 
assessments on various IRP 
themes

1. 
Understand 
the problem

2. Identify 
and 

appraise 
options

3. Delivery 
solutions

4. Monitor, 
adapt, and 

move 
forwards

Step 1

•Review existing climate risks to energy generation, distribution, transmission 
and energy demand

Step 2
•Assess potential future risks through simplified climate change scenarios

Step 3

•Risk assessment and decision making to identify climate resilience measures 
that will reduce risks

Figure 2: Framework for climate screening 
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Data and methods 

The major climatic changes to temperature as a result of global climate change have been investigated. 
Using data from the CMIP 6, which forms the data foundation of the Sixth Intergovernmental Panel on 
Climate Change (IPCC) Assessment Report, changes in key parameters around temperature and 
precipitation have been investigated for the periods 2020 – 2039 and 2040 – 2059 in Zambia. 20-year 
periods were chosen as the minimum representative time period, while seeking optimal overlap with 
the IRP time horizon. CMIP 6 consists of runs of around 100 distinct climate models from 49 different 
modelling groups. In this assessment, the CMIP 6 ensemble median is used, to smooth out individual 
biases of particular climate models. Where future climatic parameters are presented as change 
variables (such as an increase in temperature or precipitation), this change is calculated by comparing 
the computed average of a future time period against an average reference time period. This reference 
time period, unless otherwise specified, will typically be the period 1995 – 2014. This form of presenting 
the degree of climatic change (known as anomalies) is standard practice, as applied by the World Bank 
Climate Change Knowledge Portal. 

Shared socio-economic pathways  

The latest IPCC climate report, Assessment Report 6, uses five possible scenarios to capture the likely 
futures of greenhouse gas (GHG) emissions. These scenarios are the so-called shared socio-economic 
pathways (SSPs). Each pathway is associated with an expected increase in global temperatures by the 
mid-century and by 2100. Global circulation models then use this change in temperature as input to 
generate a global dataset of climate projections. Consequently, each SSP is associated with a certain 
climate future. These SSPs are: 

• SSP1-1.9. The most optimistic scenario, this assumes a cut to net zero emissions by 2050. It is 
associated with an increase in temperature of 1.5oC by 2050, after which temperatures stabilise 
and decrease towards the end of the century. 

• SSP1-2.6. In this scenario, global CO2 emissions are cut to net zero after 2050. Global 
temperature increases by 2050 are expected, and temperatures are expected to stabilise 
around 1.8oC towards the end of the century. 

• SSP2-4.5. In this scenario, CO2 levels do not increase, but only begin to fall around the middle 
of the century. Socio-economic development continues on existing trends, and net zero is not 
achieved by 2100. Temperatures are expected to rise to 2.7oC by the end of the century. This 
scenario is considered a moderate scenario. 

• SSP2-7.0. Under the 7.0 scenario, emissions rise steadily to a doubling from current levels by 
2100. Average temperatures are expected to rise by 3.6oC. 

• SSP5-8.5. This is the worst-case scenario, in which economic growth accelerates rapidly along 
with an aggressive exploitation of fossil fuels and increases in GHG emissions. Temperatures 
are expected to reach an increase of 4.4oC by 2100. 

This report refers to a number of studies that have been undertaken using Assessment Report 5 
scenarios, called Representative Concentration Pathways, or RCPs. Where these are shown, the SSP 
equivalents are indicated. It should be noted that frequently used scenarios in the literature included 
SSP2-4.5 and SSP5-8.5, as moderate and worst-case scenarios, respectively. Recent global engagements 
at the 2021 Conference of Parties (COP 26) indicated that, while the goal of maintaining warming to 
within 1.5oC is still possible, achieving this goal is increasingly requiring herculean global efforts. 
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4 CLIMATE CHANGE IN ZAMBIA 

4.1 Temperature 

Mean temperature 

Zambia is expected to experience an increase in mean temperatures across all scenarios by 2060. 
Temperatures in the period 2030 – 2049 are expected to range from an increase of ~0.87oC (SSP-1.9 
ensemble median) to ~1.82oC (SSP-5 ensemble median) against the reference period of 1995 – 2014. 

Figure 3: Projected mean temperature for Zambia; multi-model ensemble median, shown with 10th to 
90th percentile ranges5 

 
The mean annual temperature by 2060 for each of the scenarios are shown in the table below: 

Table 3: Mean projected temperature for 2040 – 2059 (Celsius)6 

Scenario Mean Projected Temperature for 2040 – 2059 (oC) 
SSP1-1.9 23.1 
SSP1-2.6 23.4 
SSP2-4.5 23.7 
SSP3-7.0 23.9 
SSP5-8.5 24.2 

 

 
5 World Bank. Climate Change Knowledge Portal. Accessed: November 2021. Available at: 

https://climateknowledgeportal.worldbank.org/country/zambia/climate-data-projections  
6 Ibid. 

https://climateknowledgeportal.worldbank.org/country/zambia/climate-data-projections
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Temperatures are expected to increase throughout the country, but increases are expected to be 
greater in the western regions of Zambia. Under SSP2-4.5, temperature increases range from 1.49oC in 
Southern Province to 1.30oC in Luapula Province7. 
 

Figure 4: Projected changes in temperature across Zambia for the period 2030 – 2059 under SSP2-4.58 

 
Temperature increases across the season are expected to be more significant in September and 
October. 

Figure 5: Projected monthly mean temperature changes in Zambia for the period 2040 – 2059, SSP2-
4.5 multi-model ensemble median 

 
 

 
7 Ibid.  
8 Data resampled using bi-linear interpolation.  
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Temperature extremes 

Along with an increase in mean temperatures, both average minimum and maximum temperatures are 
expected to increase in Zambia. Average annual maximum temperatures are expected to increase by 
~1.55oC under SSP2-4.5 for the period 2040 – 2059, with marked increases expected in the months of 
October and November – where increases are expected to be 2.42oC and 2.12oC, respectively. 

Minimum temperatures are expected to increase by ~1.32oC for the period 2040 – 2059, with increases 
of 1.6oC and 1.69oC in October and November, respectively. 

The number of very hot days (where temperatures exceed 35oC) are expected to increase by 
approximately 28 days per annum under SSP2-4.5 for the period 2040 – 2059 (from a baseline of 
approximately 29 days per annum for the reference period 1995 – 2014). This increase will lead to a 
total of ~57 very hot days by the period 2040 – 2059, representing a 94% increase. 

4.2 Precipitation 

Projections of mean annual precipitation do not indicate significant changes for Zambia under all 
scenarios. These projections are accompanied by large uncertainties, with a slight negative trend 
evident for the period 2030 – 2059. Average decreases for this period range from 29mm (SSP5-8.5) to 
51mm (SSP1-2.6) per annum (representing a 2.3% and 4% decrease, respectively). 

For SSP2-4.5, rainfall decreases are expected to be greatest in the period September to November, in 
both periods 2020 – 2039 and 2040 – 2059. While projections under SSP2-4.5 show a slight rainfall 
increase in some provinces in the period December to February, this increase is no longer evident in 
the 2040 – 2059 period. 

Table 4: Heatmap of seasonal precipitation changes (in mm) from 1951 – 2100, compared to a 1995 – 
2014 baseline 

 

 

Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1951-
1960

-0.35 -1.59 -4.67 0.28 0.7 0.05 0.23 0.02 -0.07 2.05 0.92 1.69

1961-
1970

-8.78 -3.33 4.82 -3.36 -0.36 -0.19 0.03 -0.02 0.27 0.91 2.35 -1.1

1971-
1980

0.36 -5.81 -3.34 -0.18 0.03 -0.13 0.14 0.16 0.54 3.32 3.53 2.91

1981-
1990

-3.02 -4.1 2.58 -0.12 -0.11 0.07 0.04 0.01 0.47 0.65 5.56 -4.17

1991-
2000

-1.01 -3.91 -1.08 -0.86 0.37 0.02 -0.01 0.03 -0.43 3.39 5.59 -0.6

2001-
2010

0.84 -1.25 1.8 1.54 -0.62 -0.07 0.02 0.02 0.02 -1.99 -1.38 2.01

2011-
2020

-4.82 -2.53 -3.55 -4.94 -0.26 -0.13 -0.05 -0.14 -0.23 -1.96 -3.95 -7.39

2021-
2030

-1.14 3.38 3.98 -0.93 -0.37 -0.35 -0.05 -0.23 -0.51 -7.81 -7.3 -9.47

2031-
2040

5.67 3.43 -1.19 -2.5 -1.06 -0.33 -0.14 -0.18 -0.92 -6.89 -10.94 -6.93

2041-
2050

1.78 -2.85 -7.38 -4.97 -0.57 -0.42 -0.32 -0.29 -1.6 -10.66 -7.89 -4.24

2051-
2060

4.34 -0.8 -2.38 -0.48 -1.68 -0.45 -0.24 -0.41 -1.02 -8.89 -19.15 -7.08

2061-
2070

8.67 5.99 -2.4 -1.64 -1.62 -0.54 -0.2 -0.42 -1.15 -9.03 -16.12 -4.16

2071-
2080

8.38 6.33 0.85 0.03 -2.11 -0.71 -0.4 -0.46 -1.04 -10.26 -11.96 -7.38

2081-
2090

10.34 5.52 1.4 -3.22 -1.8 -0.8 -0.38 -0.43 -1.49 -12.53 -21 -0.41

2091-
2100

16.86 0.58 3.36 -2.79 -2.23 -0.54 -0.33 -0.44 -1.29 -10.65 -13.79 -3.79
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At the provincial level, annual average precipitation is expected to decrease particularly in the south-
western provinces of the country, with northern and eastern provinces projecting slight increases or 
only minimal changes. 

Figure 6: Precipitation changes predicted under SSP2-4.5 in provinces across Zambia for the period 
2040 – 20599 

 
Figure 7: Precipitation changes predicted under SSP1-1.9 in provinces across Zambia for the period 
2040 – 2059 

 

 
9 CMIP-6 gridded data (at 1.0oX1.0o resolution) was averaged over the provinces. 
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Figure 8: Precipitation changes predicted under SSP1-2.6 in provinces across Zambia for the period 
2040 – 2059 

 

 
Figure 9: Precipitation changes predicted under SSP5-8.5 in provinces across Zambia for the period 
2040 – 2059 
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As is evident from Figures 6 – 9, most scenarios predict a decline in rainfall for southern and western 
areas, with varying degrees of intensity. SSP1-1.9 (the optimistic scenario) is the sole scenario where 
an increase in rainfall is projected for the province of Lusaka in the period 2040 – 2059. 

Changes to hydrology 

Table 5 outlines the expected changes in water availability for each of the five major basins10. This data 
has been compiled based on CMIP-5 modelling datasets, and reference Reconstructed Concentration 
Pathway (RCP) scenarios. RCP4.5 corresponds to SSP2-4.5, while RCP8.5 corresponds to SSP5-8.5. Clear 
reductions in water availability are expected by 2030 and 2050, largely as a result of declining 
precipitation and increasing evaporation as a result of increasing temperatures. 

Table 5: Expected changes in water availability for each of Zambia’s 5 major basins 

  
Absolute Water Availability 
(km3) Relative Change (%) 

Basin 
Name 

Climate 
Scenario 

Current Water Availability 
(km3) 2030 2050 2080 2030 2050 2080 

Zambezi 4.5 48 46 45 45 -4% -6% -6% 

Zambezi 8.5 48 45 43 41 -6% -10% -15% 

Kafue 4.5 11 10.5 10.3 10 -5% -6% -9% 

Kafue 8.5 11 10.1 10.4 9.8 -8% -5% -11% 

Luangwa 4.5 17 16.4 16.2 16.2 -4% -5% -5% 

Luangwa 8.5 17 16.3 16 15.8 -4% -6% -7% 

Luapula 4.5 26 25 25.5 25.2 -4% -2% -3% 

Luapula 8.5 26 25.5 25.1 24.9 -2% -3% -4% 

Lufubu 4.5 0.4 0.4 0.4 0.4 0% 0% 0% 

Lufubu 8.5 0.4 0.4 0.4 0.4 0% 0% 0% 

5 CURRENT CLIMATE RISKS TO THE ZAMBIAN POWER SECTOR 

5.1 Impacts on Generation 

Hydropower 

Hydropower generation is sensitive to inflows and, consequently, is likely to be impacted by both 
decreases in precipitation and increases in evapotranspiration in both hydropower dams and in 
upstream catchments. Hydropower installations in the Zambezi, Kafue and Luangwa catchments are 
expected to be the most sensitive to these changes, with decreases in water availability expected to 
decrease by 4 – 10% in the mid-century. 

While studies investigating the expected decline in hydropower production across all individual plants 
in Zambia are not available, the Zambezi River basin has been investigated for potential hydropower 
futures. A 2016 analysis of expected climate impacts on hydropower generation indicated expected 
decreases in hydropower generation of between 18 and 20% by 205011. This analysis considered 5 dams 
in the Zambezi River basin, comprising around 4,833 MW of installed capacity (including the Cahora-
Bassa hydropower plant). A similar study in 2017, which compared wet and dry climate futures, 
indicated a potential decline of 10 – 20%12. A climate risk analysis of the Kafue Gorge Lower plant 

 
10 Hamadudu and Ngoma. 2019. Impacts of Climate Change on Water Availability in Zambia. 
11 Hamududu and Killingtveit. 2016. Hydropower production in Future Climate Scenarios; the Case for the Zambezi River. 
12 Spalding-Fletcher et al. 2017. Climate change and hydropower in the Southern African Power Pool and 
Zambezi River Basin: System-wide impacts and policy implications. 
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indicated changes in production potential from +4% to -17% by the mid-century13. A continental 
assessment by the International Energy Agency (IEA) estimates decreases of hydropower capacity 
factors of Mozambique, Zambia and Zimbabwe to fall by more than 9% in a global 3oC scenario, with 
average changes for the Zambezi and Congo basin countries being around 7% for 2oC and 3oC 
scenarios14. 

Given the range of potential future impacts in the literature and the significant uncertainty associated 
with future hydrology, two potential scenarios for decline in hydropower generation capacity have been 
chosen and modelled for the period of interest – a decline of 7.5% and a decline of 15%. These two 
scenarios are within the ranges of hydropower declines evident in the literature for the Zambezi Region 
for the period to 2050. For more information, refer to the Generation section (within 4.4.1). 

Hydropower installations may also be sensitive to increases in upstream erosion, which will contribute 
to increased sedimentation rates (for dams) and increased damage to generation turbines. Both will 
result in increased operational costs and, in the case of sedimentation, may contribute towards reduced 
lifetimes of hydropower infrastructure. Upstream erosion is likely to increase – absent adaptation 
interventions – in already degraded catchments as a result of increasing rainfall intensity across Zambia. 
Increased rainfall intensity interacts with non-climatic drivers (such as catchment degradation by 
unsustainable agricultural practices and deforestation) to increase the rate of catchment erosion and 
sediment deposition. 

Linked closely to upstream erosion, increases in the occurrence of floods pose a risk to exposed 
hydropower installations. Under climate change conditions in Zambia, floods are expected to occur 
more frequently as a result of increased rainfall intensity. 

Solar 

A continental assessment of solar photovoltaic (PV) potential across Africa in response to predicted 
changes in surface downwelling shortwave radiation, surface air temperature and 10 metres wind 
speed indicated a minor increase in PV potential for Zambia of ~2% by the end of the century, contrary 
to an overall decline in solar PV of ~4% across the continent15. Consequently, solar generation is not 
expected to be significantly impacted by climate impacts over the period 2020 – 2050. 

Wind and coal 

Wind resources are not expected to experience significant changes under climate change impacts over 
southern Africa. Median projections show a close to zero change, with some seasonal change trends 
evident particularly in the coastal regions16. However, these results are characterised by high levels of 
uncertainty and are not reliable indicators of wind resource changes. Significant declines in the wind 
resource of Zambia are thus not expected. 

Coal generation is expected to be mildly impacted by rising temperatures, which may reduce generation 
efficiency – particularly during temperature extremes. Coal stockpiles may require amended storage 
practices to maintain useability and safety under more uncertain conditions in the future, as increased 
temperatures may reduce moisture contents in stockpiles and increase the risk of combustion, while 
concomitantly, increased rainfall intensity and reduced rainfall predictability may result in excess 
wetting of coal stockpiles. Increasing temperatures and temperature extremes are also expected to 
increase the cooling requirements of individual thermal plants. 

 
13 International Finance Corporation. 2011. Climate Risk and Business hydropower, Kafue Gorge Lower, Zambia. 
14 International Energy Agency (IEA). 2020. Climate impacts on African hydropower. Available at: 

www.iea.org/reports/climate-impacts-on-african-hydropower/climate-impacts-on-african-hydropower  
15 Bichet et al. 2019. Potential impact of climate change on solar resource in Africa for photovoltaic energy: analyses from 

CORDEX-AFRICA climate experiments. 
16 Fant, Schlosser and Strzepek. 2016. The impact of climate change on wind and solar resources in southern Africa. Applied 

Energy. 

http://www.iea.org/reports/climate-impacts-on-african-hydropower/climate-impacts-on-african-hydropower


 

22 
 

Biomass energy and biofuels 

Biomass generation plants share similar risks to coal thermal plants, as outlined above. However, these 
plants are also vulnerable to climatic shocks that may impact feedstock production. In particular, this 
refers to climate change impacts that may negatively affect agricultural areas. These impacts include 
both changes to floods and droughts, as well as slower-onset climatic changes that may reduce the 
viability of certain feedstock biomass. 

5.2 Impacts on Electricity Demand 

Cooling requirements 

Increasing temperatures are expected to increase the cooling demand across Zambia. This cooling 
demand can be coarsely quantified using the predicted change in cooling degree days. Cooling degree 
days are an estimate of the number of days where the actual temperature will exceed a certain 
reference temperature. Internationally, this reference temperature is set at ~18oC. 

Using this parameter as a proxy, cooling demand is expected to increase between 34 and 43% across 
Zambia, with the largest increases expected to be experienced in Northern Province. Seasonally, cooling 
demand is expected to increase most in the months of September to November. 

Water needs 

As water availability decreases and temperatures increase, water demand is expected to increase for 
domestic, industrial and agricultural uses. Agriculture, in particular, will become increasingly reliant on 
irrigation water and will require increased energy inputs. This increased energy requirement is 
associated with two key drivers. Firstly, as temperatures increase, water availability decreases and 
seasonal precipitation becomes more concentrated into the rainy season, there will be an increased 
demand for irrigation water to maintain yield. This increased demand is expected to drive increased 
energy inputs for pumping and, where relevant, treatment. Secondly, as water availability decreases, 
energy requirements for pumping water may increase as water will increasingly be abstracted from 
more challenging sources. For example, during the drought experienced in the City of Cape Town, South 
Africa, significant challenges for water abstraction below the 10% levels of water reservoirs were 
identified. 

While both the impacts of climate change on cooling demand and energy demand for water supply are 
likely to be regionally significant, these impacts are expected to not contribute significantly to the 
uncertainty captured within the existing demand modelling initiative, as described in more detail in the 
Demand Assessment and Forecasting report. 

5.3 Impacts on Transmission and Distribution 

Temperature and transmission losses 

Increasing mean temperatures are expected to have minor negative impacts on the carrying capacity 
of lines and transformers, as well as increased temperature losses in lines and transformers. With the 
projected mean temperature being ~23.7oC (SSP2-4.5) by 2040 – 2059 (up from ~22.2oC in 1995 – 
2014), these impacts can be modelled and are expected to not have significant impacts on the design 
of infrastructure. 

Extreme events 

As a result of increased precipitation intensity and a larger proportion of rainfall from intense events, 
Zambia is expected to experience an increase in the frequency and intensity of flood events. This may 
impact transmission and distribution infrastructure that is in or near flood-prone areas. Interdependent 
infrastructure may be particularly affected, as floods hamper the repair of transmission lines or 
distribution infrastructure as a result of, inter alia, flooded or damaged roads. 
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In addition to flooding, lightning strikes are expected to increase with climate change. Global estimates 
indicate that lightning incidence is expected to increase by 10% for every degree of warming 
experienced17. Lightning incidence in the region is also expected to increase under climate change 
conditions18. 

5.4 Strategies for Climate Adaptation and Mitigation in the Zambian Power Market 

The Department of Green Economy and Climate Change in the Ministry of Green Economy and 
Environment is the lead entity responsible for the formulation of climate change policy in Zambia. The 
following strategies are formulated based on international best practices and academic literature 
around adaptation and mitigation, as well as Zambia’s NDC for mitigation. They are informative 
assessments and conclusions based on the existing climate studies and do not represent policies or 
policy recommendations. 

Adaptation 

Generation 

Hydropower 

A number of hard and soft measures can be implemented to strengthen the overall climate resilience 
of hydropower installations. Soft measures include the development of resilience strategies, plans and 
regulations to promote the uptake of a diverse, climate-resilient energy mix, incentivise climate-
resilient sustainable development and regulate for enhanced resilience. Individual installations that are 
expected to be impacted by decreasing flows should be ‘stress-tested’ under a range of potential future 
flow scenarios to determine the degree of sensitivity for a particular installation. These stress tests 
would inform climate resilient plans and strategies, and depending on the degree of exposure, potential 
alternative generation plans may be constructed. An example of such a test has been conducted for 
the Ngonye Falls hydropower plant and can be viewed as a case study. At the operational level, soft 
measures could include considering possible climate impacts in the design and operation of 
hydropower plants, and, where necessary, revising operational measures based on projected climate 
impacts. For future hydropower planning, the spatial variability in climate change impacts on 
precipitation and temperature should be considered. Spatial diversification away from hydropower 
infrastructure located in the south of the country will not only facilitate a redistribution of energy across 
the country, but also increase the resilience to catchment-scale impacts. 

Hard measures can include changes to infrastructure to enhance climate resilience, such as increasing 
the reservoir capacity or dam height, modifying generation infrastructure, improving sediment and 
flood control facilities and other infrastructure-related changes based on local conditions at the target 
site. Upstream of the hydropower plant in question, improved catchment management can contribute 
towards attenuating climate-induced hydrological changes as well as reducing erosion and consequent 
sedimentation. 

To further improve the resilience of existing hydropower infrastructure, upstream integrated water 
management approaches should be implemented for priority installations. These should include 
integrated land and water use planning approaches to ensure catchment integrity and adequate water 
use allocation for different users. Water efficiency plans – including drought management plans – 
should be put in place to ensure adequate preparedness for climate change-induced dry periods and 
subsequent low-flow conditions. Continuous adaptive management and monitoring of river flows 
should be practised to enable decision makers to adapt to changing climatic conditions. Such integrated 
approaches have significant benefits beyond the resilience of the hydropower and energy sector, and 

 
17 Price. 2009. Thunderstorms, Lightning and Climate Change. 
18 Mahomed et al. 2021. Lightning monitoring and detection techniques: Progress and challenges in South Africa. 
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allow for improved water use for energy production, food production, industry and domestic 
consumption as well as environmental sustainability under climate change conditions. 

Biomass and biofuels 

Adaptation for biomass generation focuses heavily on the availability of feedstock, for which similar 
practices to those used in agriculture are recommended. These include improved irrigation and soil 
management techniques to improve water use efficiency, selecting feedstock with robust genetics that 
is resilient to drought and flood impacts, as well as tolerant of higher temperatures, enhanced pest and 
disease control and improved harvesting and post-harvest management practices. 

Biomass plants themselves may also require redesign to increase their robustness under extreme 
events, such as floods. Moreover, all plants should stress test their water requirements and water 
supply arrangements for cooling. 

Other generation assets 

Non-hydropower generation assets are likely to be affected by extreme events – in particular, increased 
flooding may damage generation assets in flood-prone areas. Appropriate adaptation actions may 
include the relocation of generation assets out of flood zones or physical hardening of these assets to 
increase resilience to flooding. Continuous monitoring of the effect of temperature (particularly 
temperature extremes) is recommended for temperature-sensitive generation assets. 

Demand 

While early indications show that the projected energy demand from cooling and water supply as a 
result of climate change is not expected to contribute significantly to the variability of the existing 
national demand forecasts, such impacts are likely to become relevant to local demand forecasting and 
are expected to reflect in daily load profiles. As the socio-economic profile of Zambia increases and the 
use of air-conditioning and other weather-dependent electricity consumption increases, the climate 
sensitivity of electricity demand is expected to grow. Further study and ongoing monitoring of the 
relationship between demand and weather variables is recommended to ensure that Zambia is able to 
practise adaptive management for the ongoing impacts of climate change. 

Transmission and distribution 

Transmission and distribution infrastructure has been identified to be most likely to be affected by the 
expected mean increases in temperature. Infrastructure design specifications should be reviewed to 
determine their continued viability under expected mean temperatures for the period 2040 – 2059. 
The impact of extreme temperature events (particularly hot days in excess of 35o C) should be 
considered in the design of infrastructure and distribution systems. 

For infrastructure that is currently located in flood or erosion-prone areas, flood and landslide risk 
should be evaluated, and appropriate cost-effective adaptation intervention implemented. For 
example, where possible, the relocation of transmission and distribution assets may be considered. 
Where relocation is not possible, flood and landslide risk may be reduced by hardening the 
infrastructure or stabilising slopes. 

Contribution to adaptation 

Renewable energy projects – mostly outlined under Zambia’s mitigation objectives in the NDC – have 
significant potential to contribute adaptation co-benefits. In particular, improved energy access to 
underserved vulnerable local communities is likely to have significant resilience-building benefits. These 
benefits are particularly evident in the improved provision of decentralised water supply and sanitation 
services, which significantly enhance the resilience of vulnerable local communities to the adverse 
impacts of climate change. For example, increased uptake of solar groundwater supply systems is 
expected to provide safe and reliable water supplies to local communities during both flood and 
drought conditions. 
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Mitigation 

In accordance with Zambia’s NDC, GHG emissions across the country are expected to decrease by 25% 
against a 2010 baseline of 120,604Gg CO2 equivalent.  The baseline case (assuming baseline 
hydropower generation) in the Zambia IRP assumes an increase in thermal generation capacity from 
450MW to 2,066MW by 2050, corresponding to an annual supply of ~8,999GWh by 2050. While this is 
expected to increase potential emissions from coal from ~1.619 million tonnes per annum to ~7.5  
million tonnes per annum (an increase of ~5,792Gg in emissions from coal), the percentage 
contribution of coal generation to the Zambian generation mix will decline by ~1.5%, with increases in 
solar, wind and biomass. Moreover, the expected increase in total emissions from electricity production 
does not account for potential decreases in emissions from the land use sector, as increases in rural 
electrification reduce the prevalence of charcoal use. Currently, the land use sector in Zambia is a 
dominant source of emissions for the country.  

Major themes outlined on energy are: 1) improved access to electrical energy; 2) improved resilience, 
transmission efficiency and interconnectivity of the supply network; 3) improved energy efficiency in 
both generation and consumption; and 4) increased generation and use of renewable energy. The NDC 
outlines a major programme on renewable energy and energy efficiency, which foresees: 

• switches in fuel, from diesel, heavy fuel oil and coal to biodiesel and biomass; 
• switches from fuel-based to mini-hydro; 
• introduction and increased blending and/or substitution of fossil fuels with biofuels; 
• promotion of off-grid renewable energy; 
• promotion of on-grid expansion; and 
• promotion of grid extensions to rural areas. 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
19 Calculated using an emissions factor of 0.83 tCO2/MWh, and assuming an annual generation from coal of ~8,999GWh by 

2050 
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ANNEX 1: CLIMATE RISK SCREENING GUIDELINES 

The IRP Climate Report outlines key climate change risks to the Zambian energy sector. However, building 
climate resilience of key assets within generation will require that the IRP screening process (figure below) is 
carried out at a more granular level – ideally for each exposed asset or set of assets. These guidelines will provide 
a general overview of how to carry out such a risk assessment. 
 

 
Step 1: Review existing climate risks to energy generation 

The main objective of this steps is to identify key climatic parameters that have affected a particular 
type of generation asset in the past in such a way that the asset’s generation capacity is altered. In so 
doing, the likely future effects of a changing climate can be assessed either quantitatively or 
qualitatively. Some potential impacts on various generation types are shown in the table below, with 
indicative questions that will help in identifying climatic risk factors. Kindly note that these factors are 
not exhaustive, and local conditions may lead to unique impacts and relationships between climate 
variables and generation capacity. 

 

Hydropower Thermal Biomass Solar/Wind 

Changes in 
temperature 

• Have there been 
observed increases 
in evaporation 
from storage 
areas? 

• How have 
heatwaves/hot 
periods affected 
operations in the 
past? 

 

Changes in 
temperature 

• To what degree 
have changes in  
temperature 
affected 
generation 
capacity? 

• How have 
heatwaves/hot 
periods affected 
operations in the 
past? 

Changes in 
temperature 

• To what degree 
have changes in  
temperature 
affected 
generation 
capacity? 

• How have 
heatwaves/hot 
periods affected 
operations in the 
past? 

Changes in 
temperature 

• How have 
heatwaves/hot 
periods affected 
operations in the 
past? 

Extreme events 

• Is the installation 
in a flood-prone 
area? Has it been 
affected by 
landslides? 

Step 1

•Review existing climate risks to energy generation, distribution, transmission 
and energy demand

Step 2
•Assess potential future risks through simplified climate change scenarios

Step 3

•Risk assessment and decision making to identify climate resilience measures 
that will reduce risks
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Changes in 
precipitation 

• How did a 
particular 
installation 
respond under 
extreme high 
flow/low flow 
conditions? 

• Has there been an 
observed trend of 
declining 
inflows/river 
flows? 

• How have other 
water users 
responded in years 
of low flow? 

Extreme events 

• Is the installation 
in a flood-prone 
area? 

• Have floods or 
landslides reduced 
access to the site 
in the past? 

Changes in 
precipitation 

• Has unexpected 
rainfall caused 
problems with the 
coal supply? 

Extreme events 

• Is the installation 
in a flood-prone 
area? Has it been 
affected by 
landslides? 

• Have floods or 
landslides reduced 
access to the site 
in the past? 

• How has the 
supply of 
feedstock 
responded to 
period of high 
temperature in the 
past? 

Changes in 
precipitation 

• Have there been 
interruptions in 
the feedstock 
supply during 
years of low 
rainfall? 

Extreme events 

• Is the installation 
in a flood-prone 
area? Has it been 
affected by 
landslides? 

• Have floods or 
landslides reduced 
access to the site 
in the past? 

• Have floods or 
landslides 
reduced access to 
the site in the 
past? 

 

The types of questions outlined above should give a better sense of clarity as to how generation assets 
are exposed to climatic factors such as temperature and rainfall. It is recommended that users assess 
historic data on climate impacts – both continuous trends and the impacts of extreme events. Ideally, 
historical data on temperature and rainfall should be obtained from local observation stations, which 
is largely available through the Zambia Meteorological Department. This allows users to evaluate past 
trends, and to correlate these trends with historical data on generation to identify potential correlations 
between climate drivers and generation response. Typically, a suitably qualified climate expert would 
undertake this analysis, but competent users may use a freely available online tool for historical data 
analysis called ClimPact (https://climpact-sci.org/). This tool rapidly calculates extremes and trends 
within a particular dataset, and can even be used to automatically correlate climatic and non-climatic 
data to measure the degree of response of a system to climatic stressors. 

Once the climate factors affecting a particular asset have been identified, it may be useful to display 
them in a so-called impact chain. In the process of answering some of the guiding questions, users are 
likely to identify certain knock-on effects of climate variables (for example, if a flood destroys an access 
road and a damaged asset takes further damages as a result of delayed maintenance). Impact chains 
are conceptual models of how a certain stimulus causes a response throughout the system. 

https://climpact/
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 Step 2: Assess future risks through simplified climate scenarios 

The IRP outlines the basic principles of climate scenario projections. It is critical to remember that 
climate science cannot predict what the future climate impacts are going to be exactly. Projections of 
the future are made based on key assumptions, and these assumptions are subject to change. When 
assessing future climate risks, a number of tools are now available to users to access location-specific 
data on likely climate futures. However, all of these tools show projections of potential futures based 
on pre-set scenarios, and these should not be treated as future predictions, but rather future conditions 
that are associated with a certain likelihood of happening. 

Choosing a climate scenario and period of interest 

For details on various climate scenarios that have been developed based on likely future emissions 
scenarios, please review the IRP Climate Resilience section.  

Users wishing to get an idea of what the future climate is likely to do have a number of options for 
online platforms that provide access to future climate scenarios for particular locations. These 
platforms have varying degrees of user friendliness and simplicity, and the use of one over the other is 
largely user preference. It is critical to recall, however, that these platforms use data from either global 
or regional climate models and that data resolution is frequently low. All platforms have extensive user 
guides that outline how to use the specific platform.  

• Climate information platform (https://climateinformation.org/). This platform is provided by 
the Swedish Meteorological and Hydrological Institute, and is the only platform that 
incorporates hydrological parameters. This platform is extremely easy to use, and does allow 
export of data. 

• World Bank Climate Change Knowledge Portal 
(https://climateknowledgeportal.worldbank.org/). This tool provides country-level climate 
data and frequently has significant additional knowledge products to support analysis of 
country-level climate risks. 

• IPCC Atlas (https://interactive-atlas.ipcc.ch/). This global data exploration tool from the IPCC 
gives a wide range of options for datasets to be explored.  

 
20 Potsdam Institut fuer Klima. The Climate Impacts: Global and Regional Adaptation Support Platform. Available at: 

https://www.pik-potsdam.de/cigrasp-
2/ic/ic.html#:~:text=A%20climate%20stimulus%20marks%20the,to%20its%20right%20depict%20impacts. 

https://climateinformation.org/
https://interactive-atlas.ipcc.ch/
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In general, the user will need to select a parameter that is of interest to them, a climate scenario to 
investigate (typically this will be RCP 4.5 or SSP4.5) and a future period that is of interest. For most 
applications, with the exception of long-term planning, the future period of interest is unlikely to extend 
beyond 2050. The platforms will then display how the parameter is expected to change within that 
future period. The user will be able to explore, for example, how annual temperatures will evolve, 
including how seasonal changes will happen. Moreover, the user will be able to assess the the changes 
in temperature or precipitation related indices beyond the mean temperature or rainfall. For example, 
if heatwaves are of interest, the user may wish to evaluate the change in number of days above 35 
degrees C. 

Step 3: Risk assessment and decision making to identify climate resilience measures that will reduce 
risks 

Based on how future climate projections, and existing knowledge about how the relevant asset is 
exposed to such risks, the users may now assess future risks to generation assets. These risks may be 
readily quantifiable (such as estimating the reduction of hydropower generation capacity as a result of 
declining river flows) or may be difficult to quantify (such as estimating the exposure of assets to 
extreme events). The risks should be assessed depending on their likelihood of occurrence, priority with 
regard to other risks and the scale of the negative impact, should the risk occur. 

Based on the steps above, users can now select adequate interventions that will reduce the impacts of 
climate change. This should begin with a comprehensive options analysis that determines what 
solutions are available to mitigate the risk. The options analysis should also determine whether or not 
mitigating the risk is worth the cost of the intervention. Once a suitable and cost-effective adaptation 
approach has been selected, a risk mitigation plan should be developed for all the identified risks. It 
should be noted that a valid options may be a ‘do nothing’ approach, should no cost effective 
adaptation options have been identified. However, in this case, a risk mitigation plan should still track 
the identified risk, in case the underlying assumptions may change in the future.  

Evaluating risk tolerance 

Climate change impacts may occur along different scales, and not all adverse impacts are economically 
feasible to adapt to. It is consequently critical to evaluate the risk tolerance of each system under 
investigation. The PCL framework21 provides a framework for categorising risk responses into 
prevention (implementing adaptive actions that reduce the impact of  a particular climate risk), 
contingent arrangements (such as taking out insurance in the case of an adverse event occurring) and 
loss acceptance. This concept acknowledges that sometimes, preventing climate risks may be not 
technically or economically feasible.  

Applying the risk assessment process 

The risk assessment framework for the IRP can be applied in a number of ways and at a number of 
levels. It can be applied based on a single risk affecting a single asset, or multiple risks affecting one or 
more assets. Crucially, the assessment may identify interactions between risks. While the framework is 
shown as a step-wise process, it is recommended that the process be considered cyclical and 
exploratory. 

Wherever possible, a multi-disciplinary team should undertake these risk assessments, guided by at 
least one qualified climate scientist or similar professional qualified in climate risk assessments. This 
will greatly improve the use of available climate science data and information and allow for more 
accurate risk assessments. Using the tools outlined in this guidance will allow new users to familiarise 
themselves with key concepts and to contribute towards the development of a high-quality risk 
assessment for each generation asset in question. 

 
21 Nassef. Y. 2020. The PCL Framework: A strategic approach to comprehensive risk management in response to climate 

change impacts 
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