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Guiding questions

• What is the status of Malawi’s natural capital?

• What do changes in extent and condition of 
natural capital mean for agriculture, 
infrastructure, and climate financing?

• Where does investing in Malawi’s natural capital 
provide the best improvement in ecosystem 
services?



Status of 
Malawi’s 

natural capital



Natural capital is becoming 
increasingly valuable for Malawi

• Agriculture and pastureland 
value increased almost 2x

• Timber value increased 88% 

• Value of natural assets in 
protected areas increased 
almost 5x

Source: Changing Wealth of Nations 2021: Managing Assets for the Future report (CWON 2021). 
www.worldbank.org/cwon 

Renewable natural capital composition (constant 2018 US$), billions 

http://www.worldbank.org/cwon


… but, this comes at a cost to Malawi’s forests

• Expanding agriculture and 
livestock production are 
coming at the expense of other 
forms of natural capital. 

• Timber share of natural capital 
value declined from 23 to 17%

• Protected areas increased, but 
the share of ecosystem services 
from forests declined from 10 
to only 3%

Source: Changing Wealth of Nations 2021: Managing Assets for the Future report (CWON 2021). 
www.worldbank.org/cwon 

Renewable natural capital component share (%) 

http://www.worldbank.org/cwon
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Figure 4. Baseline (2020) Vegetation Cover and Condition

Source: this study.
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• Natural capital is the predominant 
form of wealth in Malawi, making up 
52% of total wealth, double the share 
when compared to other low-income 
countries where the average share is 
26% (World Bank 2021). 

Image source: Malawi Country Climate and Development Report (World Bank Group 2022).

Baseline of 
vegetation 
cover and 
condition 

2020
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Ongoing land 
degradation 

threatens resilience
• By a recent estimate, much of the 

country’s land area of forests, 
croplands, rangelands, and wetlands is 
degraded, imposing costs on economic 
growth, impairing vital ecosystem 
services, and reducing climate 
resilience.

Image source: Malawi Country Climate and Development Report (World Bank Group 2022).

Trend in 
vegetation 

health 
2001-2021
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Objectives of the report

(1) select a representative set of climate scenarios that will be used to assess the macroeconomic effects of 
climate change;

(2) conduct deep dive analyses focused on the agriculture, water, energy, and infrastructure sectors;

(3) evaluate the impacts of land management investments on these sectors; and,

(4) develop macroeconomic shocks arising from multiple impact channels under climate change.
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Executive Summary

Background
This deep dive report details sector level analyses that were conducted to generate estimates of 

economic damages from climate change to Malawi, considering 11 impact channels (that is, a 

pathway through which a change in climate conditions and/or climate adaptation actions will affect 

an economic sector or factor) that will inform macroeconomic shocks to the country’s economy. These 

impact pathways include labor productivity (from heat stress and human health), land management 

(carbon storage and erosion), energy-water-agriculture (through hydropower, water, crops, and 

livestock), and infrastructure (inland and urban flooding, and roads and bridges). 

The objectives of this analysis were to: (1) select a representative set of climate scenarios that will 

be used to assess the macroeconomic effects of climate change; (2) conduct deep dive analyses 

focused on the agriculture, water, energy, and infrastructure sectors; (3) evaluate the impacts of land 

management investments on these sectors; and (4) develop macroeconomic shocks arising from 

multiple impact channels under climate change, to be input into the MFMod macro structural model. 

Details on how the outputs were integrated into MFMod are provided in the CCDR report.

Impact Channels and Adaptation Actions Modeled

Channel of impact Description Adaptation

Labor productivity

Heat stress Shock to sectoral labor productivity due 

to shocks from heat stress, estimated 

from temperature and humidity. Considers 

sector-specific work ability curves from 
heat stress. 

Not considered

Human health Shock to total labor productivity from 

increased morbidity of vector-borne and 

temperature-related diseases. 

Not considered

Land management

Carbon storage Change in total terrestrial carbon storage. 

Considers changes in vegetation type and 

degradation due to population pressure 

on natural resources, and the benefits 
of investing in restoration, conservation 

agriculture, agroforestry, etc.

Landscape restoration

Erosion and 
sedimentation

Impacts of landscape degradation on 

erosion in croplands and on sedimentation 

to major reservoirs.

Landscape restoration

Energy, water, and agriculture

Hydropower Impacts on energy generation resulting 

from changes in river runoff.

Investments in transmission 

and resilient hydropower 

plants

Irrigated and Rain 
Fed Crops

Shock to crop revenues. Based on yield 

responses to water availability, erosion, 

and heat tolerance.

Irrigation efficiency, switch to 
climate resilient crops
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Channel of impact Description Adaptation

Livestock yields Shock to livestock revenues. Based on 
availability of feed from pastures and heat 
stress impacts on livestock productivity. 

Investment in alternative 
feed sources

Water supply and 
sanitation

Shock to labor supply and productivity and 
health care expenditures.

Not applicable

Infrastructure

Inland flooding Capital damages from precipitation 
changes, considering floodplains, design 
flood events, and spatial distribution of 
capital. Building on outputs from land 
management model.

Landscape restoration and 
flood-resilient infrastructure

Urban flooding Shock to capital stock and land from 
changes in the recurrence of flood events. 
Considers built-up capital, agricultural 
capital, and agricultural land. 

Improved infrastructure 
to withstand higher flood 
depths

Roads and bridges Shock to capital stock due to temperature, 
precipitation, and flooding effects across 
paved, gravel, and dirt roads. 

Investment in climate-proof 
infrastructure

Climate and Policy Scenarios
Following the World Bank guidance from February 3, 2022, titled Global scenarios for CCDR analyses, 
five climate change scenarios were selected that achieve two purposes. First, to allow for comparisons 
across emissions scenarios. Second, to select scenarios that capture the broadest range of climate 
change effects across general circulation models (GCMs), to assess the vulnerability of the economy 
and the performance of adaptation options under possible wet, dry, and hot GCM outcomes. Shocks 
were then modeled for the 30-year period from 2021 to 2050, for each of the 5 climate projections 
selected:

Dry SSP-119. “Dry” scenario that is 10th percentile of mean precipitation change across SSP1-1.9 
GCMs

Wet SSP-119. “Wet” scenario that is 90th percentile of mean precipitation change across SSP1-1.9 
GCMs

Dry SSP-370. “Dry” scenario that is 10th percentile of mean precipitation change across SSP3-7.0 
GCMs

Wet SSP-370. “Wet” scenario that is 90th percentile of mean precipitation change across SSP3-7.0 
GCMs

Hot SSP-370. “Hot” scenario that is 90th percentile of mean temperature change across SSP3-7.0 
GCMs

The policy scenarios considered in the study are: (i) Business-as-Usual (BAU), which assumes that 
the sectoral structure and overall growth patterns of Malawi’s economy will remain constant; and 
(ii) an aspirational growth scenario (ASP). Then, climate resilient assumptions are included on top 
of the mentioned scenarios to consider a (iii) business-as-usual scenario with adaptation (BAU with 
adaptation), and (iv) aspirational growth with adaptation (RES). For each climate projection and impact 
channel, the two last adaptation scenarios represent a proactive approach for all future investments - 

11 impact channels



5 climate scenarios

Dry SSP-119. “Dry” scenario that is 10th percentile of mean precipitation change across SSP1-1.9 GCMs
Wet SSP-119. “Wet” scenario that is 90th percentile of mean precipitation change across SSP1-1.9 GCMs
Dry SSP-370. “Dry” scenario that is 10th percentile of mean precipitation change across SSP3-7.0 GCMs
Wet SSP-370. “Wet” scenario that is 90th percentile of mean precipitation change across SSP3-7.0 GCMs
Hot SSP-370. “Hot” scenario that is 90th percentile of mean temperature change across SSP3-7.0 GCMs

SSP1-1.9: The IPCC’s most optimistic scenario, this describes a world where global CO2 emissions are cut to net zero 
around 2050. Societies switch to more sustainable practices, with focus shifting from economic growth to overall well-
being. Investments in education and health go up. Inequality falls. Warming hitting 1.5C but then dipping back down 
and stabilizing around 1.4C by the end of the century. Extreme weather is more common, but the world has avoided 
the worst impacts of climate change.

SSP3-7.0: On this path, emissions and temperatures rise steadily and CO2 emissions roughly double from current levels 
by 2100. Countries become more competitive with one another, shifting toward national security and ensuring their 
own food supplies. By the end of the century, average temperatures have risen by 3.6C.



4 snapshots of Malawi’s future

2020

Business-as-Usual (BAU): Degradation trends continue

BAU + Adaptation (BAU+): NDC commitments in forest, land, wetlands

Aspirational Growth (ASP): Large-scale restoration following existing priorities

Resilient Growth (RES): Climate- and ecosystem services-oriented restoration



Scenarios: Snapshots of Malawi’s future
BUSINESS AS USUAL 2050 ASPIRATIONAL GROWTH 2050

2.4M ha  versus  0.67M ha   in degrading condition
34  | Malawi CCDR: Sectoral Impacts of Climate Change

on vegetation condition modeling as described above, and where rural population densities are 
projected to be highest. The cost of this scenario (US$4.47B) is estimated as the cost of restoration 
using the same per-hectare cost as ASP, plus an additional US$149M cost, as stated for Malawi’s 
Energy Compact Ambition 7.1.

The restoration assumptions given above were implemented as pixel level changes applied to the 
land use and vegetation condition rasters generated for each scenario. First, clean cooking and 
charcoal strategy interventions were implemented as a reduction in the population pressure model to 
reflect reduced pressure on the landscape. Next, restoration activities were implemented as 1-step 
improvement in vegetation condition in pixels selected for restoration actions. For example, a given 
pixel of forest land cover projected to be in “poor” condition as a result of the population pressure 
model, would be changed to “fair” condition in 2030 as a consequence of restoration activities 
implemented in the policy scenario. Since these activities are assumed to continue to be implemented 
in the future through year 2050, that same pixel would improve again by 2050 to “good” condition. 

Results

Summary: Land change

Output Area of land in degrading condition (ha)

Results by 2050 BAU:  2,398,000

ASP:  673,000

BAU+:  1,012,000

RES:  262,000

Figure 13. Areas of Land Degradation and Improvement Under Each of the Policy Scenarios by 2050, 
Based on Land Change Model Plus Land Management

Cities
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Baseline vs BAU 2050
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Cities
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Scenarios: Snapshots of Malawi’s future
BAU WITH ADAPTATION 2050 RESILIENT GROWTH 2050

1.0M ha  versus  0.26M ha   in degrading condition
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4.2.2 Carbon Storage

Land-based carbon storage was estimated for each policy scenario based on a linear regression 

model that relates remote sensing data on aboveground biomass with land cover and vegetation 

condition. Two major carbon pools are modeled: Above-Ground Biomass (AGB) and Below-Ground 

Biomass (BGB). ABG data from the ESA Biomass Climate Change Initiative (BCCI) (Santoro and Cartus 

2021) for the year 2018 was utilized for this study. This dataset comprises estimates of forest above-

ground biomass for the years 2010, 2017, and 2018. They are derived from a combination of Earth 

observation data, depending on the year, from the Copernicus Sentinel-1 mission, Envisat’s ASAR 

instrument, and JAXA’s Advanced Land Observing Satellite (ALOS-1 and ALOS-2), along with additional 

information from Earth observation sources. These ABG data were regressed against baseline (2020) 

land use/vegetation condition to establish a predictive model linking land use/vegetation condition to 

AGB. The assumption was made that no major changes in terms of land use occurred between 2018 

and 2020. The resulting regression was used to predict ABG for each policy scenario after all land 

management actions that alter vegetation condition are applied. 

Globally, belowground biomass is estimated to account for up to 20-30 percent of the total biomass. 

For this study, the ratio of 0.26 was used, following other biomass studies in Africa (Abebe et al. 

2021). AGB and BGB were then summed to give total biomass. Carbon stock (C fraction) is estimated 

by multiplying total biomass by a coefficient of 0.47 which represents an average of 47 percent of the 
dry biomass assumed to be carbon across all parts of the vegetation (Ma et al. 2018). Finally, total CO2 

sequestered is estimated by multiplying the total carbon stock by a factor of 3.67 to convert the mass 

of carbon stored in biomass to its CO2 equivalents.

Results are summarized for each scenario as mean carbon stored (Mg CO
2
 equivalents/ha) for each 

land use type and vegetation condition (good, fair, poor; Figure 14). The model is used to estimate 

changes in total land-based carbon storage (Mt CO
2
 equivalents) for each of the policy scenarios, 

Cities
 National capital

 Provincial capital

Baseline vs BAU +A 2050
 SFGNT Degraded

 Degraded

 No change

 Improved

 SFGNT Improved

Cities
 National capital

 Provincial capital

Baseline vs RES 2050
 SFGNT Degraded

 Degraded

 No change

 Improved

 SFGNT Improved
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Figure 5. Representation of Adaptation Costs and Residual Costs of Climate Change
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The biophysical modeling approach presented in this study represents an improvement relative to 
previous efforts to incorporate climate impacts and adaptation into MFMod, such as the one described 
in Roson and Sartori (2016), which is the starting point of this analysis. Generally, the approach 
incorporates the following enhancements:

•	 Higher resolution climate data downscaled at a subnational scale, using the latest available IPCC 
projections from CMIP6.

•	 Consideration of the spatial dimension and use of country-specific data to model the climate 
shocks. For example, the use of Malawi-specific crop calendars and spatially explicit agricultural 
land allocation for the analysis of the agricultural yields.

•	 New channels of impact such as hydropower or water supply and sanitation. 

•	 Policy scenarios tailored to the country that take into consideration different levels of progress in 
general development, as well as in the adoption of adaptation measures.

3.2 Climate Scenario Selection 
To address climate uncertainty in the MFMod analyses, a total of five climate scenarios were selected 
for Malawi that capture both emissions and climate model uncertainty. The climate scenarios were 
provided by the World Bank’s Climate Change Knowledge Portal (CCKP) for 29 General Circulation 
Models (GCMs) from the Coupled Model Intercomparison Project 6 (CMIP6) suite of IPCC model 
outputs. On the CCKP, each GCM has up to five combinations of Shared Socioeconomic Pathway (SSP) 
and Representative Concentration Pathway (RCP) emissions scenario runs. These include SSP 1-RCP 
1.9 (1-1.9), 1-2.6, 2-4.5, 3-7.0, and 5-8.5. For each GCM-SSP combination, CCKP provided a modeled 
history from 1995 to 2014 and projections from 2015 to 2100, for monthly mean temperature and 
precipitation. CCKP also rectified each projection to a common 1x1 degree grid for the globe.

Costs of adaptation or costs of climate change



Scenarios: Snapshots of Malawi’s future
Scenario Description Total Area 

Restored
(M ha)

Cost
(M USD)

Business-As-Usual 
(BAU)

Historical degradation trends continue. Restoration 
limited to existing efforts under the MWASIP* project.

0.285 $262.5

BAU w/Adaptation 
(BAU+)

Successful implementation of the country’s NDC 
commitments in soil & water conservation, 
agroforestry, conservation agriculture, forestry, and 
riparian restoration.

2.5 $2,400

Aspirational Growth 
(ASP)

Successful implementation of the country’s Bonn 
Challenge forest landscape restoration commitment, 
National Charcoal Strategy and Clean Cooking 
Initiatives, and doubled investment in MWASIP.

4.5 $4,340

Resilient Growth 
(RES)

Accelerated investment in clean cooking, reducing 
demand for fuelwood from the landscape by 45 
percent, and targeting of land restoration efforts to 
improve ecosystem services.

4.5 $4,619



Sectoral impacts 
of changes in 

natural capital



1 Labor productivity:
Heat stress
• Labor productivity shocks under each of the 

five climate change scenarios and under 
each of the MFMod sectors: agriculture, 
industry, and services.

• Given its dependence on outdoor labor, the 
agricultural sector shows the largest 
impacts, followed by industry, then services.

• In 2050 under the hot SSP370 scenarios, 
impacts are as high as 12 percent, 9 percent, 
and 2 percent in the three sectors, 
respectively.
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For the final step, monthly labor productivity impacts by labor category by grid cell are aggregated 
nationally and on an annual scale for all the complete time series (1995 to 2100). For agriculture, 
grid cell level impacts are aggregated using the share of cropland as a proxy of the spatial distribution 
of agricultural workers, using data from the Copernicus Fractional Land Cover dataset (Buchhorn et 
al. 2020). For industry and services, we aggregate using gridded GDP data for 2015 from Kummu et 
al. (2018). A baseline mean performance value is calculated for the baseline period (1995 to 2020). 
Shocks for each climate model are calculated as the variation versus the baseline.

Results

Figure 9 shows the labor productivity shocks under each of the five climate change scenarios and 
under each of the MFMod sectors: agriculture, industry, and services. Given its dependence on 
outdoor labor, the agricultural sector shows the largest impacts, followed by industry, then services. In 
2050 under the hot SSP370 scenarios, impacts are as high as 12 percent, 9 percent, and 2 percent in 
the three sectors, respectively.

Figure 9. Labor Productivity Shocks Due to Heat



• Labor productivity shocks due to health 
effects under each of the five climate 
change scenarios.

• By 2050, labor productivity impacts 
reach just under 3 percent in the hot 
SSP370 scenario.
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4.1.2 Human Health

In addition to direct labor productivity lost due to temperature increases at the workplace, climate 
change is projected to indirectly impact labor productivity through increased sickness, which results 
in time away from work. These effects are calculated based on Roson and Sartori (2016), considering 
increased morbidity for vector-borne diseases (malaria, dengue), diarrhea, and respiratory heat-related 
diseases. Other diseases and impacts such as cholera or air quality and nutrition related diseases are 
not included in this analysis. 

The analysis uses climate data gathered from the Climate Change Knowledge Portal for the years 
1995 to 2100 (World Bank 2021). The resulting output corresponds to country-scale annual impacts 
on total labor productivity for each climate scenario for the periods between 2021 and 2100 relative to 
a baseline (1995 to 2020). 

Step 1. Scale Africa-Wide Labor Productivity Impacts

Roson and Sartori (2016) calculate an impact of -0.63 percent in aggregate labor productivity for Africa 
from an increase of 1° Celsius in global temperatures, based on a projected increase of 4.9 million 
in years of life lost (YLLs) for the continent. The YLL projection considers the increased incidence of 
vector-borne as well as heart-related diseases, including malaria, dengue, diarrhea, and respiratory 
and cardiovascular heat-related diseases. This projection corresponds to a calibration of the labor 
productivity shocks estimated using the ENVISAGE model (Roson and Sartori 2010) from morbidity 
estimates by Bosello et al. (2006) for Africa. For this analysis, we start from the Africa-wide impact and 
refine this figure by country based on the corresponding morbidity changes. 

Changes in morbidity are calculated using YLL data gathered from the Institute of Health Metrics and 
Evaluation global health dataset (IHME 2021). Increased YLLs by country are calculated based on 
the ratio between YLL projections and current incidence in Africa and are summarized in Table 6. The 
Africa-wide labor productivity impact of -0.63 percent is then interpolated using the difference in YLL 
changes relative to Africa. From this calculation, we estimate a projected labor productivity reduction 
of 0.49 percent in Malawi for a 1°C increase in temperature globally.

Table 6.  Additional Years of Life Lost from 1°C Warming

Disease Africa Malawi

Malaria 310 4

Dengue 0.02 0.005

Diarrhea 834 9

Respiratory and cardiovascular 3,744 53

% increase .30 .32

Notes: YLLs represent the average between 2010-2019

Step 2. Scale Global Temperature to Country-Specific Temperatures 

The result presented so far are estimated based on a 1°C change in mean global temperature. To 
estimate the shock based on country-specific mean temperature changes, we compare historical 
mean temperatures in the country against global temperatures between 1995 and 2020. Country 
temperatures are gathered from CCKP while global temperatures are from the National Oceanic and 
Atmospheric (NOAA 2022). Shocks to labor productivity are then calculated for each country by scaling 
the country-specific labor productivity shock to the specific increase under each climate scenario. 
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Results

Figure 10 shows the labor productivity shocks due to health effects under each of the five climate 
change scenarios.  By 2050, labor productivity impacts reach just under 3 percent in the hot SSP370 
scenario.

Figure 10. Labor Productivity Shocks Due to Health Effects

4.2 Land Management
This section presents the analytical approach to estimating the impact of population growth and 
poor land management on ecosystem services that support agriculture, flood mitigation, and carbon 
storage. Land condition is a function of demand on the resources from nearby population (which 
acts to worsen vegetation health) as well as investments in ILM (which act to improve it). We assume 
that the primary driving factor for land degradation is population pressure on natural resources, 
in particular for collection of fuelwood and other forest products, food production, and livestock 
grazing. Population pressures are modeled under a Business-as-Usual future, and then different land 
management policy scenarios are considered which act to restore the landscape, thereby mitigating 
some of the negative effects of population growth and climate change. Vegetation condition is then 
used to predict fluxes in land-based carbon storage and in erosion and sedimentation for each 
policy and climate scenario (Figure 11). The outputs are fed into other impact channels as described 
elsewhere in this report, specifically irrigated and rain fed crops and inland flooding.

Figure 11. Schematic of Impact Flow from Population Pressure and Landscape Management to 
Landscape Conditions that Impact Ecosystem Services, to the Sectoral Impacts Modeled
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3 Land management:
Carbon storage
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reflecting changes in vegetation condition as a result of population pressure and/or restoration in the 
policy scenarios. Note that climate change can also impact vegetation survival, growth, and carbon 
sequestration rates, as well as the distribution of ecosystem types across the landscape; however, the 
mechanisms behind these changes are complex and not within the scope of this study. Therefore, the 
carbon model reflects only anthropogenic changes in land management between policy scenarios.

We used the model results for the change in land-based carbon storage for each scenario and 
converted them to CO2 equivalents, to arrive at the avoided carbon emissions (or additional emissions) 
for each policy scenario. For the price of carbon credits, we use the prices of standardized carbon 
credit contracts as reported in the World Bank’s State and Trends of Carbon Pricing 2022 report. The 
prices for nature-based carbon credits are highly variable and range from US$5 to US$15 between 
2021 and 2022. Therefore we use an average of US$10 per ton CO2 and also report the range  
(Table 8).

Results

Summary: Carbon Storage

Output Avoided emissions (Mt CO2e), relative to baseline 2020

Results by 2050 BAU:  -28.72

ASP: 109.99

BAU+: 95.52

RES: 148.55

Figure 14. Change in Land-Based Storage of CO2e (Mg/Ha) in 2050 Relative to Baseline
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Table 8. Value of Avoided Carbon Emissions by Policy Scenario. Negative Values Represent Lost 

Revenue Due to Increased Emissions

Scenario Total value by 2050, M USD 

(Low to high estimate)

Annual value, M USD

(Low to high estimate)

BAU -287 
(-144 to -431)

-9.6 
(-4.8 to -14.4)

BAU+ (w/adaptation) 955 
(478 to 1,433)

31.8 
(15.9 to 47.8)

ASP 1,100 
(550 to 1,650)

36.7 
(18.3 to 55.0)

RES 1,486 
(743 to 2,228)

49.5 
(24.8 to 74.3)

4.2.3 Erosion/Sedimentation

The spatially explicit InVEST Sediment Delivery Ratio (SDR) model (Sharp et al. 2020) was utilized to 
estimate the potential impacts of climate and land change on erosion and sedimentation. Five climate 
scenarios were modeled at two different time periods (2030 and 2050) for each policy scenario. This 
involved changing the land use/vegetation condition input to the model, as well as the rainfall erosivity 
input.

The SDR model estimates for each pixel the average amount of erosion per year, then integrates 
information on the landscape context (land cover and land use upslope and downslope of the pixel) to 
estimate the amount of sediment thereafter retained on the landscape or washed into downstream 

Cities

 National capital
 Provincial capital

Carbon storage change - RES

 -100
 -50
 0

 50
 100

Cities

 National capital
 Provincial capital

Carbon storage change - BAU +A

 -100
 -50
 0

 50
 100

Scenario Total value by 2050, M USD
(low to high estimate)

Annual value, M USD
(low to high estimate)

BAU -287
(-144 to -431)

-9.6
(-4.8 to -14.4)

BAU+ (w/adaptation) 955
(478 to 1,433)

31.8
(15.9 to 47.8)

ASP 1,100
(550 to 1,650)

36.7
(18.3 to 55.0)

RES 1,486
(743 to 2,228)

49.5
(24.8 to 74.3)

• Emissions, relative to baseline 2020, would 
increase 28.72 Mt CO2e under the BAU scenario.

• Emissions, relative to baseline 2020, can reduce 
in up to 148.55 Mt CO2e in the RES scenario.



4 Land management:
Erosion & sedimentation
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reservoirs. The model is based on an implementation of the Revised Universal Soil Loss Equation 
(RUSLE1;Renard 1997) for the calculation of annual soil loss, and includes a sediment delivery 
function as a function of the hydrological connectivity of each pixel in the landscape. Data for the SDR 
model includes biophysical parameters for the calculation of erosion dynamics, sediment export and 
retention across the landscape, including data on elevation, land use land cover, rainfall erosivity, soil 
erodibility, topography, vegetation cover, and management practices. 

The primary climate input to the SDR model is rainfall erosivity. Future rainfall erosivity values were 
obtained by using the multiple regression formula below:

 EI_30 = -25185 – 136*MFI + 28*P + 27223*SI

 where:

 EI_30 = Rainfall erosivity, in MJ mm ha-1 h-1 yr-1

  MFI = Modified Fourier Index, derived from average monthly rainfall from 2010 – 2020

  SI = Seasonal Index, derived from average monthly rainfall data from 2010 – 2020

The coefficients for the multiple regression were obtained by fitting the historical rainfall dataset at 
50km against the high resolution (1 km) dataset of rainfall erosivity from the European Soil Data 
Center (Panagos et al. 2017). The multiple regression was used to project future rainfall erosivity, and 
then the anomalies between projected and historical values were used to adjust the high-resolution 
rainfall dataset used as input to the SDR model. The reason to use the anomalies between historical 
and projected erosivity instead of using directly the future estimations of rainfall erosivity is to 
maintain the spatial heterogeneity present in the high-resolution product, where mountain ranges and 
precipitation shadows are mapped. 

Mean annual erosion rates (t/ha/yr) in croplands and total annual sedimentation rates (t/yr) 
coming from the contributing areas to major reservoirs were produced to inform impact channels for 
agriculture and hydropower.

Summary: Sedimentation

Output Range of mean annual erosion in croplands (t/ha/yr) under different 
scenarios of climate change

Results by 2050 BAU: 37 – 42

ASP: 24 – 28

BAU+: 25 – 28

RES: 21 – 24

Output Range of annual sedimentation in reservoirs (Million t/yr) under 
different scenarios of climate change

Results by 2050 BAU: 3.7 – 4.7

ASP: 2.3 – 2.9

BAU+: 2.2 – 2.9

RES: 1.8 – 2.2

4.3 Agriculture, Water and Energy
This section presents the methodology for estimating the impact of climate change on: (i) hydropower 
from changing streamflows and water use in the Zambezi River catchment; (ii) irrigated and rain 

• Climate change plus land 
degradation in the BAU scenario 
could result in increased soil losses 
of up to 9 tons/ha/yr in croplands. 

• Improved land management can 
offset and further reduce erosion 
losses by 12 to 19 tons/ha/yr.
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5 Energy, water and 
agriculture: 
Hydropower
• Overall, the impact of climate change on 

Malawi’s hydropower generation is 
relatively low.

• Hydropower production in Malawi is found 
less sensitive to climate than in 
Mozambique, because the turbinating 
capacity of the hydropower plants is 
designed for an average flow that is lower 
than the observed flow, and because the 
new dam in Liwonde is able to regulate 
releases out of Lake Malawi.
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Results

Summary: Hydropower

Output Hydropower production shocks and investment requirements.

Results by 2050 BAU: Between -3% (pessimistic dry) and +1% (wet and hot scenarios) shock on 
generation.

ASP: -6% at the low-end (pessimistic dry) and +3% at the high-end (optimistic 
wet).

BAU+: Between -0.5% (pessimistic dry) and +5% (wet and hot scenarios), with 
all other scenarios greater than zero. 

RES: Between -1% at the low end (pessimistic dry) and +6.5% at the high-end 
(pessimistic wet), with all other scenarios greater than zero. 

Figure 17 shows the generation trajectory until 2050, illustrating the increases produced with the 
development of new plants. Under ASP scenario, the Songwe plant is built in 2035. Under RES, 
Songwe is replaced with a more resilient Lower Fufu facility, which has higher average hydropower 
production and greater resilience to dry scenarios. Overall, the impact of climate change on Malawi’s 
hydropower generation is relatively low. Solid lines in the figure indicate the range within climate 
scenarios, while dashed lines indicate the average. 

Figure 17. Annual Hydropower Generation Under Policy Scenarios

Notes: Dashed line is average across climate scenarios

Under the BAU, hydropower generation is quite resilient to climate change since existing hydropower 
plants benefit from the regulation effect of Lake Malawi. Because of the slow demand increase, the 
Mpatamanga hydropower plant is found to increase generation capacity above electricity demand, but 
since the scenario considers limited transmission lines capacity to Mozambique, the full potential of 
Mpatamanga cannot be used, and therefore the climate impacts are softened in the BAU scenario. 
In the 2040s, generation shocks range between -3 and 1 percent (see Figure 18). Considering higher 
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transmission capacity with Mozambique in the BAU scenario, which enables to adapt to inter-annual 
variation in the Hydropower production, shocks in the 2040s are positive. However, given that in the 
BAU scenario the production capacity is larger than demand, the additional transmission capacity is 
mainly used to export additional power production. 

The Aspirational (ASP) scenario includes a twofold increase in power demand from 2025 to 2040, 
which, combined with high irrigation development around Lake Malawi and downstream on the 
Shire River, leads Mpatamanga hydropower to be sensitive to climate scenarios, with total Malawi 
hydropower production 6 percent lower under a dry climate. In the Resilience (RES) scenario, the 
replacement of the Songwe hydropower plant improves resilience by softening the negative shock 
under a dry climate to 1 percent. Additionally, the improvement in irrigation efficiency does increase 
the available flow in the Shire River and reduce impacts on the Mpatamanga plant.

Figure 18. Hydropower Generation Shock in 2040s Relative to No Climate Change
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In general, hydropower production in Malawi is found less sensitive to climate than in Mozambique, 
because the turbinating capacity of the hydropower plants is designed for an average flow that is lower 
than the observed flow, and because the new dam in Liwonde is able to regulate releases out of Lake 
Malawi. Mozambique is subject to the drying trend in the Zambezi basin and, by the 2040s, the dry 
scenario will reduce aspirational growth generation by up to 35 percent. 

4.3.2 Irrigated and Rain Fed Crops

Under climate change, irrigated and rain fed yields will be affected by changes in water availability, 
increasing evaporative demands, and extreme heat as temperatures rise. Modeled changes in 
soil erosion from investments in land management (Section 4.2) will also impact crop yields. The 
analysis of irrigated and rain fed crops is also produced using the WHAT-IF model presented above for 
hydropower, using the same model setup and assumptions for the baseline and all policy scenarios, 
considering the nexus between agricultural production, water, and energy.

The analysis is done regionally for the main crops in the country, using climate data gathered from the 
Climate Change Knowledge Portal for the years 1995 to 2100 (World Bank 2021). The resulting output 
corresponds to country-scale annual crop production (tons/year), production value (US$/year), and 
yields (ton/ha). Shocks are calculated for each climate scenario for the periods between 2021 and 
2100 relative to a baseline (1995 to 2020). 
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6 Energy, water and 
agriculture: Irrigated 
and rain fed crops
• With adaptation, crop values could increase up 

to 18% between 2021-2035 and 30% between 
2036-2050 in a Resilient Growth scenario versus 
BAU compared to historical yields.

• Resilience can be enhanced through a 
combination of actions including land 
management, crop switching, and higher 
irrigation efficiency.

• While improving yields does not mitigate the 
effects of climate change on relative yields, it 
does ensure that absolute production and 
revenues do not decrease in the future.
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Figure 19 shows the total irrigated and rain fed crop value relative to 2021 over time. Overall, changes 
are positive, reflecting the benefits of increased irrigation. As seen from the BAU trend, there is a risk 
of inaction of up to 25 percent of crop revenues relative to a no climate change scenario (difference 
between bold and thin lines in the 2030s). While this risk still persists under ASP, greater irrigation 
development increases crop revenues 35 percent relative to BAU by 2050 and increases low-end 
scenario revenues to BAU levels. By comparing BAU+ vs BAU and ASP vs RES, the benefit of building 
resilience can be observed from increased revenues while buffering against losses. Resilience can be 
enhanced through a combination of actions including land management, crop switching, and higher 
irrigation efficiency. 

Figure 19. Crop Value Shock Relative to 2021

Notes: Bold line represent average of five climate projections, thinner lines represent 10-year moving averages of individual GCM runs.

The benefits of adaptation are more clearly seen in Table 13, which shows the percent change in total 
crop value relative to the historical climate rather than the 2021 baseline. As seen from the table, both 
BAU and ASP scenarios suffer negatively from climate impacts, both precipitation and temperature. 
However, when considering adaptation, crop values could increase up to 18 percent between 2021-
2035 and 30 percent between 2036-2050. In general, yield improvements are the driving policy 
impacting the agriculture sector. 

Table 13. Change in Total Crop Value Relative to Observed Climate
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BAU 2021-2035 -7.8% -5.4% -9.9% -4.5% -4.3%

2036-2050 -8.5% -5.1% -14.1% 4.4% -4.1%
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BAU+ 2021-2035 11.9% 15.6% 9.2% 16.4% 18.1%

2036-2050 12.5% 19.3% 5.6% 30.6% 21.6%

ASP 2021-2035 -8.1% -5.3% -10.2% -4.4% -4.2%

2036-2050 -8.0% -4.8% -13.3% 4.4% -4.0%

RES 2021-2035 11.2% 15.3% 8.5% 16.1% 17.9%

2036-2050 11.7% 18.1% 5.2% 28.9% 20.2%

Notes: Optimistic wet scenario shows large value reductions, suggesting the 2040s are anomalously dry (scenario selected nationally 
based on 2040-2060 period), or a spatial precipitation pattern that has a negative effect on crop-producing regions.  

In any of the scenarios, irrigation remains a little share of the total cultivated area, and has little 
impact on total agricultural production (for example, stabilizing maize production), but does generate 
additional value through higher-value crops (for example, sugarcane). While improving yields does not 
mitigate the effects of climate change on relative yields, it does ensure that absolute production and 
revenues do not decrease in the future. Among the most important crops, the most impacted crops are 
roots and cassava, partially because of temperature impacts on yields (see Figure 20). 

Figure 20. Climate Sensitivity of Different Crop Yields for the BAU Scenario
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In the BAU scenario, low yield improvement (and moderate development of irrigation to a lesser 
extent), lead absolute yields to decrease significantly (up to -10 percent for Maize, up to -30 percent 
for cotton over a decade) and the total value of agricultural production to decrease in most climate 
scenarios. In the BAU with adaptation scenario, switching of maize area to cassava does increase 
agricultural revenues and reduces the impacts during the extremely dry years. In the Aspirational 
(ASP) scenario, yield improvements mitigate the absolute decrease in yields while not affecting 
the sensitivity to climate impacts (water and temperature impacts on yields). In the Resilient (RES) 
scenario, switching 30 percent of the maize area to cassava does increase agricultural revenues, and 
reduces the impacts during the extremely dry years. The improvement in irrigation efficiency slightly 
limits trade-offs with hydropower generation. 
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7 Energy, water and agriculture:
Livestock yields
• Impacts are lower in the near term, 

but damages to the livestock sector 
could become much larger by late 
century.

• The hot and pessimistic dry scenarios 
show the largest declines in livestock 
production, particularly after 2050 
when yields fall considerably due to 
rising temperatures and increased 
aridity.
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as to compensate for 50 percent of the total feed gap generated by climate change between 2040 
and 2050, and, as crop residues, are established linearly between 2025 and 2040. We assume high-
density fodder banks of jumbay, white mulberry, and quickstick that can generate 4 Mg DM per ha 
with 8.6 MJ per kg of ME (Amole et al. 2022; ILRI 2020). Fodder banks consider installation costs 
of US$300 per ha and operation costs of US$66 per ha (De Montgolfier-Kouèvi 1980). Generally, 
fodder banks are established on degraded farmland for a limited number of years and have economic 
and food security disadvantages for landowners versus cultivating crops. Therefore, we assume 
investments are opportunistic as needs arise, and capital costs are spent every year. 

Based on the total feed production provided from crop residues and fodder banks, the original shocks 
on pastures are mitigated and then aggregated to total livestock revenues based on the share of 
grazing livestock. We assume no mitigation action against heat stress on livestock. 

Results

Summary: Livestock

Output Shock to livestock revenues input into MFMod as a reduction of agriculture 
sector revenues. 

Results by 2050 BAU/ASP: -10% (optimistic dry) to -3% (pessimistic wet) shock.

BAU+/RES: -6% (optimistic hot) to -1% (pessimistic wet) shock.

Figure 22 shows the livestock shock on revenues with and without adaptation under each of the five 
climate change scenarios modeled. While impacts are lower in the near term, damages to the livestock 
sector could become much larger by late century. The hot and pessimistic dry scenarios show the 
largest declines in livestock production, particularly after 2050 when yields fall considerably due to 
rising temperatures and increased aridity. As of 2050, these scenarios and the optimistic dry each 
show an approximate 8-10 percent loss relative to baseline production levels (see Table 16). The wet 
scenarios show less impact at approximately 3-4 percent losses by 2050. Adaptation could reduce the 
shock from climate change to about half or less, with benefits being slightly more limited under the 
worse (pessimistic hot) scenario. 

Note that there are only two policy scenarios for livestock - with and without adaptation. These are 
translated to four scenarios through MFMod by considering a reduced size of the livestock sector in 
the economy.   

Figure 22. Livestock Revenue Shocks
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Table 16. Change in Livestock Revenues between 2041-2060, Relative to Baseline 

Values Optimistic 
wet

Pessimistic 
wet

Optimistic 
dry

Pessimistic 
dry

Pessimistic 
hot

Without adaptation -4.2% -3.1% -10.3% -8.0% -9.9%

With adaptation -1.5% -1.1% -5.0% -4.3% -6.1%

4.3.4 Water Supply and Sanitation

Water-borne diseases negatively affect Malawi’s economy by reducing labor supply and productivity, 
reducing educational attainment, and increasing health care expenditures. The CCDR Macro modeling 
exercise has focused on assessing potential climate change impacts on macro-economic growth. 
Yet, development policy initiatives in WASH can impact the socio-economic structure of the country 
and influence the nature and severity of potential climate change impacts. This section presents the 
analytical approach for estimating the impact of development investments on the macroeconomy 
through changes to human capital and savings in health care expenses. The quality of WASH 
infrastructure can indirectly have macroeconomic effects by impacting human capital. Specifically, 
investments targeting WASH infrastructure can lead to reduced diarrhea cases, stunting levels, and 
related mortality. The quantification of these impacts is based on the diagram in Figure 23.

Figure 23. WASH – Health Conceptual Framework
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Source: World Bank 2018

This assessment considers two policy scenarios that explore the benefits of enhanced investment in 
addressing this development challenge: (1) Business-as-Usual (BAU), where the current negative trend 
continues, and (2) an aspirational growth (ASP) scenario where investments on increased population 
coverage of water supply, sanitation, and hygiene (WASH) infrastructure reduce the incidence of 
stunting and water-borne disease.

Step 1. Identify the Policy Scenarios

Access to basic water in Malawi increased from 62 percent in 2010 to 69 percent in 2017, while 
sanitation access has slightly improved from 21 percent in 2000 to 26 percent in 2017. Between 
2000-2015, the rate of open defecation declined from 16 percent to 4 percent, largely due to the 
2008 Community Led Total Sanitation Program (World Bank 2020a).
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8 Energy, water and agriculture:
Water supply and sanitation
• Every US$1 of spending on WASH 

coverage yields approximately US$3 
in benefits.

• Total benefits can reach US$600 and 
US$1,200 million by 2050 under BAU 
and ASP respectively.

• Total annual net benefits (that is, 
benefits minus costs) under ASP are 
US$850 million versus US$380 million 
under BAU.
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Figure 25. WASH Investments Benefits and Costs [Millions of 2021$]
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4.4 Infrastructure 
This section presents the analytical approach to estimating the climate change impacts on cities 
from irrigation, urban flooding; roads and bridges from temperature, precipitation, and flooding; and 
hydropower from changing streamflows and water use in the Zambezi watershed.

4.4.1 Inland Flooding

Flooding events disrupt daily life and cause damage to infrastructure and physical capital. Climate 
change may exacerbate flooding by increasing the intensity and duration of storm events. The 
methodology considers developing shocks to two types of capital, agricultural and built-up (that is, any 
hard piece of infrastructures such as roads, bridges, and buildings); as well as losses in agricultural 
productivity due to flooding.7

This analysis relies on projected changes in the return interval of precipitation events from the World 
Bank’s Climate Knowledge Portal (CCKP) for current conditions and future projections, which we 
translate to runoff using a flooding model. CCKP provided gridded changes in precipitation recurrence 
intervals for four periods (2010-2039, 2020-2049, 2036-2065, and 2071-2100) and under two 
emissions scenarios in the CMIP5 climate model ensemble: RCP4.5 and RCP8.5. We characterize 
these emissions scenarios as “optimistic” and “pessimistic”, respectively, from a mitigation 
perspective. The two sets of changes from CCKP are developed from the full ensemble of GCMs within 
each emissions scenario, so the flooding results reflect the broad trend across climate models at each 
emissions level, rather than the projection of any one model that may be “dry” or “wet”. 

7 Note that the transport channel also captures flooding impacts to culverts and bridges, so there may be some overlap between the 
impacts presented in these two channels.  



9 Infrastructure:
Inland flooding
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We then estimate the value of each asset using high-resolution spatial distribution data coupled with 
gridded value data. The spatial distribution of assets is estimated using the Copernicus Fractional 
Land Cover dataset (Buchhorn et al. 2020), which indicates the percentage of built-up and agricultural 
land cover at a 100m resolution for 2019. For built-up capital, we distribute gridded GDP data at a 
9-km resolution from Kummu et al. (2018) using the Copernicus dataset. Similarly, for agricultural 
capital, we rely on gridded data on the value of crop production from the FAO Global Agro-Ecological 
Zones project (GAEZv4) (Fischer et al. 2021) and distribute it using Copernicus agricultural lands. 
Lastly, for agricultural land, no unit values are considered, hence we assume all land is valued equally. 
We then intersect asset value with floodplains to calculate exposure, which is then allocated to high-
resolution catchments data from the HydroATLAS global data set (Linke et al. 2019). 

Figure 27 illustrates the spatial resolution of the analysis described above for built-up capital in the 
region surrounding Salima. Floodplains are presented in dashed blue lines. Catchments for which the 
calculation of changes in recurrence interval is done are shown in pink. Built-up capital concentration 
is presented as a footprint that ranges from no capital (light red) to high density (dark red). Areas in 
white indicate a grid with no GDP data. 

Figure 27. Illustrative Example of the Resolution of the Flooding Analysis in the Salima District

Step 2. Estimate expected percentage damages to assets from design flood events. 

Next, we estimate the percent damage to the share of exposed assets within each basin for eight 
design flood events (i.e., 1-, 5-, 10-, 20-, 50-, 100-, 500-, and 1000-year events) following the approach 
in Huizinga et al. (2017). The share of exposed assets in Malawi resulting from the previous step are 
11 percent for built-up capital, 12 percent agricultural capital, and 10 percent agricultural land. 

The calculation of damages employs a logarithmic damage curve for flood events that start from 
zero percent damage for the “0-year” event, up to a maximum damage reached during a 200-year 
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accelerated investment in clean cooking, reducing demand for fuelwood from the landscape by 45 
percent, and better targeting of land restoration efforts to ensure that restoration actions are robust to 
changing climate conditions. 

Adaptation to flooding hazard is then modeled through land restoration interventions nationwide, 
which improve soil conditions and infiltration capacity, leading to reduced runoff peaks. Given the large 
scale of the land restoration activities, no further adaptation measures were considered for flooding.

Results

Summary: Inland flooding

Output Shocks to capital (agriculture and others) that go directly into MFMod as an 
impact on capital. Agricultural land shock is input as a TFP loss in agriculture.

Results by 
2050 (based 
on a 10-year 
storm)

BAU: -24% shock in the pessimistic to -14% in the optimistic scenario for all 
capital. -21% to -11% for agricultural land.
ASP: -9% (pessimistic) to +1% (optimistic) for all capital. -7% to +3% for 
agricultural land.
BAU+: -12% (pessimistic) to -2% (optimistic) for all capital. -11% to -1% for 
agricultural land.
RES: -6% (pessimistic) to +4% (optimistic) for all capital. -5% to +5% for 
agricultural land.

By 2050, losses in all assets are expected to greatly increase due to higher recurrence of flooding 
events throughout Malawi. Figure 29 illustrates these results for built-up capital under a 10-year flood 
(results are consistent across all three assets modeled). Under an optimistic scenario, total losses 
due to flooding in the country could increase by almost 15 percent by 2050, and almost 25 percent 
under a pessimistic scenario. Both adaptation (as shown in BAU+ and RES scenarios) and aspirational 
growth trajectories can reduce future losses by 50 percent and more by mid-century, even resulting 
in positive gains under an optimistic climate. While the benefits of land management take time to 
occur (that is, no benefits yet by 2025), these investments need to start now in order to see results by 
mid-century. That said, as seen in the figure, the ASP growth trajectory achieves most of the positive 
outcomes without additional resilience considerations. 

Figure 29. Increase in Built-Up Capital Asset Loss Resulting from A 10-Year Flood
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• Continued land degradation would 
increase the damage to infrastructure 
from inland flooding by as much as 25 
percent by 2050.

• A strong commitment to landscape 
restoration (as seen in the ASP and 
RES scenarios) can reduce future 
losses by 50 percent and more by 
mid-century, even resulting in positive 
gains under an optimistic climate.



10 Infrastructure:
Urban flooding
• The climate effects on urban flooding are 

quite modest, with only a 4 percent and 
2 percent increase in flood damage by 
2050 in Lilongwe and Blantyre, 
respectively, under the pessimistic 
climate scenario.

• Considering urban area growth in 
Lilongwe, the 2050 scenario shows a 
notable change in the total damage 
values, roughly four times baseline, 
indicating more uncertainty in urban 
growth than in variability across climate 
models.
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the time evolution of the infiltration capacity for the soil types identified, hourly infiltration rate capacity 
maps were derived using soil type classification. Average infiltration values for non-urban areas for 
Malawi adopted for both Blantyre and Lilongwe start at 100 mm/hr and drop to 60 mm/hr after 3 

hours. For urban land use, a constant infiltration rate of 10 mm/hour is applied.

Land cover: A spatial roughness raster is produced using Manning’s n values for three land cover 

types. For cultivated areas, farms, and areas with moderately dense vegetation, a Manning’s n value 

of 0.035 is used. For bare soil land and urban areas, an average Manning’s value of 0.025 and 0.015 

are applied respectively.

Step 2: Hydraulic Modeling and Flood Hazard Mapping

The hydraulic model has been developed using a public domain dynamic flood model Itzï, which is 
a fully distributed hydrologic and hydraulic model that is able to simulate hydrological processes 

like rainfall and infiltration, 2D surface flows on a grid using simplified shallow water equations, 1D 
drainage flow via the SWMM model, and bi-directional coupling between the drainage and the surface. 
For this study, due to the lack of drainage networks in the cities, the hydrologic and 2D surface flow 
modules were used to model flood extents corresponding to climate change and land use scenarios. 
The model was calibrated by adjusting infiltration and curve number coefficients by comparison of 
flood extent from historical recorded flood events. 

Flood hazard maps were produced for the various scenarios according to the steps above. The output 

of the model includes hourly raster maps of the depth and velocity of flooding. Figure 30 shows the 
simulation results for Lilongwe, indicating the flood extent and distribution of flooding across the city 
for storm events of 50 and 250 mm. Flood depth results of the analysis include both pluvial and fluvial 
flooding. Fluvial flooding (that is, flooding that comes from the rivers and streams that run through 
the city) is more pronounced in Lilongwe as can be seen from the figure. Risk of fluvial flooding shows 
higher depth for scenarios with expanded urban growth. This is a result of reduced infiltration capacity 
in upstream catchments resulting in higher flood peaks.

Figure 30. Flood Inundation Results for Lilongwe for 50 (left), 100 (center), and 250 mm (right) Storms 

Note: corresponding to BAU 2050 Urban Land use expansion

Results from the business-as-usual urban expansion scenario, BAU 2050, are used to produce a flood 
risk map of Lilongwe. Figure 31 shows this map for the selected extent within the current city limit.  
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Figure 31. 20 Meter Resolution Flood Risk Maps for 1000-Year Return Period 250 mm Storm Depth 
in Lilongwe

Both pluvial and fluvial flood processes are observed in Blantyre. The north-western side of the 
city limit, Michiru and Likhubula Wards, is more prone to fluvial floods, while in the central wards, 
Mzedi, Ndirande, and Bangwe, pluvial flood is more predominant. Local landcover changes such 
as deforestation on Ndirande hill could increase flood risk in downstream populated areas in the 
Ndirande Township as can be shown in Figure 32.

Figure 32. Flood Inundation Results for Lilongwe for 100 (left) and 450 mm (right) Storms

Note: corresponding to BAU 2050 Urban Land use expansion

Results from the business-as-usual urban expansion scenario, BAU 2050, are used to produce a flood 
risk map of Blantyre city. Figure 33 shows this map for the selected extent within the current city limit.  



11 Infrastructure:
Roads & bridges
• Baseline capital and operation & 

maintenance spending is approximately 
US$100M per year.

• Under BAU, these costs can increase 
between 50% and over 100% by 2050 for 
most climate scenarios. By 2100, it can rise 
above 200%.

• Aspirational growth shows higher spending 
than BAU+ and RES to medium-term 
damages. Yet this trajectory does avoid 
significant damages towards late century.

• A resilient growth scenario that includes 
adaptation (RES) could bring down 
incremental costs to nearly zero. Malawi CCDR: Sectoral Impacts of Climate Change | 69

standards, as well as construction costs. New road infrastructure is constructed to resist high levels 
of temperature and precipitation, as well as the magnitude of a future 50-year flooding event, once 
existing infrastructure reaches its end of life or needs rehabilitation after climate thresholds are 
exceeded.

Results

Summary: Roads and Bridges

Output Changes in expenditures on road and bridge repair, as well as effects on labor 
productivity due to delays, were input into MFMod.

Results by 2050 BAU: Between +45% (pessimistic wet) and +110% (optimistic dry) increase in 
capital and O&M spending.

ASP: Between +20% (pessimistic hot) and +52% (optimistic dry) increase in 
costs.

BAU+: Between +30% (pessimistic dry) and +65% (optimistic dry) increase in 
costs.

RES: Between +10% (pessimistic dry) and +30% (optimistic dry) increase in 
costs.

Figure 35 shows the increase in capital and O&M spending for the modeled scenarios, relative to a 
baseline of approximately US$100M per year based on World Bank estimates (Foster and Shkaratan 
2011). Under the BAU scenario, these costs can increase between 50 percent and over 100 percent 
by midcentury for most climate scenarios. By 2100, spending can rise above 200 percent. While 
aspirational growth shows higher spending than scenarios with adaptation (BAU+ and RES) to 
medium-term damages, this trajectory does avoid significant damages towards late century. That said, 
a resilient growth scenario that includes adaptation could bring down incremental costs to nearly zero. 

Figure 35. Increase in Capital and O&M Spending due to Climate Change, Relative to Historical 
Spending
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Where to invest in 
improving Malawi’s 

natural capital?



Poverty
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Impacts of policy scenarios on rural poverty 

Rural poor with improved land
condition

Rural poor with no change

Rural poor with degraded land
condition

• Improved land condition can enhance 
climate resilience for rural persons 
living in poverty.

• Continued land degradation would 
increase the number of rural poor 
living on degraded land to over 
3.7M, adding to climate vulnerability.

• A strong commitment to landscape 
restoration can reduce this number 
10x, and improve land condition for 
over 6.7M people living in poverty.



Benefits of ecosystem-based landscape 
assessment for designing projects

• Moving from problem-based to solution-based targeting makes investments more 
effective and sustainable

Problem-based
Targeted to degradation + 

erosion hazard

Solution-based
Potential to improve ecosystem 

services with restoration

Activity

Watershed Investment
Forest Protection
Forest & Land 
Restoration



Targeting 
sustainable land 
management in 
a Resilient Growth 
scenario

Activity

Watershed Investment (MWASIP I)

Forest Protection

Forest & Land 
Restoration

Watershed Investment (MWASIP II)

Investments in Forest & Landscape 
Restoration by 2050



• Halting and reversing land degradation in the country will promote 
development outcomes, reduce the risk of damage to infrastructure 
and strengthen climate resilience.

• While the benefits of investing in natural capital take time to realize, 
these investments need to start now in order to see results by mid-
century.

• Assessing and tracking the stocks of Malawi’s natural capital through 
time can provide critical information to target strategic investments in 
land management across sectors: environment, agriculture, energy, 
and infrastructure. 

Conclusions



Thank you

Questions?
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