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INTRODUCTION

The Climate and Disaster Risk Assessment Landscape
Series by the Global Risk Modelling Alliance (GRMA) aims
to provide a summary of available climate and disaster
risk analysis and information in GRMA partner countries.
Each publication summarises, for one country, the
availability of global and local sources of data, models and
risk estimates, climate change analysis and impacts, and
highlights gaps in risk information at the time of writing.

The review of Madagascar was conducted as part of the GRMA programme in Madagascar. In 2023,
the Madagascar Cellule de Prévention et Gestion des Urgences (CPGU) as the focal point. In the
first phase, the GRMA has provided EUR 1 million in support of priorities that were co-defined in
partnership with CPGU and the Madagascar GRMA Technical Working Group. Over the period of
September 2024 to January 2026, the GRMA programme has provided models, data and capability
development in the following areas:

« National Multi-Hazard Risk Assessment: A nationwide initiative to develop a detailed risk profile
at the commune level, incorporating future climate and socio-economic scenarios. The project
includes the development of hazard models, exposure datasets for key sectors, and vulnerability
assumptions.

» Risk Data Platform Enhancement: Strengthening Madagascar’'s GeoNode platform to serve as a
centralised, open-access repository

A more detailed description of GRMA’s work with Madagascar can be found in the project brief here.
GRMA work is expected to continue in a second phase with work on macro-economic impacts,
floods induced by tropical cyclones, and climate migration. This work was also used as a basis for
the risk assessment chapter of the Global Shield Stocktake and Gap Analysis report , reaffirming the
critical importance of climate risk analytics in laying the foundation for climate and disaster risk
finance and management in a country. The GRMA is a key expert resource and partner initiative to
the Global Shield.
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[1] More information on the Global Shield against Climate Risks initiative and its in-country programme, including the full stocktake and gap analysis of the
CDRFI landscape in Madagascar, can be found on the respective country page here. This country brief may include supplemental information to the Global
Shield Stocktake.


https://www.globalshield.org/projects/madagascar/
https://grma.global/resource-centre/countries/madagascar/

COUNTRY CONTEXT

Madagascar is one of the countries that is most vulnerable to climate change due to its location; the
island nation is situated in the southwestern Indian Ocean, off the south-eastern coast of the African
continent. The country is exposed to various climatic hazards and geological phenomena, such as
tropical cyclones, floods, drought, landslides, earthquakes, and coastal erosion. The effects and
impacts of these hazards often compromise the achieved progress and are a significant brake on
sustainable development (ISF 2023). The population of Madagascar is 30.32 million for 2023, with
over 80 % of people living in poverty (World Bank Data Catalog). GDP in 2021 was USD 14.47 billion
in an agricultural-based economy where subsistence farming is the primary activity (64 % of the
population are employed in the agricultural sector).

The location and topography of Madagascar results in distinct regional climates within the country
and influences the distribution of climate hazards. In the south-west the climate is arid to semi-arid,
while the eastern coastline facing the Indian Ocean has a tropical climate. The central highlands,
including where the capital Antananarivo is located, have moderate temperatures. A single rainy
season occurs in Madagascar during November to April; highest annual rainfall occurs on the east
coast, and the lowest annual rainfall totals in the southwest. Southern Madagascar region is facing
the most severe climate challenges, including chronic drought and food insecurity. The ongoing dry
conditions make it extremely difficult to sustain agricultural productivity. Whereas, Eastern and
Coastal Regions are at risk from cyclones, flooding, and sea-level rise, which threaten livelihoods
and infrastructure, including vital transport routes and ports.

Risk indexes such as INFORM (JRC 2024) and the World Risk Report 2024 provide a high-level view
of risk relative to other countries in the region, and some information on the general drivers of risk.
INFORM ranks Madagascar 39" out of 191 countries, with ‘High’ overall risk and for hazard, exposure
considered to be ‘medium’; for vulnerability ‘high’; and lack of coping capacity to be ‘very high'.
Whereas, in World Risk Report, hazard-specific risk is assessed ranging from 0 to 10 (10 being very
high risk) with riverine flood 6.5, drought 10.0, coastal flood 7.3, and cyclonic wind 9.1. The World
Risk Report ranks Madagascar's risk overall ‘very high’ with ‘medium’ exposure and ‘very high’
vulnerability. Out of 193 countries, Madagascar occupies the 17" place.

A review of historical disaster data, available for the period 1964-2024 in the EM-DAT catalogue
(EM-DAT CRED) shows 102 recorded natural disaster events. 69 % were classified as storms, 11 %
as floods, 10 % as droughts, 8 % as epidemics, 2 % as infestations and 1 % as mass movements.
Accordingly, 52 % of the people affected by these disasters were impacted by storms, while 35 %
were affected by droughts. Another valuable resource is the Deslnventar database, a disaster
information management system from UNDRR, which contains records from 1982 to 2018. In this
dataset, 42 % of recorded disasters are floods and 29 % are epidemics.

There is no clear trend in population affected by storms over time in the EM-DAT data, with the
population affected by individual storm events around or below 0.5 million, except in 2000 and 2004
(1 million) and in 1972 (2.5 million). However, total damages (adjusted for inflation) in individual
events appear to have decreased. In 2004 a tropical cyclone caused USD 390 million in damage, but
the five events with higher estimated damage (adjusted) all occurred between 1977-1986. Four
droughts have each affected over 1 million people - in 1981, 2016, 2017 and 2020. In 2010 a locust
infestation affected 2.3 million people. In addition, the country’s risk management challenges are
coupled with development challenges in terms of poverty, food security, spread of diseases and
demographic growth. In 2022, the island witnessed the first climate change famine declared by the
UN. In the regions that are the most prone to famine, 97 % of the population are classified as “very
poor” (Ralaingita et. al. 2022) and 67,5 % are in continuous undernourishment (Razanakoto 2017).



The information provided serves as a helpful reference, but historical disaster records are often
incomplete due to short recording periods and gaps in capturing the full extent of impacts. This
insufficiency can distort the perceived frequency and severity of events, leading to an incomplete

understanding of risk.

Table 1. EM-DAT Catalogue 1964 - 2021 Madagascar

Disaster type Subtype Event count |Total Deaths Total Affected Total Damage
(US$)

Storm Tropical cyclone |70 3,128 11,372,898 6,384,615

Drought Drought 10 200 7,615,290 0

Infestation Locust infestation |2 0 2,300,000 6,644

Flood Flood (General) 6 84 218,583 0

Epidemic Viral disease 6 1,011 124,656 0

Flood Riverine flood 3 45 82,987 248,454

Flood Coastal flood 1 7 33,000 0

Flood Flash flood 1 26 24,000 0

Epidemic Bacterial disease |2 981 18,228 0

Mass movement Rockfall (dry) 1 16 10 0

Total 102 5,498 21,789,652 6,639,713




GENERAL OVERVIEW OF AVAILABLE
RISK INFORMATION FOR MADAGASCAR

There have been many studies that have focused on key climate and disaster risk in the region. A
World Bank study (World Bank 2020) examined Madagascar's vulnerability to climate change,
focusing on extreme weather events like cyclones, floods, and droughts. It also provided
recommendations on integrating climate risk into development planning and increasing resilience in
key sectors, such as agriculture, infrastructure, and health. UNDP in 2016 explored the specific
impacts of climate change on Madagascar's ecosystems, biodiversity, and communities that
highlights vulnerabilities, especially in agriculture and coastal areas, and discusses adaptation

strategies to mitigate risks. Some of the key studies for Madagascar are outlined in Table 2.

Table 2. Summary of ongoing activities and the sector of application/coverage.

Institution Target sectors and provinces CRA activities
GRMA/AXA » National » Developing a multi-hazard risk profile for
Climate e Commune level eight hazards (Riverine flood, drought,
consortium Target Sectors tropical cyclone, landslide, coastal
» Population/livelihood erosion, wildfire, sandstorm, pests)
» Built environment » Establishing a single national database to
» Agriculture (rice, maize, better manage and exploit data on risk
cassava, groundnut, cattle) components, damage and loss.

« Planned activities: macroeconomic
modelling, cyclone induced flood hazard
simulation and internal displacement
modelling

African Risk e South MDG « Impact estimation of upcoming / current
Capacity (ARC) disasters

« Capacity building via Cellule de
Prevention et de la Gestion des Urgences
(CPGU) and Technical Working Group

WBG » National » Workshop with DGM - sector
» Min. of Economy & Finance interventions to address flood and
- DGM drought risk
WFP o Multiple » Several tools for CRA in use
Glz » South MDG » Assessing climate impacts on groundnut
« Agriculture production
START Network | « Humanitarian o Locally led action with multiple NGOs
e FOREWARN
UNDP « National « Country diagnostics commissioned by
Milliman for UNDP
FEWSNET e Humanitarian response  Principal provider of Drought Early
» Partner of DGM Warning System
UNDRR » National » Collating disaster/ climate-related data in
the RiX system
Map Platform » National » Building understanding in risk financing as
CARE « Civil society, universities, part of DRM, as well as gender equality

private sector, government

Compiled by Global Risk Modelling Alliance - GRMA 2023

and human rights



In 2016, GFDRR in collaboration with Verisk (then AIR Worldwide) conducted a risk assessment in
the context of the regional Southwest Indian Ocean Risk and Financing Initiative (SWIO-RAFI) study.
A disaster risk profile was produced for Madagascar using a catastrophe model and combining
global and regional data with available local information. The study estimated that on average
Madagascar could suffer direct losses of USD 100 million annually due to the combined effects of
tropical cyclone, flood, and earthquake. USD 87 million is due to tropical cyclone and USD 13 million
due to floods. Droughts were not considered in this risk assessment. The estimated 1-in-10-year
loss (an event with a 10 % chance of occurring in a given year) was almost USD 200 million and the
1-in-100-year cyclone (1 % annual probability) USD 810 million — with most impacts in the eastern
and northern areas. In contrast, there is a 1 % annual probability of direct flood loss exceeding USD
120 million. It is worth noting that this analysis is based on the current climate not considering the
effects of climate change over the next decades.

In 2020, CPGU published a new risk atlas “Atlas des risques climatiques de Madagascar”, which
presented the distribution of hazard and risk from cyclones, floods, coastal erosion and coastal
flooding, and drought. The risk atlas syntheses information from earlier studies to inform local and
national authorities, planners, donors, and civil society. The risk atlas includes presentation of
georeferenced digital data in the open-source mapping software QGIS. Other notable sources of
climate risk information are provided by USAID (2016, 2018) and GFDRR (2011).

In 2022 IMF conducted climate macro-economic assessment that was published as a technical
assistance report for Madagascar, under the IMF Climate Macroeconomic Assessment Program
(CMAP). The report summarised the situation around climate policies and strategies in Madagascar.
Some key points from the IMF CMAP include: 1) key climate policies and strategies are in place and
linked to development goals and the government’s National Determined Contributions (NDC), which
are being updated. Climate change is not mainstreamed into sectoral strategies, and while some
sectors have standalone documents on climate change there is limited understanding of climate
change impacts at sector level; 2) Land use and building regulations promote resilience to climate
risk but there is a lack of capacity to implement these; 3) In the National DRM strategy there has
been progress, but gaps remain on disaster risk assessment, which could be integrated into budget
process to account for fiscal risks and into fiscal mechanisms that are in place for shocks, but
domestic resources remain small; 4) Under the National Adaptation Plan (NAP): investment and non-
fiscal measures were proposed for key sectors, but not sufficient to fulfil adaptation needs.
Proposed measures could reduce disaster risk and bring economic and environmental benefits.
Public Financial Management and Public Investment Management efforts could increase their focus
on climate; 5) Lastly, there was a priority given to increase transparency on macroeconomic and
fiscal information related to climate, as a basis for planning/managing public resources.

In December 2022, Oriental Consultants Global Co. Ltd. delivered to CPGU a provisional version
DRFI strategy, La stratégie de financement de la gestion des risques et des catastrophes de
Madagascar (SFGRC), under the African Disaster Risk Financing or Programme de Financement de
la Gestion des Risques et des Catastrophes en Afrique (ADRIFI) project. It had several objectives
including: 1) promotion and implementation of adequate financing mechanisms for multi-hazard risk
reduction and climate change adaptation; 2) development of a mechanism for disbursing CRM
funding under better conditions; 3) improving multi-hazard governance for multi-sectoral resilience
to rebuild better; 4) identification of appropriate funding needs at all levels, including community and
gender, to reduce multi-hazard risks and vulnerability factors over the long term; and 5)
strengthening the mechanism of involvement and support for financing directed towards
decentralised territorial authorities and technical services to strengthen local resilience.

The CPGU, along with BRGM, has engaged the Regional Integrated Multi-Hazard Early Warning
System (RIMES) to prepare, with the General Directorate of Meteorology (DGM), information on
observed climate trends and new climate change scenarios for Madagascar at the national and
regional levels. It is called the Pilot Program for Climate Resilience (PPCR), which also includes
development of the Madagascar Climate Risk Atlas referred to above.



CLIMATE CHANGE ANALYSIS

Overview

Madagascar is experiencing significant climate shifts, including rising temperatures, changing
rainfall patterns, and more extreme weather events such as droughts, floods, and cyclones. In the
PANA report, the different models used (HadCM2, CSIRO-TR, ECHAMA4) to estimate the evolution of
climate parameters by the end of the century show a notable increase in average temperatures of
2.5°C to 3°C across the country, along with a reduction in average annual precipitation. This
includes a very marked decrease during the dry seasons (April -May) and increase during rainy
season (Dec-Jan-Feb), except in the southern part of Madagascar, where rainfall is expected to
remain the lowest. Climate change will predict a significant increase within 50 years and even more
so after 100 years. According to estimates from the IPCC WGI Interactive Atlas, average
temperatures have been steadily increasing across the country, a trend that is expected to continue
in the future, whereas precipitation has more regional and seasonal variability, but winter and spring
rainfalls have been decreasing in most places. By mid-century dry spells are expected to expand
further while annual precipitation is not expected to decline much.

According to climate risk profile created by PIK in 2021, air temperature over Madagascar is
projected to rise by 1.5 to 3.2 °C (very likely range) by 2080 relative to the year 1876, depending on
the future GHG emissions scenario. Compared to pre-industrial levels, median climate model
temperature increases over Madagascar amount to approximately 1.6 °C in 2030 and 1.8 °C in both
2050 and 2080 under the low emissions scenario Representative Concentration Pathways (RCP)
2.6. Under the medium / high emissions scenario RCP 6.0, median climate model temperature
increases amount to 1.5 °C in 2030, 2.0 °C in 2050 and 2.8 °C in 2080.

According to Cronauer et. al. 2024, regionally, climate change is projected for six regions Androy
and Anosy (south), Atsimo Atsinanana (south-east) and Fitovinany, Vatovavy and Atsinanana (east)
in the country. All climate change scenarios project significant increases in temperature over all
regions during the 21st century. This is evident in all analysed scenarios, albeit to different degrees.
Under the low emissions scenario SSP1-RCP2.6, the multi-model ensemble means (MMEM)
indicates a projected increase in temperature of around 0.7°C until 2030 compared to pre-industrial
levels and a projected stabilization of mean annual temperatures around 23°C in the late 21st
century. Under SPP3-RCP7.0, the medium to high emissions scenario, temperatures are projected to
continually increase through the 21st century. By 2030, mean temperature projections show an
increase of around 0.8°C. Until 2050 projected temperature increase already reach 1.5°C. By then
end of the century, mean annual temperatures are projected to be around 25°C. A steep increase in
projected temperature can be observed under the high emissions scenario, SPP5-RCP8.5, resulting
in a projected increase of mean annual temperature of 1.6°C until 2050, and a mean annual
temperature of almost 26°C by 2100. Precipitation trends are much more variable and more
uncertain than temperature projections. Nonetheless, a decline in annual precipitation is projected,
especially during the period around 2050 (2035-2064) and in medium-to-high and high emissions
scenarios.

Future projections of precipitation are less certain than projections of temperature change due to
high natural year-to-year variability. Out of the four climate models underlying this analysis, two
models project a decrease in mean annual precipitation over Madagascar and two models project
little change. Median model projections show a precipitation decrease of 114 mm per year by 2080
under RCP6.0, while median model projections for RCP2.6 show a decrease at the beginning of the
century, which settles at a decrease of 47 mm by 2080 compared to year 2000. Higher greenhouse
gas emissions suggest an overall drier future for Madagascar. Rainfall will reduce overall, particularly
during the dry season and in inland areas, and increased amounts of rain will fall during the rainy
season (December — February) by 2065. Projected changes in rainfall are less certain for the north,
with some models suggesting drier conditions and others suggesting wetter conditions.



In response to globally increasing temperatures, the sea level off the coast of Madagascar is
projected to rise. Until 2050, very similar sea levels are projected under both emissions scenarios.
Under RCP6.0 and compared to year 2000 levels, the median climate model projects a sea level rise
by 11 cm in 2030, 22 cm in 2050, and 43 cm in 2080. This threatens Madagascar's coastal
communities and may cause saline intrusion in coastal waterways and groundwater reservoirs.
However, projections for annual mean soil moisture values for the topsoil (from the surface to a
depth of 1 metre) show a slight decrease under RCP2.6 and a stronger decrease of 5 % under
RCP6.0 by 2080 compared to the year 2000. However, looking at the different models underlying
this analysis, there is large year-to-year variability and modelling uncertainty, with some models
projecting a much stronger decrease in soil moisture. In a nutshell, studies show a general increase
in average temperatures across the country, with more pronounced warming in coastal regions.
Rainfall has become increasingly erratic, with some areas experiencing prolonged droughts, while
others suffer from intense rainfall leading to flooding. Rising sea levels and coastal erosion are
particularly threatening to low-lying coastal areas, affecting communities, agriculture, and
infrastructure.

Climate change impacts

Climate change is having significant impacts across multiple sectors in Madagascar. The sectors
most affected include:

The sensitivity of the crop production sub-sector shows that drought, severe water deficit and
floods and other excess water in the soil, associated with the variability of rainfall and the
irregularity of rainy seasons disrupting the agricultural calendar, are the climatic risks having the
greatest impact on the livelihoods of the agriculture sector. The most exposed are farmers, livestock
breeders and fishermen. Anthropogenic pressures, poor management of water resources and
severe erosion of slopes further accentuate the phenomena. The vulnerability of the system is due
to the drying up of the majority of rivers and streams, a consequence of environmental degradation
associated with accelerated erosion and deforestation.

Climate change is expected to decrease agricultural production through three channels: 1) the loss
of cultivable land because of erosion, more intense rainfall, cyclones, and floods (Llopis 2018); 2) a
decline in land productivity due to more severe drought and drought-induced pests including locust
outbreaks; and 3) the loss of labor productivity caused by extreme heat (Rakotondravony et. al.
2018). Faced with the effects of climate variability which is aggravated by the degradation of the
physical environment and the socio-economic context, rice growing is experiencing a rather
worrying vulnerability, especially in the Alaotra region. The production per capita in the region fell
from 1.2 t/inhabitant in 1975 to 0.6 t/inhabitant in 1999. Climate variability, combined with other
factors such as deforestation by bush fires and the practice of slash-and-burn agriculture, has
significant consequences in the field of agriculture and livestock farming, in particular the lack of
water control over most areas. Landlocked, the upheaval of the agro-climate, the loss of soil fertility,
the decrease in agricultural productivity, the impoverishment of biological diversity, the insufficiency
of security food, migration and insecurity, in general, are some of the consequences.

Smallholder farmers in Madagascar are increasingly challenged by the uncertainty and variability of
weather caused by climate change (Harvey et. al. 2014). Since crops are predominantly rainfed,
yields highly depend on water availability from precipitation and are prone to drought. Both the
length and the intensity of the rainy season are becoming more and more unpredictable, and the
availability and use of irrigation facilities remains limited: In 2013, only 60 % of the estimated
irrigation potential of 1.5 million ha (42 % of total national crop land) was equipped for irrigation.



Constraints to the implementation of adaptation strategies usually include limited access to
technical equipment, formal credit and extension services. The main irrigated crop is rice, and while
temperature increases could be beneficial where low temperatures are currently a limiting factor to
the growth of rice, prolonged periods of high temperatures in combination with strong winds could
as well have devastating impacts on rice yields (Gerardeaux et. al. 2011). Drier conditions also
facilitate the spread of invasive species including the fall armyworm, which caused a yield loss of 47
% for maize in Madagascar in 2018 (FEWS NET 2020).

Currently, the high uncertainty of projections regarding water availability translates into high
uncertainty of drought predictions. According to the median over all models employed for this
analysis, the national crop land area exposed to at least one drought per year will increase from 0.4
% in 2000 to 1.4 % and 2.6 % in 2080 under RCP2.6 and RCP6.0, respectively. Under RCP6.0, the
likely range of drought exposure of the national crop land area per year widens from 0.04-0.8 % in
2000 to 0.9-6.5 % in 2080. The very likely range widens from 0-1.4 % in 2000 to 0.4-9 % in 2080.
This means that some models project a tenfold increase of drought exposure over this time period
(PIK 2021).

In terms of yield projections, model results indicate a negative trend for cassava and maize under
both RCPs. By 2080, compared to the year 2000, yields of cassava and maize are projected to
decrease by 3.8 % and 2.7 % under RCP2.6, and by 2.6 % and 2.8 % under RCP6.0. Yields of rice
and sugarcane, on the other hand, are projected to increase by 2.7 % and 9.7 % under RCP6.0 and
to not change under RCP2.6. Although some yield changes may appear small at the national level,
they will likely increase more strongly in some areas and, conversely, decrease more strongly in
other areas as a result of climate change impacts.

About 62 % of Madagascar’s population lives in rural areas, where they rely mainly on subsistence
agriculture. Smallholder famers are, however, particularly vulnerable to climate shocks due to
dependence on rainfed agriculture, limited land area for growing crops and lack of access to
resources and finance to prepare for and cope with extreme events (Harvey et. al. 2014) On one
hand, crops may respond positively to elevated CO2 concentrations due to climate change, but on
the other hand, increasing variability of rainfall, increasing temperatures and more frequent and
intense extreme events like cyclones and droughts can reduce agricultural production (Gachene et.
al. 2015). Under drier conditions, the proliferation of pests is exacerbated. A notable occurrence in
2021 was the outbreak of migratory locusts, which inflicted damage on over 48.000 ha of land in the
south of the country. Additionally, an outbreak of fall armyworms led to crop losses of up to 60 % in
severely affected areas (OCHA 2021): Using a multi-model analysis, Tomalka et. al. (2021) found
that the proportion of crop land in Madagascar affected by at least one drought per year is
projected to increase. While 0.4 % of the national cropland areas was affected in 2000, it is
projected that this area will increase to 1.4 % and 2.6 % by 2080 under RCP2.6 and RCP6.0,
respectively. To make figures more tangible: 2.6 % of the national crop land corresponds to about
15,000 football fields of crop land being affected by at least one drought per year. Due to the
impacts of climate change, a change in suitable crop production area and yields is projected for
some Ccrops.

Rainfall variability and higher temperatures in particular have consequences for the production of
staple rainfed crops such as rice, cassava and maize. For example, unreliable rainfall will lead more
farmers to use irrigation, which is likely to strain water resources, and higher temperatures and
reduced rainfall are likely to lead to increased incidence of diseases, such as cassava mosaic
disease. Extreme weather events also threaten agricultural productivity. Three cyclones that made
landfall in early 2000 affected more than a million people and caused nearly USD 85 million in
damages to agricultural infrastructure. They also devastated the livestock sector and major crops.
(Volona et. al. 2012)



The effect of climate change such as the increase in average annual temperatures tends to break
the thermal barriers of diseases or at least of their vector (example: malaria, diarrheal diseases,
acute respiratory infections, etc.). At the time, malaria was endemic to coastal areas of Madagascar
but as climate change continues to expand the vector's range, parts of the highlands are also
becoming contaminated. It is the leading cause of medical consultation and death, particularly for
children under 5 years old, whose peak period is between November and April. At the same time,
some supposedly non-endemic diseases have appeared, certainly due to climate change. The
irregularity of rainfall leads indirectly to the lack of control of water and the deterioration of its
quality. Climate variability, combined with other factors such as deforestation by bush fires and the
practice of slash-and-burn agriculture, has significant consequences in the field of agriculture and
livestock farming, in particular the lack of water control over most areas. At the same time, frequent
climate changes create adaptation problems for the most vulnerable population, leading to diseases
that have become increasingly common such as acute respiratory infections, flu, etc.

Climate change threatens the health and sanitation sector through more frequent incidences of
heatwaves, floods, droughts and storms, including cyclones. Among the key health challenges in
Madagascar are morbidity and mortality through vector-borne diseases such as malaria, waterborne
diseases related to extreme weather events (e.g. flooding) such as diarrhoea, respiratory diseases,
tuberculosis and HIV (Ministére de la Santé Publigue Madagascar 2016). Climate change also
impacts food and water supply, thereby increasing the risk of malnutrition, hunger and death by
famine. Many of these challenges are expected to become more severe under climate change.
According to the World Health Organization, Madagascar recorded an estimated 2.2 million cases of
malaria including 5,350 deaths in 2018 (WHO 2019). Climate change is likely to have an impact on
the geographic range of vector-borne diseases: In Madagascar, malaria usually does not occur
above 1 500 m [34]. However, temperature increases could expand occurrence to higher-lying
areas. This is already the case in Antananarivo which used to be largely free of malaria but is now
observing rising numbers of cases. Malaria is also likely to increase in many parts of Madagascar
due to flooding and stagnant waters, which provide a breeding ground for mosquitos (Barmania
2015). Climate change also poses a threat to food security and malnutrition, particularly for
subsistence farmers. Chronic malnutrition is generally high at 42 % and could further increase due to
the consequences of the COVID- 19 pandemic (WFP 2020). Furthermore, access to healthcare is
often complicated in Madagascar: 40 % of the population live in areas far away from health centers
and have to travel for hours to seek medical treatment (Barmania 2015). Access is even more
difficult in the rainy season when many rural areas are cut off by impassable roads.

According to PIK’'s Climate Risk Profile, rising temperatures will result in more frequent heatwaves in
Madagascar, leading to increased heat-related mortality. Under RCP 6.0, the population affected by
at least one heatwave per year is projected to increase from 0.2 % in 2000 to 4.8 % in 2080.
Furthermore, under RCP 6.0, heat-related mortality will likely increase from 1.3 to 5.4 deaths per
100,000 people per year by 2080. This translates to an increase by a factor of more than four
towards the end of the century compared to year 2000 levels, provided that no adaptation to hotter
conditions will take place. Under RCP2.6, heat-related mortality is projected to increase to 2.9
deaths per 100,000 people per year in 2080.

Regionally, the PANA study focuses on three regions (Menabe, Alaotra Mangoro, Analamanga) and
on two pathologies (malaria and diarrheal diseases, the prevalence of which are closely linked to
variations in climatic conditions). It was observed that the transmission of malaria disease is mainly
linked to the increase in temperature associated with the presence of stagnant water. The
development of parasites and mosquitoes requires specific climatic conditions such as humidity
above 60 %, precipitation reaching 80mm per month and an optimum temperature of 18 to 32°C. Itis
for these reasons that in Madagascar, vulnerability to vector-borne diseases is particularly high.



The coastal areas are endemic, the Highlands, hitherto relatively spared, will be increasingly
vulnerable due to climate change, mainly linked to increasing temperatures. Whereas, poor hygiene
and lack of access to clean water leads to diarrheal infections, a leading cause of morbidity and
mortality in infants and children, which systematically stunts growth. In addition, climate and
socioeconomic conditions promote the development of diarrhea, particularly in vulnerable people,
including children under five, pregnant women and the elderly.

Climate change could have a multiplier effect on existing challenges to Madagascar’s health sector,
which include poor sanitation, high rates of malnutrition and persistent poverty, which adversely
affects households’ ability to pay for medical services. For example, incidence of diarrheal disease
increases during the cyclone season, which increases flooding and leaves standing water, a
breeding ground for waterborne diseases. Malaria is an important cause of overall mortality in the
country, and higher temperatures would expand the disease vector's range, particularly to higher
elevations where a large percentage of the population lives. Acute respiratory diseases, known to be
exacerbated by higher temperatures, are also a concern as they are the number one cause of death
in children under five (GFDRR 2011).

The distribution of water resources is uneven in the country. It ranges from a high rainfall area
where annual rainfall varies between 2000 mm and 3000 mm, or even 4000 mm (Eastern region) to
an arid area with precipitation less than 350 mm, with a deficit water balance (extreme South),
passing through an area of average rainfall between 1000 mm and 1500 mm (High Plateaus) with a
very irregular rainfall regime. The impact of climate change on this sector mainly comes in two
forms: the hydro-rainfall regime making water control more difficult and the change in quality water
biophysics. In other words, climate change would cause changes in rainfall rates in the different
regions of Madagascar, creating difficulties in water management (due to significant floods,
droughts or severe aridity) and thus a mutation of natural ecosystems.

Current projections of water availability in Madagascar display high uncertainty under both GHG
emissions scenarios. Assuming a constant population level, multi-model median projections suggest
a decrease of 13 % (RCP2.6) and 15 % (RCP6.0) in per capita water availability by the end of the
century. Yet, when accounting for population growth according to SSP2 projections, per capita
water availability for Madagascar is projected to decline more dramatically, i.e. by 78 % under both
RCPs by 2080 relative to the year 2000 (PIK 2021). While this decline is primarily driven by
population growth rather than climate change, it highlights the urgency to invest in water saving
measures and technologies for future water consumption after 2030.

Projections of future water availability from precipitation vary depending on the region and scenario.
In line with precipitation projections, water availability is projected to decrease by up to 25 % in the
north and east of Madagascar under RCP6.0. Under RCP2.6, models project decreases of up to 20
% for the north-east with simultaneous increases of up to 40 % in the otherwise very dry south-west
of the country. The partial increase in water availability projected under RCP2.6 is based on a
constant population level. Hence, water saving measures are likely to become important for
Madagascar’s rapidly growing population.

Madagascar is known for its abundant water resources from precipitation. However, these water
resources are unevenly distributed across the country. While parts of the eastern coast of
Madagascar receive more than 3,300 mm of precipitation annually, the south-west receives as little
as 400 mm and is characterized by a semi-arid to arid climate (Lange 2016). For instance, in the
2019 / 2020 rainy season, the very south-west of the country, particularly northern Amboasary and
parts of Ambovombe, Tsihombe and Bekily recorded below-average precipitation levels, threatening
agricultural crops which were just sown or at the flowering stage (FEWS NET 2020). In contrast,
northern Madagascar recorded above-average precipitation levels, which resulted in flooding in
several regions, including Alaotra Mangoro, Analamanga, Betsiboka, Boeny, Melaky, and Sofia.



Increasingly heavy precipitation events and cyclones already have devastating impacts on
smallholder farmers. In a study conducted among smallholder farmers in the aftermath of the 2012
cyclone Giovanna, 81 % of farmers reported losing crops and 70 % reported damages to stored
grains, resulting in prolonged periods with insufficient food for household consumption (Rakotobe
et. al. 2016).

In the PANA study, four climatic zones were chosen for the vulnerability and adaptation study: the
North-West slope with the Betsiboka watershed (48,785 km?); the Highlands of the Eastern region
with the Alaotra lacustrine watershed (7225 km?); the Northeast area with the Lokoho watershed
(2025 km?); the eastern slope with the Rianila watershed (6000 km?. The temporal and spatial
distributions of precipitation are linked to the regional and local climatic situation. In the rainy
season, rainfall intensities can be high, especially in the presence of tropical and cyclonic
disturbances. They are accompanied by cases of significant flooding and river flooding.
Groundwater depends on the climate in the same way as precipitation and surface water. The
mechanical and physicochemical as well as biological characteristics vary according to the rocks
crossed and/or surrounding them. Like other water resources, they are vulnerable in both
quantitative and qualitative terms to climate change

Climate variability, primarily reduced rainfall and higher temperatures, could impact Madagascar’s
water resources, as rivers and rainfall are the primary source of water for agricultural use,
household consumption and energy generation. Although fairly abundant, the country’s water
resources are unequally distributed geographically and underexploited; shortages are common in
the east and south, and only about 4 % of the country’s available water is utilized, of which 95 % is
used for irrigation. Reduced rainfall and higher temperatures will exacerbate these water shortages
and increase demand for irrigation, further straining water resources. Poor management of water
infrastructure and increasing demand from a growing population also contribute to the sector’s
vulnerability; currently only 20 % of the population has access to piped water and 50 % has access
to safe water (GFDRR 2011).

In 1997, the retreat of Madagascar's coastline was estimated at between 5.71 m and 6.54 m. This
phenomenon risks to swallow up about 225 m in 2100. In terms of coastal erosion, the cases of the
city of Morondava and those of certain parts of the Middle West of the Malagasy coastline have
been the best known for several years decades. Recently, a case was reported in Mahajanga. The
eastern coast of Madagascar is also experiencing the same phenomenon because part of the
avenue bordering the beach of the city of Toamasina has been destroyed. In Manakara, a boulevard
in the city is also under threat. The port, cultural sites, historical sites located on the edge of the sea
and tourist beaches are thus exposed to high risks of degradation, or even disappearance. The
impact of climate change is manifested by the flooding of all low-lying coastal areas and the
reduction of the area of marginal reefs, disruptions to ocean current systems, rising sea levels
leading to coastal erosion and saltwater intrusion (PANA). According to UNFCCC 2017 study, the
areas at risk from cyclones and floods in the Atsinanana region are the urban sites of Toamasina,
Vatomandry and Mahanoro. The rest of the coastline, in rural areas, and the sparsely urbanized sites
of Toamasina Il, Antanambao, Vatomandry, Brickaville and Mahanoro, are areas at risk from
cyclones only.

Madagascar has over 5,000 kilometers of coastline that sustain valuable ecosystems such as coral
reefs, littoral forests, mangroves and wetlands, with forests and wetlands serving as important
carbon sinks and providing a natural buffer against coastal erosion. The country’s roughly 300,000
hectares of mangroves are being unsustainably harvested for fuel, food and construction material,
and are at further risk from sea level rise and extreme weather events. Madagascar's extensive
coral reef ecosystems are particularly vulnerable to climate change due to warming sea surface
temperatures. 80 % of the northern coral reefs are estimated to suffer from coral bleaching. (GFDRR
2011; World Bank 2016)



According to PANA report, two forms of degradation are considered the most important: rain
erosion and wind erosion of soils in large watersheds. The current context is very alarming. Indeed,
rain erosion is constantly occurring on the 1.2 million hectares of wooded savannah in Tampoketsa
area of the high plateau of Madagascar, and on the 125,000 hectares of intensively cleared
wetlands in the East. This situation results in a loss of ecosystem soil of the order of 7 to 57 T/ha per
year in the wooded areas and 14 to 114 T/ha/year in the burnt areas of natural forest compared to
1.5 to 3 T/ Ha/year only in natural forests. The effects of climate change will only make the situation
worse, as a simple increase in global atmospheric temperature of around 2.5°C (an optimistic
hypothesis) would be enough to lead to total silting up of the Tampoketsa Valley.

The vulnerability of this sector is manifested in the reduction of forest areas of all types, including
mangroves, leading to a reduction in chlorophyll function, and consequently increasing CO2 in the
atmosphere, the disappearance of lowland forests, coastal forests and swamp forests. The impacts
of climate change on this sector could manifest themselves through the modification of the
structure and physiognomy of the habitat, the change in the distribution area of species and the
disruption of the lifestyle of living beings. This sector is very vulnerable by nature, given the high
sensitivity of island habitats and species to natural disturbances. This susceptibility is exacerbated
by anthropogenic pressures (UNFCCC 2017). The country has lost 3.89 million ha of tree cover
between 2001 and 2019, which is equivalent to a 23 % decrease of national forest area (Global
Forest Watch 2019).

Climate change is increasingly threatening onshore and offshore fisheries, which are critical
socioeconomic pillars in Madagascar and contribute 7 % to the country’s GDP. Fisheries are central
to coastal food security — fish comprise 20 % of the animal protein in the Malagasy diet. Over the
past decade the sector has faced low profitability, increased competition from Asia and South
America and overexploitation. These challenges are compounded by the effects of climate variability
such as higher temperatures and increased storm intensity, which reduce productivity and increase
production costs. Many fisheries are part of larger reef and mangrove ecosystems, which
compounds the vulnerability of this sector to climate impacts. (FAO 2008, GFDRR 2011)

Climate change is expected to significantly affect Madagascar’s infrastructure through extreme
weather events. High precipitation amounts can lead to the flooding of roads, while high
temperatures can cause roads, bridges and coastal infrastructures to develop cracks and degrade
more quickly. This will require earlier replacement and lead to higher maintenance and replacement
costs. The poorly developed railway network and limited inland waterway transportation increase
Madagascar’s reliance on road transportation. Roads, however, are in very poor condition with the
majority being unpaved and difficult to access, especially during the rainy season. With an estimated
road network of 31,640 km, Madagascar has one of the lowest road densities in the world.
Investments will have to be made to build climate-resilient road networks.

Extreme weather events also have devastating effects on human settlements and economic
production sites, especially in urban areas with high population densities like Antananarivo,
Toamasina or Antsirabe. Informal settlements are particularly vulnerable to extreme weather events:
Makeshift homes are often built in unstable geographical locations including steep slopes or
riverbanks, where strong winds and flooding can lead to loss of housing, contamination of water,
injury or death. Dwellers usually have a low adaptive capacity to respond to such events due to high
levels of poverty and lack of risk-reducing infrastructures. For example, the tropical Cyclone Belna
made landfall on the north-western coast of Madagascar in December 2019, affecting 128,000
people (FEWS NET 2020).



The district of Soalala was hit particularly hard, recording damages to roads, electricity posts and
wells (OCHA 2019). Flooding and droughts will also have an impact on hydropower generation:
Madagascar draws 29 % of its energy from hydropower, with a total installed capacity of 162 MW in
2014 (World Bank 2017). However, variability in precipitation and climatic conditions could severely
disrupt hydropower generation.

In the Potsdam Institute for Climate Impact Research (PIK) Climate Risk Profile, despite the risk of
infrastructure damage being likely to increase due to climate change, precise predictions of the
location and the extent of exposure are difficult to make. For example, projections of river flood
events are subject to substantial modelling uncertainty, largely due to the uncertainty of future
projections of precipitation amounts and their spatial distribution, affecting flood occurrence. In the
case of Madagascar, median projections show little change in national road exposure to river floods.
In the year 2000, 1.6 % of major roads were exposed to river floods at least once a year. By 2080,
this value is projected to not change under RCP6.0 and to increase to 2.0 % under RCP2.6. This
difference is in line with precipitation trends for Madagascar. The exposure of urban land area to
river floods is projected to change only slightly under both RCPs. With the exposure of the GDP to
heatwaves projected to increase from around 0.3 % in 2000 to 2.4 % (RCP2.6) and 4.8 % (RCP6.0)
by 2080, it is recommended that policy planners start identifying heat-sensitive economic
production sites and activities, and integrating climate adaptation strategies such as improved
solar-powered cooling systems, “cool roof” isolation materials, or switching the operating hours
from day to night.

In IMF 2022 Report, the main threats to infrastructure and buildings from climate change are
extreme events, especially floods and high winds associated with tropical cyclones, landslides that
are exacerbated by the degraded ecosystem and more intense rainfall events, and drought and heat
that accelerate the depreciation of the assets. Expected annual damages to roads and railway
assets are estimated around 0.2 % of GDP in Madagascar under the current climate (Koks et. al.
2019). Variability in precipitation may lead to energy sector impacts, especially hydropower that
represents 29 % of Madagascar’s energy mix.

Climate change is expected to have a significant influence on the ecology and distribution of tropical
ecosystems, though the magnitude, rate and direction of these changes are uncertain (Shanahan et.
al. 2016). With rising temperatures and increased frequency and intensity of droughts, wetlands and
riverine systems are increasingly at risk of being disrupted and altered, with structural changes in
plant and animal populations. Increased temperatures and droughts can also impact succession in
forest systems while concurrently increasing the risk of invasive species, all of which affect
ecosystems. In addition to these climate drivers, low agricultural productivity and population growth
might motivate unsustainable agricultural practices resulting in increased deforestation, fires and
soil erosion. In turn, soil erosion, along with heavy precipitation and storms, facilitate the occurrence
of landslides, threatening human lives, infrastructure and natural resources (Ramasiarinoro et. al.
2012).

In the country risk profile (PIK 2021), the models applied for the analysis show particularly strong
agreement on the development of species richness: Under RCP6.0, species richness is expected to
decrease almost all over Madagascar, in some parts by up to 50 %. Under RCP2.6, models are far
less certain, projecting slight increases in small patches across Madagascar. With regard to tree
cover, model results are very uncertain and only small changes are projected under both RCPs.
Hence, no clear tree cover trends can be identified.

It is important to keep in mind that the model projections exclude any impacts on biodiversity loss
from human activities such as land use, which have been responsible for significant losses of global
biodiversity in the past and are expected to remain its main driver in the future (IPBES 2019).



In recent years, Madagascar’s vegetation has experienced profound disturbances due to population
pressure and increasing demand for firewood as well as agricultural land, leading to high rates of
slash-and-burn activities, which are one of the main drivers behind deforestation (Busch et. al.
2012).

Extreme events destroy natural capital. But the slow-moving effects of climate change are also
significant on Madagascar’'s terrestrial and marine ecosystems, reducing the volume and the
productivity of the natural capital. In Madagascar, climate change impacts terrestrial ecosystems by
causing tree loss due to changes in rainfall patterns, which affect tree growth and reproduction.
Degraded forest, in turn, lead to biodiversity loss, further hindering forest generation (Carver, 2020).
In coastal and marine ecosystems, declines in natural capital are already evident and are
accelerated by climate change. These include loss of mangroves, marine vegetation, and fisheries
(Cochrane et. al. 2019). Damage to the ecosystem can adversely affect economic sectors such as
agriculture and tourism, especially given that the latter is based almost entirely on the unique
terrestrial biodiversity and coastal areas.



SUMMARISED QUANTITATIVE RISK
ESTIMATES PER MAJOR PERIL

This section presents quantitative estimates of the risks posed by various hazards and how it
contributes to increase in vulnerabilities in the communities and directly affects the business sector.
We also provide a detailed account of the changes in climate and weather patterns as observed
over years and are placed in three broader categories below:

Cyclones

Madagascar is prone to tropical cyclones, which regularly cause widespread damage. These storms
result in flooding, landslides, and extensive damage to infrastructure, agriculture, and homes,
leading to significant loss of life and economic setbacks. Cyclones are expected to increase in
intensity going forward and their frequency could potentially increase. By 2100, the frequency of
cyclones is projected to decrease over the Indian Ocean, particularly at the beginning of the cyclone
season. However, cyclone intensity is projected to increase by almost 50 %, with landfall tracks
shifting northward. BRGM has produced a tropical cyclone risk map based on the work conducted
as part of the South West Indian Ocean Risk assessment and Financing Initiative (SWIO-RAFI), and
has procured a cyclone risk map at commune level in Madagascar. Additionally, there is ARC’s
tropical cyclone model, which is not openly available.

Droughts

Madagascar has had significantly more frequent and longer lasting droughts in the past four
decades, which have affected more of the population (OCHA 2022). Rising temperatures and
changing rain patterns are expected to amplify this development. Particularly in the southern
regions, droughts have become more frequent and severe. These droughts contribute to food
insecurity, especially in areas dependent on rain-fed agriculture. The lack of adequate water for
both people and livestock exacerbates the impact. In a previous study on agricultural drought
analysis in Madagascar (Atlas des risques climatiques de Madagascar, BRGM), several key
approaches were employed. These included the use of a global aridity index, which was based on
the ratio between precipitation and average temperatures. The study also analysed seasonal
precipitation trends, creating maps to illustrate changes between 1981 and 2018, and identified
historical dry periods defined as five consecutive days without rain. GRMA aims to extend and
deepen this analysis by focusing on agricultural drought within the context of climate change. Unlike
previous studies that relied on historical data, the GRMA project will use future climatic data to
simulate drought events and assess their impacts.

Flooding

Heavy rainfall, especially during cyclone seasons, causes flooding and landslides, particularly in the
central highlands and along river systems. This results in loss of crops, damage to infrastructure,
and displacement of populations. Several studies and reports have been gathered to understand the
state of the art on flood risk assessments in Madagascar. At country scale, BRGM carried out a flood
risk assessment providing a qualitative flood risk index per commune as output. The flood risk index
was computed by combining a qualitative flood hazard index per fokontany (based on the 100-year
return period global fluvial flood depth map for Madagascar at 90-meter horizontal resolution,
produced by SSBN), and the population density per fokontany. The index provides the flood risk per
commune on a scale of 0 (negligible) to 3 (high to very high). Besides studies at country scale,
regional and local flood hazard studies have been developed. In 2013, the CPGU produced flood
maps of areas flooded frequently and exceptionally for the regions of Sava, Vatovavy-Fitovinany
and Atsimo Andrefana.



The areas flooded were identified based on observations during past flood events and expert
knowledge in these areas. Reference peak discharges for certain return periods are provided for
some of the main rivers in the mentioned regions, such as for the Fanambana River, the Maitanana
River, the Mangoky River, the Onilahy River and the Fiherenana River. These values can be used as a
reference when calibrating hydrological models in the mentioned regions.

Furthermore, flood hazard maps for specific areas have been generated by Malagasy consultancy
engineering firms using hydrodynamic models. The Madagascar-based engineering consultancy
Artelia carried out the hydraulic modelling activities in the context of the Programme Intégré
d’'Assainissement d’Antananarivo (PIAA), dedicated to developing flood risk management studies for
the agglomeration of Antananarivo. In such project, Artelia used the hydrodynamic software HEC-
RAS to generate maximum flood depth maps for 10, 20, 50 and 100-year return period scenarios. As
part of the input preparation, datasets of topography (from LIDAR campaigns) and bathymetry, river
levels/discharges for historical flood events, rating curves for specific sections (Anosizato,
Mahitsikely, Bevomanga, Ampitatafika, Antombonana) and river structures along the river network of
interest were gathered. Hydrodynamic models were also used to simulate reference flood events
and evaluate the effectiveness of flood mitigation measures in the Vallon Metzinger (North-West of
Madagascar).

Landslides

Aside from BRGM'’s landslide susceptibility map, which will be incorporated as one of the inputs of
the GRMA model, only global models have been applied to Madagascar so far. These include NASA’s
Global Landslide Susceptibility Map, or the Global Landslide Hazard Map produced by ARUP during
a World Bank project. As of 2024, no study yet made it possible to project landslide risk into the
future according to different climate scenarios. For historical landslide inventories two global
datasets are available: the Global Landslide Catalog (GLC) compiled by NASA from media web
alerts, and the Global Fatal Landslide Database (GFLD). One national-level dataset is available on
OpenStat Madagascar, “Données sur les glissements de terrain - effondrements a Madagascar 2013
- 2019, , but it does not contain time or location. GRMA aims to compile these three sources, other
relevant scientific or press articles (if existing) and additional datapoints obtained from the BNGRC,
IOGA and Artelia Madagascar (if available). As some landslides may be double-counted or defined
differently across sources, the consolidated inventory will be homogenized.

Coastal erosion

Coastal erosion risk assessment (i.e. quantification of the monetized loss) has not been performed
yet at national level. Among the coastal erosion hazard assessments performed, two types of
studies have been identified:

1.Global coastal erosion hazard assessments - BRGM conducted a qualitative analysis of coastal
erosion hazards at country level as part of developing a natural catastrophe atlas in 2020. This
analysis involved computing a sensitivity index to coastal erosion for the entire Malagasy
coastline, without considering the potential exacerbation of the phenomenon due to climate
change. The index is calculated by summing the indices of multiple drivers of coastal erosion,
including: terrestrial environment (presence of rocks, soil, or mangroves); presence or absence
of coral reefs in the foreshore; and exposure to cyclonic and/or southern swells.

While this index helps identify coastline stretches that could be prone to coastal erosion, it does not
provide a physical metric (i.e., erosion in meters relative to a shoreline reference) to quantify the
losses due to coastal erosion under present and future scenarios. LISCOAST proposes global
shoreline change projections for sandy beaches for the time horizons 2050 and 2100, under RCP 4.5
and RCP 8.5. However, it does not provide the georeferenced future positions of the coast per
transect, which is necessary for computing the area affected by coastal erosion and the consequent



losses. These georeferenced points for future coastline positions can be derived using the
OpenStreetMap 2015 natural coastline dataset, which served as the reference shoreline in the
LISCOAST research.

2.Local coastal erosion hazard datasets - In 2018, BRGM collaborated with other partners in the
development of a local coastal erosion hazard analysis at the coastal city of Morondava (central-
west coast of Madagascar). In that project, an analysis of shoreline development was made
between 2004 and 2018 using optical satellite imagery (Digital Globe, CNES, Airbus, Pleiades).
The eroded coastal area was then computed as the sum of two phenomena: the erosion linked
to SLR in a 50-year time horizon (this is, 2068), using the Bruun rule; and the maximum coastal
retreat due to an historical extreme storm event (Lmax) in the area, as reported in literature,
which corresponds to 30 meters, as occurred during Cyclone Gafilo (2004).

GRMA observes that the methodology used to compute future shoreline development as per the
local analysis in Morondava is similar to the one used by LISCOAST, as the two phenomena
considered in based on the described datasets, GRMA observes that there are two main gaps
concerning the understanding of coastal erosion and its impacts in Madagascar: The delineation of
areas affected by coastal erosion has only been performed at local scale and at specific locations,
but not at national level; and the quantification of the loss due to coastal erosion for future scenarios
has not been performed yet, neither on a local nor global scale.

Wildfires

To GRMA's knowledge, there is no fire risk model developed for Madagascar to date. Most research
in the country focuses on characterizing historical fire regimes, without considering the impact of
climate change. Others focus on fire weather conditions, but do not account for the fire occurrence,
burned area and potential impacts.

Dust storms

No specific study on red sandstorms (Tiomena) in Madagascar seem to have been performed as of
July 2024. A general study on dust storms had yet to be published by the United Nations
Convention to Combat Desertification (UNCCD) in 2022 and would be leveraged to guide GRMA'’s
model development work.

Locust invasion

A few missions have taken place in the past 25 years to monitor locust risk in Madagascar. The
African Development Bank’s Preventive Locust Control Project (PLCP) in 2001 gave rise to a spotting
network of around 200 observation stations and six locust control zones, which are instrumental to
the use of a Habitat Suitability Index due to their data collection capacities. A Geographical
Informational System (GIS) for the visualization of the nomadic locust distribution in Madagascar
was created in 2006 with the Agricultural Research for Development Institute CIRAD. These maps
are the result of a combination of locust data, reports, surveys and climatic data, including rainfall
and minimum and maximum temperatures.



IDENTIFIED GAPS INDATA, MODELS,
AND ANALYSES

This section outlines gaps identified in this review of the risk information landscape in Madagascar.
This information was used in the co-definition of the GRMA project with local stakeholders, to
ensure GRMA adds value in the availability and use of risk information and that projects are aligned
with local priorities and needs.

This is not an exhaustive list but rather indicative of the areas that require either technical
assistance (e.g. capacity building needs) or financial gaps that hinder the upscaling or improvement
of existing instruments and strategies in the country.

e There is abundant information and resources that are targeted towards climate and hazard
model and data aspects, including a comprehensive risk analysis being conducted in various
regions of Madagascar. However, there is need for identification of priority areas where disaster
relief and recovery could be supported by adaptation strategies with special focus on Social
Protection Schemes for the poor and vulnerable. There is, to the author's knowledge, lack of
resilient social protection schemes and adaptation strategies to combat various hazards
affecting the region especially with missing/insufficient financial protection schemes at all
macro/meso/micro levels. There is low penetration of insurance in Madagascar, especially
amongst the most vulnerable communities that could benefit from micro-insurance or subsidised
schemes. There is also a need to focus on conservation efforts for the various natural resources
at risk in the country with financial protection schemes like insurance.

» There is need for cohesive approach risk financing that can cater to risk reduction and can be
embedded in broader national development plans, along with increasing the availability of risk
financing mechanisms due to the spectrum of hazards that affect the country. It is also desirable
to enhance the legal and regulatory framework to incorporate rapid mobilization of financial
resources in case of disasters along with strengthening the regional ties and co-operation.

« There is need for strengthening the institutional capacity at local, regional, and national levels
through training, improving human resources, and sensitization of the financial instruments that
can be adopted along with improving access to such financial resources.

« There is also need for collection (and inventory creation) of the available resources at disposal
along with observational datasets that would help validate the assumptions of risk models that
are existing e.g. point based location and vulnerability of infrastructure to various hazards and its
impact.




CONCLUSION

Madagascar faces a concentration of severe and recurrent natural hazards, with cyclones, droughts
and floods representing the dominant risks and driving major social, economic and infrastructure
impacts. Historical analyses show that storms alone account for nearly 70 % of recorded disasters,
while drought and flood events further undermine livelihoods, agricultural production, food security
and health outcomes. These risks already strain critical systems such as agriculture, coastal
ecosystems, public health and essential infrastructure, placing the country among the most
vulnerable globally. Climate change is expected to exacerbate these pressures significantly:
temperatures are projected to rise across all regions, rainfall patterns will shift, sea levels will
continue to rise, and extreme events—including droughts and cyclones—are anticipated to intensify.
Together, these changes suggest growing losses across key sectors, more frequent humanitarian
crises and mounting fiscal exposure for the national budget.

The landscape of risk information in Madagascar reflects important progress but remains
incomplete. A mix of global datasets, national studies and local mapping initiatives provide valuable
insights, yet they vary in resolution, coverage, and accessibility. Some hazards—such as cyclones,
droughts, floods and landslides—benefit from multiple studies, while others, including coastal
erosion, fire risk, dust storms and locust invasions, still lack comprehensive modelling or future
projections. Historical disaster records remain incomplete, limiting trend analysis. Risk information is
therefore uneven across hazards, often qualitative, and sometimes not sufficiently downscaled to
support local decision-making. Although several institutions use available analyses, gaps persist in
the systematic uptake of risk information for policy planning, budgeting and long-term adaptation
strategies.

These gaps are well recognised: lack of national-scale hazard maps for coastal erosion, absence of
forward-looking landslide projections, missing quantification of future losses for several hazards,
and limited integration of climate change scenarios into sectoral risk assessments. The GRMA
programme directly addresses many of these issues by developing a unified national risk database,
producing multi-hazard models, creating flood and drought impact analyses, and strengthening
technical capacity for data generation and model use. In the second phase it will also supports
macroeconomic impact modelling. It contributes to the Global Shield through risk mapping and loss
estimation. However, some gaps—such as incomplete historical disaster datasets and limited
existing models finer resolution models (e.g. coastal erosion) lie beyond the immediate scope of
GRMA'’s current modelling focus and would require further national or international investment.
Overall, while significant advances are underway, sustained efforts will be essential to build the
comprehensive, high-resolution and climate-informed risk analytics base needed for robust
adaptation and disaster risk financing in Madagascar.
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