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Climate Science Basis: Fisheries and Marine 
Ecology in Saint Lucia 
 

Lead authors: Shelly-Ann Cox and Jorge Cortés. 

Authors: Allena Joseph, Tommy Descartes, Vincent Peter, and Mark Tadross. 
 
 

Introduction 
 

The fishing industry in Saint Lucia is extremely important as it provides livelihoods 
for over 3,000 people, contributes up to 5% of Gross Domestic Product and supports 

other important economic sectors such as tourism. The industry also has a high 
cultural value and has been regarded as integral to shaping the country’s lifestyle 

and heritage. Small-scale traditional fishing also forms a large part of the social fabric 
of many coastal communities.i 
 

Saint Lucia possesses a high degree of biodiversity and species endemism, and 
productive coastal and nearshore habitats, earning it international recognition as a 

biodiversity hotspot. Marine habitats and biodiversity provide ecosystem services that 
buffer the impacts of storms and climate change, provide residents with valuable 

natural resources and opportunities for sustainable livelihoods, and support 
economically important agriculture and tourism industries. 

 
Problem identification 

 

The fisheries and marine ecology sectors in Saint Lucia face a plethora of ‘wicked’ 
problems as a result of the inherent complexities of governing these social-ecological 

systems.  These problems include but are not limited to declining fish stocks due to 
overfishing and other anthropogenic factors such as marine pollution and habitat 

degradation of ecosystems such as mangroves, sea grass beds and coral reefs. 
Improper governance has also been identified as a substantial problem, polices and 

plans are outdated, and management tools employed are not adaptive. Measures 
such as recovery mechanisms are either inadequate or non-existent.  

 
There is limited baseline data on the state of the marine ecosystems and current 

monitoring activities are inadequate. High-resolution uninterrupted time series 
datasets at the species level are either unavailable or difficult to access. This may be 
due to inadequate resources (financial, human, physical) to support these initiatives. 

This may lead to inadequate marine protection and conservation initiatives that lack 
information on the location of resources and a blueprint of marine activities. Poor or 

weak adaptive capacity has also been identified as a problem and this may be due to 
the lack of knowledge management, public awareness and education initiatives. 

 
The problems outlined above are exacerbated by the impacts of climate variability 

and change.  The fisheries sectors of Caribbean islands are the most vulnerable to 
climate change. Negative impacts of climate variability and change already evident 

in the Caribbean include coral bleaching (damaging critical fish habitat), increasing 
intensity of storms together with increased sea level (damaging fish habitats, fishery 

access and assets), and Sargassum influxes (disrupting fishing operations and 
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communities and impacting the sustainability of the resource). ii  Climate change 
stressors (sea level rise and increased frequency of severe hurricanes) will continue 

to have significant negative impacts on the safety of fishers, fisheries infrastructure, 
boats and fishing equipment, and coastal fishing communities. 

 
Fisheries 

 

Globally, the impacts of climate change on fisheries and aquaculture are receiving 
increasing attention.iii Small island developing states (SIDS), such as those in the 

Caribbean, are particularly vulnerable to climate hazards due to their geography, 
significant coastal urbanization, small climate sensitive economies and lack of 

significant economic diversity and other factors.iv Increasing climate variability and 
change are global environmental challenges to natural resources and to livelihoods 

including fisheries (see Figure 1 below). The fisheries sector in the Eastern Caribbean 
is particularly vulnerable to impacts of climate variability and change, potential 

impacts on fisheries resources, harvest and post-harvest sectors are now well 
documented. Reducing vulnerability to impacts of climate change is critical if many 

of the countries in the Caribbean, including Saint Lucia, are to increase or sustain 
their current level of socioeconomic development into the future. 

 

 

Figure 1: Climate variability and change impacts pathways on fisheries and 
aquaculture.v  

 
 

Coral reefs 

Coral reefs are important natural assets, providing vital goods and services to many 

coastal communities in the tropics, especially small island states.vi Coral reefs in the 
Caribbean are amongst the most at risk globally. Caribbean countries rely heavily on 

healthy coral reef ecosystems to maintain beaches and support nearshore fisheries 
and tourism. Mass coral bleaching is one of the major threats to coral reef 

ecosystemsvii exacerbating coral reef decline in the Caribbean region.viii  
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There is a serious concern about the threat that global warming poses to the long-

term survival of coral reefs. ix  Regional-scale mass coral bleaching episodes and 
subsequent high coral mortality are irrefutably linked to ocean warming, occurring 

when sea-surface temperatures reach ≥1°C above regional climatological maximum 
monthly means.x 

  
Furthermore, there is strong evidence in the literature that the frequency and 

intensity of bleaching has increased over the last two decades.xi These observations 
have significant ecological and socio-economic implications in the face of predictions 

that sea surface temperatures will continue to rise sharply above the 1990 baseline 
(by as much as 1-3°C) over the current century.xii Projections suggest that bleaching 

could become an annual event within the next 30-50 years, xiii with the highest 
incidence in the Caribbean.xiv Even under favourable conditions, it can take decades 

for severely bleached reefs to fully recover.xv 
 

Most recently a studyxvi assessed three decades (1985–2017) of heat stress exposure 
in the wider Caribbean at ecoregional and local scales using remote sensing. It found 

a high spatial and temporal variability of heat stress, emphasizing an observed 
increase in heat exposure over time in most ecoregions, especially from 2003, 
identified as a temporal change point in heat stress. 

 

 

Figure 2: Spatiotemporal summary of heat stress events in the Caribbean during 
1985-2017.xvii 
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The figure above shows the spatiotemporal summary of heat stress events in the 

wider Caribbean during 1985-2017. Saint Lucia is seen as experiencing severe heat 
stress in 2005 and 2010. The figure below shows associated coral bleaching with the 

extreme heating event in 2005. It can be observed that Saint Lucia was severely 
impacted with 60-80 % of mean coral bleached. This warrants the need for a solution 

to build resilience to climate risks. 
 

 

Figure 3: Extreme heating event and associated coral bleaching in the Caribbean in 
2005.xviii 

 
 

Sargassum influx events 
 
Since 2011, historically unprecedented influxes of thousands of tonnes of pelagic 

Sargassum seaweed have impacted the large marine ecosystems of the Caribbean 
Sea and North Brazil Shelf (the CLME+ region). Typical quantities of Sargassum 

benefit biodiversity and human use. However, the unpredictable timing, frequency, 
extent and severity of massive Sargassum influxes constitute a natural hazard with 

potential for disaster. This has caused consternation among coastal and marine state, 
non-state and private sector stakeholders about adaptive capacity in fisheries and 

tourism. Sargassum has filled coastal waters and beaches frequented by tourists and 
locals, resulting in reduced fisheries and tourism income, and additional spending on 

cleaning beaches with heavy machinery that causes damage and erosion. There has 
been significant reduction in catches of some pelagic fishes and health impacts from 

exposure to hydrogen sulphide from decaying Sargassum. The severity of impacts 
and how stakeholders may adapt needs to be better understood to inform fisheries 

and tourism policy and management. 
 

In Saint Lucia, Sargassum influx events were recorded from 2011 to present, with 
2018 being the year of the most severe impacts, followed by 2015 and 2011. The 
extent of the impacts of Sargassum influx events have varied based on the intensity 

of the Sargassum influx as well as the vulnerabilities of the stakeholders in climate-
sensitive sectors including fisheries, tourism, health, agriculture and the cultural 

sector. In 2018, approximately nine tonnes of Sargassum were collected on a 
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monthly basis and strandings were experienced throughout the island’s coastline.xix 
There are several sites along the east coast of Saint Lucia, which extends from 

Dauphin to Vieux Fort, where Sargassum is beached on a regular basis.xx 
 

In 2018, the Government of Saint Lucia spent approximately XCD$ 1.2-1.8 million 
on Sargassum clean-ups and also established different dumping sites for the collected 

Sargassum.xxi To date, the most severely impacted areas are the town of Vieux Fort 
(inclusive of Savannes Bay and Sandy Beach), the village of Micoud (inclusive of 

Praslin Bay, Praslin Jetty, Micoud Bay, EsCap and Lance Captain) and the village of 
Dennery (Dennery Bay). Other areas in the north-east of the island have received 

influxes of Sargassum however due to the absence of people living close by, they 
have been categorised as low impact areas.xxii 

 
Saint Lucia’s management responses to the unprecedent influxes of Sargassum have 

been mostly reactive. The country continues to “scramble into action” with attempts 
at managing Sargassum strandings occurring in an ad hoc, unplanned and 

disorganized manner.xxiii To date, the government of Saint Lucia has funded the 
procurement of three stationary hydrogen sulphide meters to improve the monitoring 

of hydrogen sulphide emitted from the decaying seaweed.xxiv These meters have been 
used at nine sites along the island’s east coast (Cas en bas, Dennery, Praslin Beach, 
Praslin Jetty, Es Cap, Micoud Bay, Lance Captain, Savannes Bay and Sandy Beach) 

during a period of zero Sargassum strandings, to establish a baseline. Further data 
collection and monitoring is intended during 2020.xxv 

 
The table below outlines key variables associated with climate impacts on the 

fisheries and marine sectors. Critical impacts of variability, extremes and trends in 
these variables include an increase in Sargassum biomass, which has numerous 

adverse impacts on coastal marine activities, coral reef decline and degrading critical 
marine habitats, changes in fish stocks associated with increasing sea-surface 

temperatures, and damage to coastal infrastructure associated with sea level rise 
and coastal inundation. 

 
 

Table 1 – Climate impacts and associated variables affecting the 
fisheries and marine sectors in Saint Lucia 

Climate impact Required Variables Empirical Evidence 

Sargassum biomass 
increases and transport 

 

Sargassum biomass 
increases are dependent on 

several climate factors, 
related to the supply of 

nutrients for growth 

(nutrient supply from the 
Amazon and Congo basin, as 

well as upwelling in the 

central equatorial Atlantic), 
and increases in metabolism 

Sea surface temperature 
(SST) north equatorial 

Atlantic 

Ocean circulation: Upwelling 
central Atlantic 

Nutrient transport Amazon 
and Congo Rivers 

North equatorial Atlantic 

Ocean currents 
North equatorial Atlantic 

surface winds 

Wang et al. 2019 
Wang and Hu 2017 

Djakouré et al. 2017 

Johns et al. 2020 
Fulton et al. 2014 

Lumpkin and Garzoli 2005 
Putmana et al. 2018 

Kelly et al., 2000 

Gower et al., 2013 
Franks et al., 2016 



 

 12 

Sargassum biomass increases 

While pelagic Sargassum is abundant in the Sargasso Sea, a belt of Sargassum across 
the Atlantic has been observed in satellite imagery since 2011, often extending from 

West Africa to the Gulf of Mexico (Figure 4). The spatial distribution of this belt is 
mostly driven by ocean circulation. The bloom of 2011 might be a result of Amazon 

River discharge in previous years, but recent increases and interannual variability 
after 2011 appear to be driven by upwelling off West Africa during boreal winter and 
by Amazon River discharge during spring and summer, indicating a possible regime 

shift and raising the possibility that recurrent blooms in the tropical Atlantic and 
Caribbean Sea may become the new norm.xxvi 

due to increased sea surface 
temperatures. 

Damage to critical 
habitats 

 

Increasing heat stress due to 
global climate change is 

causing coral reef decline, 

and the Caribbean has been 
one of the most vulnerable 

regions.  

SST 
Extreme rainfall- run off 

Ocean acidification 

Extreme storms/squalls 
Saint Lucia mean winds 

Winter et al.1998;  
Hoegh-Guldberg 1999 

McWilliams et al. 2005,  

Oxenford et al. 2008,   
Muñiz-Castillo et al. 2019 

Change in distribution of 

fish stocks 

Long-term changes in SST 
can also cause changes in 

fish distribution. The effects 
of climate change are 

expected to be most 

pronounced in the tropics 
because many tropical 

marine species have narrow 
thermal tolerances and live 

at or near their upper 

thermal limits. Commercially 
important fish stocks are 

therefore expected to 

gradually move polewards.  

SST 

 

Nurse 2011 

Oxenford and Monnereau 

2018 
Chollett et al. 2012 

Chueng et al., 2010 
Pinnegar et al., 2013  

Lam et al., 2016 

Hoey et al., 2016 

Damage to coastal 

infrastructure 
 

Coastal infrastructure is at 

risk from Sea Level Rise and 
increased storm surges in 

the future. Fisheries related 
coastal infrastructure is 

particularly vulnerable. 

Coastal erosion and damage 
to fisheries infrastructure is 

already evident at certain 

fish landing sites in Saint 
Lucia. 

SLR 

Storm surge 
Modelled inundation-areas at 

risk 

Torres and Tsimplis. 2013 

Muis et al. 2016 
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Figure 4: Sargassum biomass and change rate from April 2011 to December 2018. 
(A) Monthly mean Sargassum biomass in the Caribbean Sea and central Atlantic. 

These estimates represent lower bounds because satellite measurements are 
insensitive to Sargassum accumulations in the vertical direction. The inset shows the 

correlation between the mean change rate in November and December (derived from 
the mean biomass change from October to December) with the annual mean 

Sargassum biomass in the next year. The red dot marks the data from 2019 (biomass 
averaged between January and April 2019).xxvii 
 

 
Sargassum biomass increases are dependent on several climate factors, related to 

the supply of nutrients for growth (nutrient supply from the Amazon and Congo basin, 
as well as upwelling in the central equatorial Atlantic), and increases in metabolism 

due to increased sea surface temperatures. Figure 5 shows how increases in sea 
temperatures lead to an increase in Sargassum biomass, which is already increasing 

in the eastern Caribbean and north Brazil current region (see below) and is expected 
to continue to increase under climate change. It is also clear from the figure that 

besides location, upwelling (and supply of nutrients) is the next largest factor 
influencing Sargassum biomass. 
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Figure 5: Association between environmental variables and Sargassum spp. biomass 
across two locations within the Ningaloo lagoon during 2010–2012: (A) Mean biomass 

of Sargassum spp. relative to sea temperature (1 month prior) based on fitted 
parameter estimates 6 95% confidence limits (dotted lines) from the best GAMM 

(Table 2a) with significant intercept (t-test, t 5 76.24, df 5 47, p , 0.01) and model 
terms (location t-test, t 5 6.42, df 5 4, p , 0.01, T21 F1,1 5 32.94, p , 0.01). (B) 
Relative importance of possible variables (antecedence indicated as 0 5 same month, 

21 5 1 month prior, 22 5 2 months prior) as indicated by the sum of weighted AICc 
for each variable across all possible models.xxviii 

 
 

Figure 6 furthermore clearly shows that other anthropogenic factors such as nutrient 
fluxes (both nitrates and phosphates) from the Amazon and Congo rivers have been 

steadily increasing since 1992 and have particularly increased in the Amazon outflow 
since 2007. The anomalies from each basin were positive during later bloom events 

since 2010. 
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Figure 6: Continental nutrients load flux anomalies [kg mol d−1], related to the 

period 1993-2015: nitrate and phosphate from the Amazon River (a) and the Congo 
River (b); mean seasonal nitrate for the Amazon (c) and for the Congo (d) rivers. 

The mean seasonal value during the Sargassum blooms events are represented in 
brown (c, d).xxix 

 
 

Sargassum transport 

Sargassum transport from the north equatorial Atlantic into the eastern Caribbean is 

due to transport through the North Brazil/Guiana Current, North Brazil Current Rings 
(which translate north-westwards toward the Caribbean on the order of several times 
per year), the North Brazil Current Retroflection, and westward return via the North 

and South Equatorial Currents (Figure 7). 
 

 

 

Figure 7: Schematic of general surface circulation relevant to the transport of pelagic 

Sargassum from the Equatorial Atlantic into the Caribbean Sea. Grey arrows show 
typical surface current directions across the region, colored arrows represent the 

ocean circulation patterns of the North Brazil Current Systemxxx. The blue arrow 
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depicts the North Brazil/Guiana Current, the purple arrows show North Brazil Current 
Rings (which translate northwestwards toward the Caribbean on the order of several 

times per year), the thick red arrow represents the North Brazil Current Retroflection, 
and the thin red arrows indicate the potential westward return via the North and 

South Equatorial Currents.xxxi The dashed lines indicate the Equatorial Atlantic (0–
10°N) where extensive and anomalous Sargassum was detected by satellite from 

April through September 2011.xxxii Ocean currents in this region are hypothesized to 
play an important role in the beaching events that occurred in the Caribbean that 

same year.xxxiii The dotted lines represent the area of ocean where long-term monthly 
measurements of Sargassum coverage have been obtained (2000–2015).xxxiv (For 

interpretation of the references to colour in this figure legend, the reader is referred 
to the web version of this article.)xxxv 

 
 

Simulations using the global HYbrid Coordinate Ocean Model (HYCOM) model, with 
and without a 1% windage factor, clearly show that there is a greater than 80% 

chance in all three seasons (AMJ, JAS and OND) that Sargassum found on the beaches 
of Saint Lucia originate from the equatorial Atlantic within the previous year (Figure 

8). Probabilities are greater during AMJ and JAS. 
 
 

 

Figure 8: Spatial distribution of the predicted origins of particles released across the 

Caribbean Sea and backtracked to the Equatorial Atlantic within one year of their 
release. Particles were released in 2003 through 2015 during (A, B) spring (April-

June), (C, D) summer (July-September), and (E, F) fall (October-December), the 
seasons when Sargassum beaching has been most prevalent within the Caribbean 

Sea. Coloration indicates the mean percentage of particles within a 0.5°Å~0.5Åã bin 
that were backtracked to south of 10°N and east of 58°W (Fig. 1). Left hand columns 
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(A, C, E) show results based on the surface layer of Global HYCOM, while right hand 
columns (B, D, F) show results based on HYCOM plus a windage factor of 1% using 

winds from the NCEP Reanalysis. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.)xxxvi 

 
 

Furthermore, using a Sargassum transport index based on the global HYCOM model 
and satellite observations of Sargassum biomass (used to weight the transport) 

clearly shows that Sargassum influx into the eastern Caribbean has been increasing 
in recent years (Figure 9) and the modelled values agree well with observations seen 

in Figure 4. 
 

 

Figure 9: (A) Predicted percent coverage of Sargassum moving into the eastern 
Caribbean from the western Equatorial Atlantic based on particle tracking 

experiments using Global HYCOM output and NCEP winds, scaled relative to the 
percent coverage of Sargassum from satellite observations. Colored lines are a 

Sargassum transport index based on particle transport weighted by Sargassum 
percent coverage (SPC) values. Blue indicates predictions from HYCOM surface 

currents, and green indicates predictions from HYCOM surface currents with a 1% 
windage factor added from NCEP winds. For comparison the solid black line indicates 

the annual sum of SPC values across the eastern Caribbean Sea (10–22°N, 58–
63°W). For further context, the dotted black line indicates the annual sum of monthly 

averaged SPC across the western Equatorial Atlantic (Equator-10°N, 60–38°W), 
where particle tracking simulations were initiated. The y-axis is log5-scaled to aid 
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visual comparison of differences among metrics across years. (B) Relative transport 
of Sargassum from the western equatorial Atlantic into the Caribbean Sea. Of all 

Sargassum predicted to enter the eastern Caribbean Sea during the 2000–2014 study 
period, the percentage that occurred in a given year is plotted. Coloration and scaling 

of the y-axis follows conventions in panel (A). (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.xxxvii 

 
 

Figure 10 furthermore shows the relative contribution of each current system to the 
transport of Sargassum into the eastern Caribbean in each year between 2000 and 

2015. 

 

Figure 10: Percent difference from annual mean values of monthly averaged 

Sargassum percent coverage across the eastern Caribbean Sea (10–22°N, 58–63°W) 
(gray), monthly averaged Sargassum percent coverage across the western Equatorial 

Atlantic (Equator-10°N, 60–38°W) (black), and retroflected flow (in Sv) from the 
North Brazil Current (white), based on sea height anomaly fields from satellite 

altimetry and climatological data (www.aoml.noaa.gov/phod/altimetery/cvar/ 
nbc/transport.php). For retroflected flow, positive values indicate an increase in 

eastward transport.xxxviii 
 

 
The empirical evidence presented above provides the foundation needed for 

understanding the complexities associated with this phenomenon. This is the first 
step in building the capacity of stakeholders to respond to Sargassum influxes and 

enhance the growing community of practice for policy and management to support 
innovation for enterprise sustainability. Practical guidance is needed to inform future 

climate adaptation policy and management decisions in the fishery and tourism 
sectors. 
 

Fisheries 

The major impact of climate change on fisheries is due to increases in temperature 

which have been clearly documented for the Caribbean and historically positive trends 

http://www.aoml.noaa.gov/phod/altimetery/cvar/nbc/transport.php
http://www.aoml.noaa.gov/phod/altimetery/cvar/nbc/transport.php
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are largest in the Eastern Caribbean (see Figure 11). Depending on the mixed depth 
layer through which these positive increases occur, they may lead to the movement 

of pelagic fish further offshore and into deeper water, as well as affecting the 
reproduction and lifecycle of inshore fisheries. 

 

Figure 11: (A) Decadal trends in average SST in the Caribbean.xxxix 
 
  

Negative impacts from climate change that are already happening in this region 
include: damage to critical fish habitats; increasing frequency of high intensity 

storms; increased sea level, and Sargassum influxes. These are disrupting fishing 
operations, fish landings and fisherfolk livelihoods. 

 
 

Table 2 – Climate impacts affecting the fisheries and marine sectors 
in Saint Luciaxl 
 

Climate Change Impact Explanation 

Coral bleaching Coral bleaching and associated mortality due to warmer sea 

surface temperatures is leading to degradation of coral reefs 
and loss of their architectural complexity and ability to 

support commercially important fish biomass. 

Sea level rise and storms Sea level rise and more intense storms and storm surges is 
causing coastal erosion and damage to coastal habitats (e.g. 

coral reefs, mangroves and seagrass) and nursery areas for 
juvenile fish. Inundation of coastal settlements and major 

damage to fishery sector assets is also increasing. 

Changes to ocean 
currents 

Changes to ocean currents with warmer sea surface 
temperatures are affecting spawning success and 

replenishment of fish populations. Fish distribution ranges 

and species availability are also changing affecting fisheries 
productivity. 

Toxic algal blooms Toxic algal blooms are happening more frequently with high 
nutrient loads combined with warmer sea surface 

temperatures. These have negative impacts for fishes and 

humans. 
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Dissolved oxygen Critically low oxygen is becoming more frequent with 
warming waters. This results in summer fish kills expanding 

‘dead zones’ and reduced living space for pelagic species like 
billfishes and tunas, because low oxygen conditions force 

them towards the surface. 

Increased ocean acidity Increased ocean acidity due to absorption of more carbon 
dioxide is affecting survival of larval fishes, other plankton, 

and growth of coral reefs and shellfishes (e.g. conch). 

Changes in sea state Fishers are reporting changes to sea conditions (wave height, 
colour, tides) that are negatively affecting their safety and 

ability to find fish. 

Ciguatera fish poisoning Warmer sea surface temperatures are being linked to higher 

incidences of ciguatera fish poisoning in humans. 

Heat stress 

“Increasing heat stress due to global climate change is causing coral reef decline, and 

the Caribbean has been one of the most vulnerable regions. Here, we assessed three 
decades (1985–2017) of heat stress exposure in the wider Caribbean at ecoregional 

and local scales using remote sensing. We found a high spatial and temporal 
variability of heat stress, emphasizing an observed increase in heat exposure over 

time in most ecoregions, especially from 2003 identified as a temporal change point 
in heat stress. A spatiotemporal analysis classified the Caribbean into eight heat-

stress regions offering a new regionalization scheme based on historical heat 
exposure patterns. The temporal analysis confirmed the years 1998, 2005, 2010–

2011, 2015 and 2017 as severe and widespread Caribbean heat-stress events and 
recognized a change point in 2002–2004, after which heat exposure has been 

frequent in most subsequent years. Major heat-stress events may be associated with 
El Niño Southern Oscillation (ENSO), but we highlight the relevance of the long-term 

increase in heat exposure in most ecoregions and in all ENSO phases. This work 
produced a new baseline and regionalization of heat stress in the basin that will 

enhance conservation and planning efforts underway. (Figure 12).xli 
 

  

Figure 12: Heat-stress regions and their maximum annual DHW during 1985–2017. 
(a) Reef locations within heat-stress regions 1–8 (clusters) outlined by ecoregions. 

(b) Total annual maximum Degree Heating Weeks (DHW), bleaching and mortality 
risk events and trends of annual maximum DHW.xlii 
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Saint Lucia, as part of cluster 3 in Figure 12, is clearly at risk of bleaching and 
mortality events and, in line with the trends in SST seen in Figure 11, has a trend for 

increasing DHW. This extreme heating puts corals and reefs in the Saint Lucia region 
at risk. 

 
Damage to coastal infrastructure 

 

Coastal infrastructure is at risk from SLR and increased storm surges in the future. 
In particular we are concerned with fisheries related infrastructure (jetties, lockers, 

freezing facilities, etc.) at key landing sites. Figure 13 shows that sea level has been 
increasing in the Caribbean region between 1993 and 2010. Positive trends are 

particularly large in the eastern Caribbean in the region of Saint Lucia and based on 
future projections (not shown) these trends are expected to increase at a faster rate 

in the future. 
 

  

 
Figure 13: Sea-level trends (mm yr_1) for the period 1993–2010 from (a) altimetry, 

(b) altimetry after the application of the GIA correction, and (c) altimetry after the 
steric component and the GIA correction are removed. Gray stippling indicates the 

areas where the trends are statistically insignificant. The box limits in Figure 13b are 
12.5_N–14.5_N and 70_W–75_W.xliii 
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Figure 14 shows the expected storm surge from areas determined to be at risk from 

a 1 in 50-year event. These datasets present the first global reanalysis of storm 
surges and extreme sea levels (GTSR data set) based on hydrodynamic modelling. 

GTSR covers the entire world’s coastline and consists of time series of tides and 
surges and estimates of extreme sea levels. Validation shows that there is good 

agreement between modelled and observed sea levels, and that the performance of 
GTSR is similar to that of many regional hydrodynamic models.xliv 

 

Figure 14: Risk of 1 in 50-year storm surge.xlv 
 

 
Future projections and current observations suggest that interventions are urgently 

needed to protect coastal infrastructure at landing sites. Measures for protection 
include ‘climate proofing’ infrastructure to withstand extreme events. Not all solutions 

need to be engineered interventions as in the case of Dennery, but some soft 
approaches can be taken into consideration when building resilient structures. 

 
 

Adaptation/mitigation measures 
 
We propose the following integrated solutions to address the problems that are 

affecting the fisheries and marine sectors in Saint Lucia. Practical guidance is offered 
to inform future climate adaptation policy and management decisions in the fishery 

and marine sectors. Each solution has implications for improving biodiversity and the 
livelihoods for fisherfolk and by extension the citizens of Saint Lucia. 

 
Sargassum Early Warning and Management 

 
• Sargassum forecasts integrated into the FEWER app 

 
The communication of reliable long- and medium-term forecasts of Sargassum 

arrivals is critical for the Caribbean region for adaptation and innovation to this new 
climate hazard and opportunity. Integrating predictions from the sub-regional 

Sargassum outlook bulletin produced by CERMES, and USM into the Fisheries Early 
Warning and Emergency Response (FEWER) mobile app, can communicate the 

implications of forecasts to the fisheries sector in a simple format so that stakeholders 
can easily understand and benefit from the forecasts. We propose the inclusion of the 
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Sargassum abundance intensity gauge graphics to illustrate observations and the 
forecast. Short, simple descriptions of the implications of the forecast can also be 

included. We anticipate this initiative will facilitate wider access to specifically tailored 
early warning information allowing better decision-making processes. 

 
• Revisions and implementation of the existing Sargassum Management 

Plan 

 

There is a critical need for comprehensive management planning for increased 
resilience to, and benefit from, Sargassum influxes. Sargassum management 

planning should be addressed in the context of a phenomenon that is both currently 
a threat and opportunity. The main elements of an adaptive management plan for 

Sargassum should seek to foster improved resilience to Sargassum influxes as well 
as opportunities for economic benefit. 

 
A draft Sargassum management plan xlvi  has been developed under the Climate 

Change Adaptation in the Eastern Caribbean Fisheries Sector Project (CC4FISH) for 
specific communities on the East Coast of the Island. The current draft provides both 

a day-to-day and long-term plan for the management of Sargassum. It includes the 
standard methods for cleaning on-shore sites and sea areas. It also provides 

guidelines which serve to protect fishermen’s livelihoods by minimizing the damage 
to fishing gear and allowing fishermen to have full use of fish landing sites. 

 
There is an opportunity to revise the plan and scale it up to the national level with 

special emphasis on exploring the current and potential uses of Sargassum. The plan 
can also address best practices for removal including recommendations for 
equipment to deflect or remove large amounts of biomass without sand removal. 

Other adaptations specific to sectors may include fish gear modifications. The plan 
must remain a dynamic, primarily electronic, document updated regularly and 

preferably maintained as a series of web pages with the most current data and 
information. Participatory geographic information system (PGIS) data with a citizen 

science component will be useful to engage a critical mass of collaborators. 
 

Coral reef restoration to support the MACREAS Project 

 
Coral reef restoration efforts in Saint Lucia to date have included public-private 

partnerships to create livelihood opportunities in vulnerable fishing communities and 
increase the resilience and ecosystem functionality of inshore coral reefs around Saint 

Lucia. The current technique employed has reaped success in propagating Elkhorn 
(Acropora palmata) and Staghorn (Acropora cervicornis) corals. No attempts have 

been made in Saint Lucia to date in the propagation of massive corals such as 
Orbicella faveolata and Montastrea cavernosa. These species are slow growing and 

slow to recruit but are more resilient to thermal stress and local stressors when 
compared to faster growing species such as staghorn coral. The slow-growing nature 

of massive corals has restricted the utility of these species in restoration; however, 
they show great promise as candidates for restoration due to their high tolerance for 

thermal stress and high survival rates in early transplant work. 
 
Page et alxlvii outlines a new technique for propagating massive corals called micro-

fragmentation. Microfragments are cut to ∼1 cm2 or less and grown in a land-based 

nursery to ∼6 cm2 prior to outplanting. This study suggests that if predation events 
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are reduced, massive corals can be successfully grown and outplanted for restoration 
purposes. 

 
Given the success of this method, we propose the implementation of a micro-

fragmentation pilot project to support ongoing restoration efforts in Saint Lucia 
including the GCF-funded MACREAS1 project. Activities under this pilot may include 

a feasibility study to determine ideal project sites and selection of massive coral 
species; training of local scientists and marine stakeholders in micro-fragmentation 

techniques; revisions to the existing NVQ in Coral Restoration to include micro-
fragmentation and fusion; construction of a land-based nursery to support the 

propagation of 5,000 fragments; outplanting exercises to nearby coral reefs; and a 
three-year monitoring programme to determine growth and survival of fragments, 

and resilience to extreme heat stress events. A public and awareness campaign 
should be implemented to raise awareness and communicate the successes of the 

method. This campaign will require the development of a communications strategy 
and plan and a monitoring and evaluation framework. 

 
If the pilot is successful, then there may be opportunities to propose a sustainable 

financing mechanism for expanding to other sites. This may be achieved through 
public-private partnerships that involve the tourism sector. 
 

Establishment of a Network of Marine Managed Areas 

 
Soufriere Marine Management Area (SMMA) and the Canaries & Anse La Raye Marine 

Management Area (CAMMA) are two marine managed areas located on the south-
west coast of Saint Lucia. These areas were designated to conserve the natural 

marine environment and ensure sustainable use and development of the Areas 
particularly within the fishing and tourism sectors. Each marine managed area is 

divided into one of five zones: Marine Reserves, Fishing Priority Areas, Multiple Use 
Areas, Yacht Mooring Areas and Recreational Areas. The Soufriere Marine 

Management Association Inc. is a self-sustained not-for-profit NGO authorised by the 
Government of Saint Lucia to manage both SMMA and CAMMA. 

 
There have been reports of illegal fishing in marine reserves, and conflicts between 

marine stakeholders. This has resulted in the breakdown of trust which is a hindrance 
to proper governance arrangements. To remedy these problems, we propose a 

project to revise the zonation within existing marine management areas with special 
emphasis on revisiting the location of marine reserves (no-take areas). In addition, 

we recommend the extension of the Maria Islands Reserve to create a new marine 
managed area on the south-east coast of the island called the Pointe Sable Marine 

Management Area (PMMA). The newly designated area can be proposed as a natural 
extension of the Pointe Sable Environmental Protection Area (PSEPA) which extends 

from Sandy Beach, Vieux Fort to Savannes Bay. The MMA will be extended further 
offshore.  
 

The establishment of a network of marine managed areas may require high 
investments of time and financial resources in the initial stages. A sustainable 

financing mechanism would be needed to support the proposed activities after the 

 
1 Mainstreaming coral reef resilience and restoration as an ecosystem-based adaptation strategy to climate change in the Caribbean 
region (MACREAS). 



 

 25 

project has ended. The collection of user fees in SMMA can be adopted at the PMMA 
along with other innovative blue financing mechanisms including piloting the micro-

fragmentation coral nurseries in the network of marine managed areas to provide an 
attraction for locals and ecotourists. 

 
Climate resilient coastal infrastructure 

 

Saint Lucia’s fishing sector is particularly vulnerable to damage and loss to fishing 
equipment and vessels, which directly impacts the livelihood of fisherfolk in many of 

the rural and poverty-stricken segments of Saint Lucia population. As such, it is 
critical that Saint Lucia’s fishing sector prioritizes the integration of climate resilience 

throughout the sector, with a particular focus on climate proofing fishing 
infrastructure and fishing equipment. 

 
Fishing in Saint Lucia is largely artisanal with vessels dominated by small fibre-glass 

pirogues and canoes. As such, in the event of an extreme weather event, fishers 
usually experience damage to vessels due to lack of proper shelters. 

 
To insure fishers against the impacts of climate change, the following interventions 

are proposed: 

• Develop facilities inland where fishing vessels can be stored securely during 

the passage of a hydrometeorological event; 

• Develop a insurance mechanism for fisherfolk, e.g.  

o With the assistance of the World Bank, the Caribbean Catastrophe Risk 

Insurance Facility (CCRIF) piloted a parametric insurance in Grenada 

and Saint Lucia specific to fisherfolk – The Caribbean Ocean and 

Aquaculture Sustainability Facility – COAST. This pilot needs to be 

promoted and rolled out at a national level; 

• Provide training to fisherfolk in international best practice for securing vessels. 
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Climate Science Basis: Forestry in Saint Lucia 
 

Lead authors: Flavio Justino, Jose Camacho and Jorge Vasquez. 
Authors:  Ruth Phillips Itty, Suzanna Aurelien, Rebecca Rock, Maxx Dilley and, 
Andre Joyeux. 

 
 

Introduction 
 

For Saint Lucia, the forestry sector offers opportunity through the multiple benefits 
forests (adaptation and mitigation) provide to other sectors.  

 
Forests are responsible for: 

• Carbon capture; 

• Land/slope stabilization (leading to less landslides); 
• Water retention/supply; 

• Reduced sedimentation into water ways (leading to healthier coral reefs, 
having a positive impact on tourism). 

 
These benefits need to be kept intact in the face of climatic and other non-climatic 

threats (human pressures) to maintain and enhance sustainable development for 
Saint Lucia. xlviii  The Forest and Lands Resources Division Strategy 2015-2025 

includes, in Strategy 3, building resilience to climate change and there is a clear focus 
“to ensure that Saint Lucia participates and benefits from global initiatives to address 

climate change”. 
 

Saint Lucia’s forests comprise approximately 34% of the island’s landmass with 215 
ha of forest acting as a habitat for rare birds and plants.xlix Forests, in particular, are 

essential for water and soil conservation, as these ecosystems absorb and buffer the 
flow of watercourses after heavy rains, providing protection to underlying areas from 

flooding. 
 

In the 2009 Forest Inventory l  it was estimated that Saint Lucia’s forest stores 
approximately 5.5 million tonnes of carbon and if the forests were destroyed 
20,381,496 would be released into the atmosphere. Due to the rapid development 

presently occurring on Saint Lucia, forests will play a pivotal role in helping to reduce 
the emissions from the atmosphere.  

 
Saint Lucia has recorded many landslides from past extreme weather events 

(available at https://www.mona.uwi.edu/uds/Land_St_Lucia.html), degraded areas 
on hillsides and riverbanks contribute to these events as there is little vegetation to 

hold the soil together and keep it from slipping. Deep-rooted forests secure the soil, 
and this leads to increased slope stabilization. 

 
Problem identification 

 

https://www.mona.uwi.edu/uds/Land_St_Lucia.html
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Extreme weather events and heavy rainfall often result in massive landslides from 
the mountainous slopes of Saint Lucia, as was recently experienced during Hurricane 

Tomas in 2010. Damages to the forestry sector, excluding damage to forest roads, 
riverbanks and soil structure, have affected the country’s economy. The already 

increasing intensity of hurricanes is causing more severe damage, with potentially 
longer-term consequences for the integrity of the forest structure and canopy. 

Predicted changes in precipitation patterns and increased average daily temperatures 
could result in a loss of rainforest zones and an associated increase in tropical dry 

forest zones. Higher temperatures and reduced moisture could result in forests 
becoming much drier, possibly destroying epiphytes, which provide important habitat 

for birds, insects and reptiles. Potentially, habitats of endangered and endemic 
species could be lost altogether.li 

 
Saint   Lucia’s   NAP   process   identified   three   main   conditions   contributing   

towards   the   island’s vulnerability to climate change, namely: a) its small 
geographical area, which accounts for the fact that climate-related hazards take on 

country wide proportions; b) its location in an area of volcanic, seismic and cyclone 
activity; and c) its dependency on economic sectors that are directly affected by 

climate variability   and   change: tourism  and   agriculture. Specifically, the NAP 
process highlighted future climatic factors that could affect Saint Lucia’s terrestrial 
ecosystems, with an emphasis on forests. These   are   summarized   in   Table   1, 

highlighting that Saint Lucia’s vulnerability is expected to increase with time as global 
temperatures rise, making adaptation to climate change an urgent national priority. 

 

Table 1 – Environmental response to climate change and variabilitylii 
 

Impacts Repercussions 

Extreme weather events (intense rainfall events, 

hurricanes, high winds, storm surges) to be likely 

more frequent. 

The resilience of Saint Lucia’s 

natural ecosystems could be 

exceeded with the direct and 
indirect impacts of climate 

change. Any decline in the 
health of the island’s 

ecosystems will affect the 

goods and services that they 
offer, and have a profound 

effect on the wellbeing, 

livelihoods and economy of 
Saint Lucians. Freshwater, 

clean air, fertile and stable 
soils, healthy fisheries, native 

forest foods, medicines, fibres 

and wildlife, all depend on 
healthy ecosystems. Changes in 

these services could lead to:    
Increased health care costs. 

Destruction and damage of unique terrestrial animal and 

plant habitats due to the direct impact of extreme 
weather. 

Increased susceptibility of forest trees to breakage. 

Declining integrity and health of coral reefs and 
mangroves will also lead to reduced protection against 

extreme winds and storm surges as these ecosystems act 

as coastal defenses for the pro land-based resources, 
communities and infrastructure.   

Exacerbated soil erosion resulting in increased sediment 
loads reaching watercourses and the sea, carrying agro-

chemical residues and other pollutants.  

Increased risk of land slippage, particularly in areas with 
highly altered ecosystem structure, including those 

denuded of vegetation.   

Long lived events, higher temperatures, prolonged 

and intense dry episodes and drought. 
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Impacts Repercussions 

Changes in ecosystem composition and structure take 

place as temperature rises and species migrate in search 
of the climate conditions to which they are better suited.  

Species distributions change, and some species will be 

lost.  

Increased exposure to 

Hydrometeorological hazards 
and risk of disasters. 

Loss of land productivity and 

nutrient cycling (and 
agricultural yields/food 

security). 

Reduced climate change 
adaptation and mitigation 

options  
Loss of biodiversity and 

biodiversity-dependent 

activities (e.g. honey 
production, eco-tourism). 

Increased 
opportunities/conditions for 

invasive alien species to spread. 

Lower incomes. 
 

Increased risk of forest fires, damaging ecosystems 

during long dry periods and further weakening their 

ability to recover. 

Wetlands, watersheds, riparian and freshwater 

ecosystems and species affected by warmer 
temperatures and reduced stream flows could be 

exacerbated by increased abstraction of river waters to 

cover increasing freshwater demands. Some effects 
include: 

Reduced forest productivity and phenological changes 
(i.e. flowering, fruiting) are to be expected with water 

stress and higher temperatures. 

Loss of habitat, foraging substrates, nesting and roosting 
sites for wildlife, increasing their vulnerability to 

predation.  
Reduced water and food availability for wildlife. 

Alteration in species breeding periods 

Increase in forest pest and disease outbreaks. 

Reduced vegetation cover will exacerbate soil erosion. 

Reduced stream flows will also facilitate the extension of 

saltwater intrusion (due to SLR) in low lying 
watercourses, with salinity further affecting riparian 

ecosystems in these areas.   

Forest reserves may face increasing land-use conflicts as 

coastal populations and activities relocate. 

Coastal sea level rise. 

Inundation and resulting degradation of wetlands and 

other ecosystems in low-lying areas (e.g. low-lying dry 
forests). 

Increasing seawater intrusion into coastal waterways will 

affect the composition of freshwater and riparian 
ecosystems. 

Migration or loss of wildlife species from altered habitats. 
 

 

Data and science identification and production 
 

Assessment methods 
 
The analysis was guided overall by the draft methodology for enhancing the climate 

science basis for GCF funded activities prepared by WMO, available at 
https://climateinformation.org. The methodology contains a wide variety of 
techniques and tools for characterizing the past, present and future behaviour of 

climate indicators associated with societal and environmental impacts. We drew on 

https://climateinformation.org/
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these to assess the behaviour of specific climate indicators and indices relevant for 
forests, both in terms of their impacts as well as to provide a climate science basis 

for effective actions. 
 

Data and analyses 
 
Historical data used in the analysis were provided by Saint Lucia’s National 

Meteorological Service. Daily timeseries of temperature and precipitation are 
available for two observation sites located at the airports George F. Charles and 

Hewanorra (Figure 1). Since previous years, these climate records have passed 
through rigorous quality control processes involving Saint Lucia NMHS.liii 

 
 

 

Figure 1: Daily precipitation and temperature data provided by Saint Lucia 
Meteorological Service. We used these data to compute a variety of indices based 

relevant for forestry, shown previously, using Climpact, including with new 
capabilities prepared specifically for this type of analysis (https://climpact-sci.org). 

These indices revealed trends and variability important for forest management now, 
as well as indications of potential emerging tendencies towards potential future 

conditions. 
 

We used these data to compute a variety of indices based relevant for forestry, shown 
previously, using Climpact, including with new capabilities prepared specifically for 

this type of analysis (https://climpact-sci.org).  These indices revealed trends and 
variability important for forest management now, as well as indications of potential 

emerging tendencies towards potential future conditions 
 

To assess future conditions, we used projections of relevant variables made available 
through https://climateinformation.org, the Climate Information Platform developed 
by the Swedish Meteorological and Hydrological Institute for this purpose. At the time 

of this writing, this platform provides uncorrected model outputs from the Coupled 
Model Comparison Project (CMIP5) for a wide variety of climate indicators. Our 

analysis uses comparisons between mean annual and monthly values for a reference 
period (1971-2000) and 2041-2070 for RCP 4.5 using an ensemble of all available 

General Circulation Models. 
 

https://climpact-sci.org/
https://climpact-sci.org/
https://climateinformation.org/
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Climate data with focus on wildfires 
 

The temporal evolution of three indices based on observed datasets in Saint Lucia 
can be used to illustrate the increasing risks to forests associated with changes in 
climate parameters, such as temperatures and precipitation (Figure 2). As can be 

observed, those indices show increased numbers of consecutive dry days and 
increased number of heat waves. Due to the length of the time series those trends 

shown in Figure 2 are not statistically significant but indicates that weather 
characteristics are going toward fire prone environment. These conditions favour 

increased wildfire potential because higher temperatures plus no/less precipitation 
can affect evapotranspiration and damage the structure of the forest. Prolonged 

droughts increase the amount of combustible materials (litter) opening the possibility 
to a larger number of erratic fires. Fire activity also depends on the type of forest. 

Forests with deeper rooted trees, such as evergreen tropical forests, are more 
resilient to changes in temperature and water availability with respect to deciduous 

forest, cropland or savannas and therefore, though experiencing lower hydrological 
stress and fire susceptibility. 
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Figure 2: Maximum annual number of consecutive dry days (when precipitation < 
1.0 mm) and HWF Heatwave Frequency (number of days contributing to heatwave 

events). Blue triangle indicates that in the specific year there were no sufficient data 
to calculate the index. 

 
 

On climate change timescales, it can be noticed that most of climate parameters as 
shown in Figure 3 indicate a propensity towards conditions favouring the die-back of 

the forest and higher susceptibility to fire development. According to 19 climate 
models in the framework of the Coupled Model Inter-comparison Project (CMIP5, see 

below), mean temperatures will increase by 1.3°C, varying from 1.1 to 1.4°C. 
Precipitation changes may be reduced by 12% by 2041-2070 but exhibits large 

variability from –5 to –15%.  An increased number of days without precipitation and 
lower soil moisture content by up to –25%, are also factors that will enhance the 

vulnerability of the ecosystem, including prone fire-weather conditions. 
 

 

Figure 3: Projected changes in 2041-2070 of near surface air temperature (a), 
precipitation (b), dry spells (c) and soil moisture (d) based on 19 global models with 
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respect to 1971-2000 under RCP 4.5. The box plot shows the minimum, first quartile, 
median, third quartile, and maximum projected values. The horizontal line goes 

through the box at the median. 
 

 
The impact of future climate conditions on wildfire potential liv is shown in Figure 4. It 

is evident that a warmer and drier climate will lead to increased fire risk as well as a 
longer fire season. Analyses for the period 1951-1960 indicates that the preferential 

fire risk season took place from January to May whereas it is projected to be extended 
until July for the 2061-2070 interval. These characteristics are pictured for both the 

rainforest and open shrub land vegetation, however the increased fire risk in the 
former is more prominent. 

 
 

 

Figure 4: Decadal mean fire risk potential according to the MPI-ESM-LR global model 
for SLU taking to account to different vegetation type: (a,c) for open shrubland (b,d) 

rainforest. 
 

 
Increasing temperature and decreased rainfall are expected to affect the spatial 
distribution of forest types (Figure 5). 
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Figure 5: Increasing temperature and decreased rainfall are expected to affect the 

spatial distribution of forest types. 
 

 
Value added to previous analyses 

 

Previous national studies incorporating results from climate models are identified in 
Saint Lucia’s National Adaptation Plan (NAP) (see Text Box 1). 

 

 

 
The current analysis adds value to these previous studies in three ways: 

Text Box 1 – Climate models developed for Saint Lucia (National Adaptation Plan 
2018-2028) 
 
In the National Adaptation Strategy and Action Plan for the Tourism Sector (2015), the 5Cs and the 
GoSL present the results of statistical and dynamic downscaling approaches using SRES scenarios 
(and where possible or available, the IPCC’s RCP4.5) for projecting Saint Lucia’s temperature and 
rainfall in the 2031-2040 and 2051-2100 periods, relative to the 1961-1990 baseline. 
 
The Third National Communication to the UNFCCC (2017) presents projections of temperature, 
precipitation and water excess and deficits (P-E) for the 2040-2069 and 2081-2100 periods, relative 
to the 1981-2015 baseline. The projections were obtained using PRECIS-downscaled scenarios of two 
climate models (HadCM3 and ECHAM5) and one SRES scenario. 
 
In 2012, the CARIBSAVE Partnership published Climate Change Risk Profile for Saint Lucia the most 
comprehensive climate change projections for Saint Lucia to date. This study generated climate 
model projections of future scenarios using both a Global Climate Model (GCM) ensemble of 15 
models and the Regional Climate Model (RCM), PRECIS downscaled. The RCM was used to provide 
projections at a finer spatial scale (and thus give a better physical representation of the local climate) 
than GCMs. 
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• The current analysis includes an assessment of historical variability and 
extremes as well as information from future climate projections; 

• The current analysis provides an additional selection of projections to those 
used in previous studies; 

• The current analysis includes a wider variety of indices and indicators relevant 
for the forestry sectors. 

 
Additional vulnerability and risk factors 

 

• With the demise of the banana industry, deforestation for agricultural purposes 
is minimal, however if another crop were to replace bananas and become a big 

income earner then this might lead to major deforestation; 
• Only 15% of Saint Lucia’s forest areas are forest reserves; 

• Where forests are not within a reserve (i.e. privately owned) there is no control 
over how they are managed or used; 

• No land-use policy has been adopted by the Government of Saint Lucia that 
would provide the national framework for land use, land use change and 

management of forests; 
• REDD+ is a way to contribute to mitigation targets and benefit communities. 

There is a need to measure fluxes from the forest, however, and to quantify 
the contribution to carbon capture the forest makes. However, currently, that 

data is not being captured; 
• Not enough data is currently available from the forest sector to conduct a GHG 

inventory. A forthcoming consultancy undertaken by Department of 

Sustainable Development will seek to advance and fill this gap through the 
development of a national GHG inventory. The Forest Department is also 

positioning Saint Lucia to be REDD+ ready, in order to provide PES (identified 
solution) in the future; 

• Future trajectory of fire potential. 
 

 

Adaptation/mitigation measures 
 

The NAP laid out a number of measures applicable to the forestry sector within each 
of its outcomes for cross-cutting themes and natural resources (Saint Lucia NAP). 

With the additional analyses undertaken during this workshop a number of areas 
were identified as priorities for future action. Recognizing there is currently no Land 

Use Policy adopted for Saint Lucia, which would be a key enabler for overcoming a 
number of related anthropogenic impacts, the response required for the forestry 

sector will involve land use management actions that can be undertaken without this 
in place yet that would still be able to transform the sector.  

 
Key measures highlighted by the analyses to protect forests and preserve/enhance 

benefits under current/expected climate and other conditions include: 
• Implementation of wildfire policy and enhance capacity: Concerns on 

the safety of the persons, habitats and other assets located on both public and 
private lands; and the fact that there is no set system to efficiently manage, 

control or mitigate the incidence of wildfires make the need for a measure to 
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efficiently manage and suppress wildfires a must. A wildfire policy ensures that 
there is consistency in the approach to the management of fires. Data on 

location, availability of resources, weather predictions, topography, air quality 
and predictions on fire behaviour are all necessary in implementing the best 

management decisions for present and future incidents; 
• Land use policy adopted: The forest reserve is already protected under the 

Forests, Soils and Water Conservation Act. However, forest cover along the 
peripherals of the forests, and especially on privately owned lands, are affected 

by human drivers in pursuit of improved livelihoods. A land use policy would 
facilitate the collection of time series data including data on land use and land 

cover for tracking changes in order to aid the understanding of land use and 
land cover dynamics. In addition, it would allow the assessment of the goods 

and services provided by the forest; 
• Land use management actions: Immediate actions in the absence of a Land 

Use Policy being adopted could include working towards Saint Lucia becoming 
REDD+ ready (which is already underway), enhancing options for Payments 

for Ecosystem Services, increasing ecosystem services and scaling up current 
projects (e.g. the IWECO project) focusing on reforestation and agroforestry, 

to contribute towards transforming the sector. Forested lands that are located 
along the peripherals of the forest’s reserves are especially under threat of 
land degradation. These areas are often under private land ownership and the 

ecosystem benefits that these areas offer far exceed the desire to preserve. In 
cases where the government may opt to not acquire the said lands, programs 

such as REDD+ or PES could offer the landowners incentives attractive enough 
to preserve these invaluable ecosystem services; 

• Biodiversity and climate nexus that uses Nature Based Solutions 
(NBS): Specific actions include planting more mangroves instead of 

developing hard infrastructure like sea wall defenses, and tree planting instead 
of terracing on steep slopes, which still fit within existing policies and future 

economic development plans. Engineered solutions geared at mitigation and 
adaptation to the effects of climate change bring solutions whose benefits are 

recognizable within the short term, but they are often costly to implement and 
to maintain.  NBS present low cost, low risk and low maintenance options that 

are effective and sustainable. NBS offer cost effective investments to the 
government and an opportunity to allow the local people to build trust in their 

new environment as they adapt to the changes.  NBS interventions must be 
monitored and evaluated so that their results could be used to improve future 

decision making. Economically viable options that work would be better 
accepted by policymakers as economic benefits would alleviate the fear to 

invest in such options; 
• Increase tree cover outside of forests, including the Urban Greening 

project proposed as part of the Castries Redevelopment programme 

(Vision 2030): Castries is severely prone to flooding. Trees offer a number 
of ecosystem services within urban areas. These include the management of 

storm water, reduced storm water runoff on the roads and sidewalks would 
spell savings as the amount of drainage infrastructure required would be 

reduced. In addition, trees offer additional benefits such as reduced 
temperatures, improved air quality and a general improvement in the health 
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and well-being of persons through the benefits of reduced smog formation and 
the filtering out of pollutants in the air; 

• Use of high resolution (10 x 10 km) downscaled climate models, 
coupled with water balance and adequate forest models: Measures to 

protect forests, preserve/enhance benefits under current/expected climate and 
other conditions. Many of the flora and fauna in Saint Lucia are unique to the 

Island and as such it remains a challenge to apply models that do not 
appreciate the conditions that are unique to the Island. High-resolution climate 

change models would offer data at a scale more reflective of the conditions, 
topography, precipitation and other conditions within the area under study. 

FAO Modelling System for Agricultural Impacts of Climate Change (MOSAICC) 
provides one example of that approach by combining downscaled data from 

climate scenarios with water, crop, forestry and economy models to derive 
guidance on the impacts of climate change for sub-sectors 

(http://www.fao.org/in-action/mosaicc/models/forests/en). This would 
improve the confidence in, and add value to, the results obtained; 

• Use of climate-vegetation climate models vs MODIS/ESA satellite datasets. 
 

 

Additional work needed 
 

In order to ensure the most up to date and accurate analyses of climatic factors 

impacting the forestry sector that can be used for future GCF activities, a number of 
areas were identified where future work will be needed. National actors play specific 

roles in the collection, analysis and dissemination of climate related data. For 
example, while the National Meteorological Office currently has the capacity to 

provide data collection, with upgrades to the department, analysis on the data 
collected would also be possible in the future. Table 2 outlines the key areas that 

should be explored either as part of a GCF proposal development process, such as 
the Project Preparation Facility, or through other means. 

 

Table 2 – Additional work needed to enhance climate science basis 
for Saint Lucia 
 

Activity Timeline Additional 

support 
identified 

Led by 

Needs assessment/detailed assessment 

of gaps to be filled in order to undertake 

development of high-resolution models - 
external technical assistance may be 

required / input in to GHG inventory 

consultancy. 

2019/2020 Coalition for 

Rain forest 

Nations. 
Caribbean GHG 

hub 

Government 

of Saint 

Lucia: 
Depart of 

Forests, with 

key 

partners. 

Rerun projections with (corrected) higher 

resolution than CORDEX 50km outputs 

when available. Rerun with subset of 

CMIP5 models, corrected. 

By March 2020  GOSL with 

WMO/SMHI 

Satellite data (NOAA, NASA ESA, FAO) 

and other data base to build 30 years of 

vegetations indices from existing data 

2019-2020 Coalition for 

Rain forest 

Nations.  

Government 

of Saint 

Lucia: 

http://www.fao.org/in-action/mosaicc/models/forests/en
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bases. Vegetation 

model 
reconstruction  

FAO 

Depart of 

Forests, with 
key 

partners. 

Use data from MODIS (looks as size and 

temperature of fire) and SLU fire dept 
(putting out wildfires) and now Forest 

Dept collect data on wildfires for several 

years. 

March 2020  GOSL with 

WMO/SMHI 

Compute fire risk based on data in 
weather stations or locally collected data 

and compare with CORDEX or other 

satellite data to see the difference using 

Potential Fire Index model. 

March 2020  GOSL with 
WMO/SMHI 

Government 

of Saint 

Lucia: 
Depart of 

Forests, with 

key 

partners. 
 

Fire risk map – areas most vulnerable to 

fire using the data available 

(observational data collected data – 
temp, precipitation and humidity) and 

use ArcGIS. 

Dec 2019 This has been 

completed 

Government 

of Saint 

Lucia: 
Depart of 

Forests, with 

key 

partners. 
 

Monitoring watershed: measure sediment 

in sand determines water availability and 

less erosion occurrence in forested areas. 

   

Development of/updating current 

concept notes in Resilient Ecosystems 

Strategy and Action Plan to include more 

specific forestry adaptation related 
measures. 

October 31st, 2019 Activity under 

development 

of the RESAP 

GOSL – Dept 

of Forests 

with DSD 
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Introduction 
 

The island of Saint Lucia is one of the Windward Islands, located in the Eastern 
Caribbean within the Lesser Antillean Arc bordering the North Atlantic tectonic plate, 

see Figure 1. The island is part of the volcanically-active ridge formed along the 
subduction zone of the Caribbean plate. It started to emerge as a series of volcanic 
peaks some 18 million years ago with the northern, middle and central parts being 

the oldest, while the lower southwest portion of the island contains recent activity 
from the Soufriere Volcanic Centre (SVC). The island’s geological origins give rise to 

its rugged, mountainous terrain and deep valleys and rivers. The island is 42 km long 
and 22 km wide at its widest, with a land area of approximately 616 km2. 

 
Climatically, Saint Lucia has a tropical rainforest climate moderated by northeast 

trade winds, with a relatively cool, dry season from January to mid-April and a hot, 
humid and rainy season from mid-June to November. According to the 2010 national 

census the population was 165,595. The United Nations Population Division estimated 
the population to be 182,000 in 2018. Approximately 55% of the population lives 

either in and around the capital Castries or the tourist hub of Gros Islet, and 
approximately 20% of the total population is considered urban. Approximately 35% 

of the population is under 24 years of age with 12% being 65 or over. Emigration 
rates are high and since 2013, annual population increase has been around 0.5%. 

 
Saint Lucia is considered to have a small, open economy which is reliant on foreign 

business and investment, such as offshore banking and tourism. Tourism is the 
country’s main source of jobs and income accounting for 65% of GDP. Agriculture 

and. in particular. banana production, had been the mainstay of the post-
independence economy but this has declined significantly and now contributes less 
than 3% to GDP. However, up to 20% of the population are engaged in some form 

of agriculture, mostly on small holdings of two hectares or less. The GDP per capita 
is estimated at US$ 12,343 (2018) at Purchasing Power Parity putting it in the World 

Bank’s upper middle-income category.  Being an open economy, Saint Lucia’s GDP 
growth is vulnerable to external shocks as well as climatic factors. Since 2000 it has 

varied between a high of 7% to a low of 3%, with at least half of the years showing 
declines. According to the 2017 Third National Communication, economic industries, 

sectors and activities exposed to climate change account for over 60% of GDP. Public 
debt as a percentage of GDP was estimated to be 65%. The GINI coefficient was 

estimated to be 51.2 (2018), and unemployment rates of around 20% of the working 
age population. Over 50% of the poor are under the age of 20 and the incidence of 

poverty is slightly higher among men than among women (29% and 25% 
respectively). The census also showed that about one third of the population is 
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economically active and that from the economically active population, 22% are 
employed in agriculture, 25% in manufacturing and 53% in the services sector 

(tourism and other services). According to the 2010 census, over 40% of households 
in Saint Lucia are headed by women. 

 
Saint Lucia is considered to be highly vulnerable to climate change due to three main 

conditions:  
• It’s small geographical area, which accounts for the fact that disasters take on 

country‐wide proportions; 

• It’s location in an area of volcanic, seismic and cyclone activity;  
• It’s dependency on economic sectors that are directly affected by climate 

variability and change. 
 

The vulnerability of the island is expected to increase with time as global 
temperatures rise, making adaptation to climate change an urgent national priority. 

Without adaptation, lives and livelihoods will be lost. 
 

 

Figure 1: Location of Saint Lucia.lv 
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Problem identification 

 
At first examination Saint Lucia should not have a water supply problem. Total 
renewable water resources per person has been estimated as 1,648 m3/yearlvi 

meaning that according to the water withdrawals 14%lvii of the annual renewable 
water while annual water withdrawals per person are 252 m3.lviii The WEI is less 

than 20% of the suggested threshold for water stress, though the FI is slightly 
below the 1,700 m3/year, indicating potential water stress. Of the 42.9 million m3 

abstracted from surface water resources in 2007, 71% was used for agriculture, the 
balance for municipal supply. However, the country relies exclusively on surface 

water resources for its water supply and almost all of the catchments are relatively 
small and characterized by steep terrain over which runoff occurs fairly rapidly 

resulting in limited percolation.  
 

Because of this, not all catchments can be viably utilized for water supply. 
Furthermore, stream flows fluctuate by at least 25% between the wet and the dry 

season. With the growth in water demand and the limitations on existing water 
sources there is already a 35% water supply deficit.lix Saint Lucia’s water 

infrastructure is vulnerable to the effects of extreme hydro-climatic events. The 
John Dam was built in 1995 to address the catchment constraints noted above and 

to meet the growing demands of the northern half of the country (supplying >55% 
of the population). In 2010 heavy rainfall brought by Hurricane Tómas caused 
landslides which damaged the pump station and treatment works, and the 

Christmas storm of December 2013 created a large landslide into the reservoir 
reducing its capacity by more than 30%. 

 
Given the expected changes in climate and climate variability, the water sector will 

become more vulnerable and continue to experience the following climate induced 
impacts compromising its ability to provide a safe and resilient water service: 

• Reduced river flows with higher temperatures, increased evaporation, long 
dry periods and reduced annual precipitation;  

• Destruction or damage of raw and potable water pipelines, intakes, dams and 
reservoirs during extreme weather events, leaving settlements without 

water, or with poor water quality;  
• Increased cost of maintaining water infrastructure;  

• Increased cost of treating and supplying potable water;  
• Siltation of river systems, dams and reservoirs due to increased soil erosion 

during heavy rainfall events;  
• Sporadic availability of potable water due to droughts or floods; 

• High turbidity during the rainy season that cannot be treated quickly at water 
treatment plants. 

 
The next section presents an assessment of the climate science basis and outlook 
over the next several decades for support for Saint Lucia’s water sector. 
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Data science identification and production 
 

Background 

 
Saint Lucia relies almost exclusively on surface water resources for its water supplies 
and the quantity and quality of surface water is directly determined by the interplay 

of climatic variables (e.g. precipitation and temperature, wind), interacting with the 
physical environment (e.g. landforms, surfaces, soils and vegetation). Changes in 

climatic variables will therefore determine water availability and water yield from the 
environment. Evidence from the monitoring of climatic variables over the last three 

decades have detected changes in precipitation patterns as well as increasing 
maximum and minimum daily temperatures. There is also evidence of decreases in 

stream flows. Climate projections for the mid and end century, produced by the 
University of the West Indies Climate Studies Modelling Group (CSMG), indicate that 

the trends already detected in the historical climatic record will continue. Changes in 
precipitation patterns leading to decreases in rainfall and increases in temperatures 

will directly impact water yield and availability from catchments. Headline indicators 
of water yield and run-off under future conditions show a significant decrease. Thus, 

climate change projections, irrespective of emissions scenario, will decrease the 
availability of water resources to support socioeconomic conditions in Saint Lucia. 

The scale of the impacts is described in subsequent sections. 
 
The demand for and consumption of water can also be influenced by climatic 

variables, depending on the sector concerned. The impact on two sectors are 
highlighted, firstly on agriculture and secondly on the tourism sector. The majority of 

Saint Lucia’s agricultural sector relies on rain fed agriculture though as noted above 
there is also supplementary abstraction of stream flow. Crop production requires 

adequate soil moisture conditions, at the right point in the crop growing cycle. The 
maintenance of adequate soil moisture is a product of precipitation duration, intensity 

and recurrence interval coupled with evaporation and vegetative evapotranspiration, 
which in turn are driven by temperature, humidity and wind conditions. The observed 

changes in climate patterns are influencing crop productivity. And, as with water 
availability, future projected changes will have an adverse effect on crop production, 

which in turn affects food security and sovereignty. If farmers crop productivity under 
rain fed agriculture is adversely impacted it could result in a transition to irrigated 

agriculture, increasing the demand on a decreasing water resource or an exit of 
farmers from the sector. For the tourism sector, irrespective of changes in tourism 

numbers, increasing temperature will drive tourism facilities to ameliorate ambient 
conditions to make them more comfortable, increasing the demand for air 

conditioning, increased personal consumption and increased evaporation from pools 
and landscaped areas. Higher demand for water, as with agriculture, places an 
additional burden not only on water resources but also on the water infrastructure. 

 
The conceptual framework in Figure 2 illustrates the challenge and rationale for this 

initiative. Climatic and hydrological variables of runoff, discharge and dry spells 
provided information to assess climate impacts on vulnerabilities in the water sector. 

The proposed interventions in the section 5 are to build resilience and reduce 
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vulnerability as it pertains to water supply and surface water, water infrastructure 
and water demand within important sectors.  

 

 

Figure 2: Conceptual framework illustrating components of climate science basis. 

 
 

In developing proposed project interventions under the GCF a clear climate science 
basis has to be developed. Proposed project interventions have to be shown to 
respond to additional stressors associated with climate change and climate variability 

and to be distinguished from developmental stressors that would be responded to 
and supported by other interventions. This rationale is captured in Figure 3. 

 

 

Figure 3: Climate science basis guide based on GCF criteria.lx 
 



 

 46 

 
However, given that the water sector and in particular the resources utilized for the 

provision of water services are intimately connected to weather and climatic factors, 
distinguishing between variability and the effects of climate change can be a 

challenge. This is particularly so in the case of Small Island Developing States (SIDS) 
where data availability can be a significant issue for a combination of historical, 

developmental and climatic reasons. Figure 4 provides a framework relating climatic 
and non-climatic drivers and stressors affecting freshwater supply, water quality or 

water demand. In the figure the red boxes indicate stressors or hazards that are 
influenced by a combination of climatic and non-climatic drivers. It highlights that 

although some factors may not be directly related to climate and climate change, 
they can serve to reinforce the negative effects of climate change and climate 

variability of water resources, affecting aspects such as availability. In other words, 
anthropogenic factors cannot be seen as being isolated from climate related factors.lxi 

 

 

Figure 4: Conceptual framework for linking climate change, water resource 
availability and socio-economic demand in the Caribbean.lxii 

 
 

Climate Science Basis 

 
Saint Lucia relies predominantly on surface water to supply the economic and social 

needs of the country. As indicated in section 1, using current metrics the island would 
not be considered water stressed. However, given the probable climate-induced 

changes, Saint Lucia needs to engage in long-term planning for the water sector in 
order to be water secure. It can only do this if there is an assessment of the likely 

impacts of climate change. This means not only understanding how the climate and 
climate variability might change over the short to medium term but more importantly, 

how these changes would impact on water resources.  
 

• Temperature 

 
The mean maximum and minimum temperatures over the last 30 years have been 
30.2°C and 24.6°C respectively, with a diurnal variation of 10°C. Temperatures 

however vary with elevation by between 2 and 5°C. Between 1960 and 2006, the 
mean annual temperature increased by ~0.7˚C, at an average rate of 0.16˚C per 
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decade, though for the period 1986 to 2010 there has been an increase in average 
temperature of 0.22°C per decade. The largest warming has been experienced in the 

June to August and September to November periods (with decadal increases of 
0.19˚C and 0.18˚C respectively).  Between 1973 and 2014, there has been an 

increase in the annual frequency of warm days and nights, accompanied by a 
decrease in cool days and nights, indicating a decrease in diurnal variation. In the 

same period, the annual maximum and minimum temperatures increased by 0.025°C 
and 0.026°C respectively.lxiii 

 
Using Climpact site specific information, under RCP 8.5 average temperatures are 

expected to increase by 1°C for the period 2011-2040 and by 2°C for the period 
2041-2070, whereas under RCP 4.5 the increase for 2014-2070 would be 1°C. This 

is consistent with expected increases reported in the Third National Communication 
(2017) of between 2 to 2.5°C in the vicinity of land-based grip points and 2.5°C for 

the period 2040-2069 derived from PRECIS-downscaled scenarios of the HadCM3 and 
ECHAM5 climate models forced by the SRES A1B (GoSL 2017). The frequency of hot 

days increases between 38 and 54% by 2050 and frequency of hot nights increases 
between 38 and 67%. 

 
• Precipitation 

 

The island has two climatic seasons, based on rainfall. The wet season extends from 
June to November while the dry season runs from December to May (Figure 5). The 
volume of rainfall in the wet season is determined mainly by the frequency and 

intensity of tropical waves, depressions, storms, and hurricanes, which account for 
the greater amount of the recorded rainfall. Local convectional showers and other 

weather systems account for the remainder. In the dry season, most of the rainfall 
originates from mid-latitude systems (troughs, frontal troughs, jet streams) and is 

randomly distributed temporally. The wet season contributes about 60% of annual 
rainfall. Climate variability influenced by ENSO has resulted in extreme variability in 

rainfall between years.   
 

This has resulted in rainfall extremes which have exacerbated sediment transport 
within rivers, hence reducing reservoir storage capacity. The average annual rainfall, 

taken over the period 1987-2017 is 1,534mm, however this varies with location and 
elevation across the island being 1,265 mm on the coastal regions to 3,420mm in 

the mountainous interior. Since 2001, Saint Lucia has experienced six drought years, 
with average annual rainfalls as low as 1,041mm. At least one month has experienced 

significant drought conditions in the following years: 1973, 1975, 1977, 1979, 1983, 
1987, 1991, 1992, 1995, 1999, 2001-2004, 2006-2007, 2009-2010, 2015-2017, and 

2019-2020 (see Figures 6 and 7). Figure 6 shows a steady decrease over a five-year 
period in total annual rainfall, taken from the Hewanorra International Airport. The 

maximum number of consecutive dry days, shown in Figure 7, since 1990 shows a 
gradual increase indicating an apparent drying trend, consistent with climate 
forecasts. 
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Figure 5: Mean Monthly Rainfall (1973-2015). 
 

 

 

Figure 6: Changes in Total Annual Rainfall since 2010.lxiv 

 

 

Figure 7: Max annual number of consecutive dry days (40-day dry spell in 2010).lxv 
 

 
Analysis of rainfall records from the George F. L. Charles and Hewanorra Airports 

indicate no statistically significant change in mean annual rainfall in Saint Lucia 
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between 1960 and 2006.  However, there are some indications that since the 1970s, 
the rainy season has begun earlier in the year and that the total precipitation during 

very wet days has increased, suggesting an escalation in both the intensity and 
duration of rainfall events (Figure 8). However, there is insufficient data to establish 

historical trends for rainfall extremes in the country.lxvi These climatic changes have 
to be translated into effects on water availability, filtered through other changes such 

as increases in evapotranspiration. Overall though, the implication is that water 
availability will have decreased. This is particularly important as, given the nature of 

the catchments, stream flows tend to respond quickly to precipitation events whilst 
infiltration is necessary to maintain base flows, particularly during the dry season. 

These dynamics are poorly understood in Saint Lucia. 
 

Projections of mean annual rainfall from different models in the ensemble are broadly 
consistent in indicating decreases in rainfall for Saint Lucia. Ensemble median values 

for all seasons are negative.  Annual projections vary between ‐56% and +15% by 

the 2090s with ensemble median values of ‐10 to ‐22%. Maximum 1‐ and 5‐day 

rainfalls tend to decrease in model projections, with 5‐day maxima changing by ‐31 

to +13mm by the 2090s. 
 

According to the downscaled HadCM3 model for the 2040-2050 decadal period, when 
compared to the current decadal period of 1990-2000, there will be a significant 

increase from 14.67% to 23.79% in the number of days with insignificant (~ 0.0 
mm/day) rainfall amounts (+361 episodes).  Table 1 reflects the changes in 

rainfalls.lxvii 
 

 

 
Figure 8: Annual Sum of Daily Precipitation> 95th percentile.lxviii 
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Table 1 – Changes in the range of daily rainfall (mm/day) according 
to the downscaled HadCM3 model: 2040-2050 vs 1990-2000lxix 
 

Range of 

Daily Rainfall 
(mm/day) 

1990-2000  2040-2050  Difference 

 Count % of all Count % of all  

x = 0.0 581 14.67 942 23.79 +361 

0.0 < x <= 
10.0 

2602 65.71 2327 58.76 -275 

10.0 < x <= 

20.0 

595 15.03 474 11.97 -121 

20.0 < x <= 
30.0 

156 3.94 171 4.32 +15 

30.0 < x <= 

40.0 

24 0.61 40 1.01 +16 

40.0 < x <= 
50.0 

2 0.05 5 0.13 +3 

50.0 < x <= 

60.0 

0 0.0 1 0.03 +1 

60.0 < x <= 
70.0 

0 0.0 0 0.0 0 

70.0 < x <= 

80.0 

0 0.0 0 0.0 0 

 
 

The trend noted in Figure 8 appears from inspection of Table 1 to be set to continue. 
In other words, while there is an expected increase in the number of dry days and a 

reduction in the number of daily events with rainfalls of less than 20 mm, heavier 
daily rainfall events increase in frequency. The implication for water resources is for 

‘flashier’ stream flows when it does rain. This behaviour poses a problem for the 
management and provision of water resources. 

 
Using Climpact site specific information, the projected changes in precipitation are 

shown in Figures 9 to 11. For the period 2011-2040, whether RCP 4.5 or 8.5, the 
median decrease in annual precipitation is approximately 3%. By 2041-2070, the 

decreases are still similar, being -8% and -9% respectively. As can be seen from 
Figures 11 and 12 the decreases are most marked during the dry season months of 

May through to July. The median changes in various parameters impacting water 
availability are shown in Table 2 comparing RCP 4.5 with 8.5. These show that 

although median changes in precipitation may be of the order of 8-9% the impact on 
water availability is approximately double that, depending on the RCP. 
 

 

Table 2 – Median changes in water availability 
 

 2041-2070   

 Annual Mean Soil 

Moisture 

Annual Mean Water 

Discharge 

Annual Mean Water 

Runoff 

RCP 4.5 -11% -15% -12% 

RCP 8.5 -15% -24% -21% 
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Figure 9: Change in Annual Mean Precipitation RCP 4.5. 

Figure 10: Change in Annual Mean Precipitation RCP 8.5.lxx 

 

Figure 11: Change in Monthly Mean Precipitation RCP 4.5. 
Figure 12: Change in Monthly Mean Precipitation RCP 8.5.lxxi 

 
 

• Drought 

 
Figure 13 shows the historic occurrence of drought conditions using the Palmer 

Drought Severity Index. This indicates an apparent increasing occurrence of drought 
conditions, particularly in recent years, which complements the decreases in annual 
precipitation shown in Figure 6. 
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Figure 13: Historic Palmer Drought Severity Index 1950-2018.lxxii 

 
 

Recent research into the changes in drought in the Eastern Caribbean indicate that 
droughts are set to become a more frequent occurrence and that they will last longer 
than is presently the case. The Eastern Caribbean region is likely to experience 

moderate to severe drought approximately 26% of the time. This general outlook is 
supported by the projected SPI-12 using data from for George F. L. Charles modelled 

for CORDEX CAM-44 RCP 8.5 (see Figure 14). The generally increasing water deficits 
(see Table 2) for the future periods are due to the fact that while precipitation does 

not change significantly the warmer temperatures should push the evaporation rate 
upwards thereby leading to water deficits and more severe drought conditions. There 

are knock–on effects of drier soil conditions, including: increased incidence of 
bushfires; increasing rates of run-off and erosion; and increased sediment loads. 

 

 
 
Figure 14: SPI12 month from CORDEX CAM 44 RCP 8.5. 
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• Tropical storms and hurricanes 

 
Due to its geographic location, Saint Lucia is vulnerable to the impact of tropical 
cyclones, storms and depressions which are expected to be more intense due to 

climate change. From 1850, at least 14 hurricanes have passed within 80 km of the 
island. Most notable of these systems is Hurricane Tomas which led to heavy siltation 

at the John Compton Dam and damages of other water- and energy-related 
infrastructure, as noted previously. North Atlantic hurricanes and tropical storms 

appear to have increased in intensity over the last 30 years. Observed and projected 
increases in sea surface temperatures indicate potential for continuing increases in 

hurricane activity and model projections indicate that this may occur through 
increases in intensity of events, but not necessarily through increases in frequency 

of storms. 
 

• River flows 

 
The Caribbean generally lacks long-term measured streamflow data, and runoff 

projections are therefore of low confidence.lxxiii A study of the effect of climate change 
on stream flows for a catchment in Saint Lucia indicated a decrease of 10% in dry 

season flows and 50% in wet season flows for a time horizon of 2041-2070.lxxiv Work 
in Jamaica indicated that for the catchments considered, changes in streamflow more 

or less matched the magnitude of changes in precipitation, up to 2050 under SRES 
A2 and B2. Edwards (2012), modelling of the effect of climate change on streamflow 

of the Saint Joseph’s catchment in Trinidad under SRES A2 and B2 indicated 
decreases of between 55-60% with the greatest decrease being during the dry 
season. One insight from this work was that changes in temperature had a greater 

overall effect than changes in precipitation.  
 

Estimations from HYPE Semi-distributed hydrological models from the Swedish 
Meteorological and Hydrological Institute (SMHI) have shown decreases in surface 

run-off water discharge and increases in dry spells (see Appendix 1). Base flow values 
and trends are also important for critically assessing water availability. Here, changes 

in precipitation patterns together with the nature of the catchments is likely to reduce 
infiltration and hence have an adverse impact on groundwater which supports base 

flows in the dry season. 
 

Water demand 
 

• Historic water demand 
 

The level of water consumption and demand varies across sectors: domestic; 
commercial; tourism; and agriculture. Some of this is supplied via the water 

distribution system, e.g. domestic, tourism, commercial and some sectors practice 
self-supply, such as agriculture. The historic water demand of the sectors supplied 

through the national water distribution system operated by WASCO is shown in Figure 
15. Demand has been driven by a combination of population increase, changing 

demographic trends, i.e. smaller household sizes, and increasing affluence and 
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changes in lifestyle. Climate has some influence, but it is often hard to discriminate 
the influence. Although the number of consumers has been rising as well as 

production, consumption appears to have been steady. This suggests increasing 
levels of Non-Revenue Water including water losses from the distribution system. 

Based on metered consumption, daily per person domestic/municipal consumption is 
equivalent to 140 litres. Including allowance for water losses, the equivalent per 

person consumption would be approximately 200 litres per day, highlighting the 
importance of reducing water losses as a climate adaptation measure. 

 

 

Figure 15: Water production and Consumption for the Water Utility in Saint Lucia.lxxv 

 
 

Agriculture’s water consumption comprises either direct interception of rainfall, i.e. 
rain fed agriculture, and irrigation and as reported in section 1 accounts for 71% of 

the utilization of water resources. Water for irrigation competes with the water 
requirements of the domestic sector and unlike that sector, whether rain fed or 

irrigated, it is affected by climatic conditions. This means that decreases in 
precipitation and increases in temperature would lead to a greater demand for 

supplementary irrigation to offset the impact of climate change on crop productivity. 
This will place a greater demand on reduced water resources. 
 

• Water demand forecast 

 
In order to ascertain the sufficiency of future water resources estimates have to be 

made of what the future demand might be. This depends on a variety of factors of 
which climate is one. Some studies lxxvi looked at the impact of different Shared 

Socioeconomic Pathways (SSPs)lxxvii on water consumption for Saint Lucia (see Figure 
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16). This indicates water consumption peaking between 2040 and 2050, in line with 
population growth projections, and thereafter decreasing. It assumes no change in 

per person water consumption but does not take into account losses or their 
reduction. In other words, water demand is projected to peak at a point where the 

expected impact of climate change and climate variability on water availability, 
reducing it, begin to be manifest. Thereafter, cetera paribus both water demand and 

water availability decline, the relative rates of decline would have to be ascertained 
in order to plan appropriate adaptation measures. 

 

 

 

Figure 16: Total daily water consumption projections for Saint Lucia.lxxviii 

 
 

Planning for the water sector involves the acquisition of quality hydro-meteorological 
data and its analysis for effective decision making. Furthermore, it requires an 

appreciation of the likely increases in demands on the water sector based on 
projected population growth, urbanization, increases in tourism activity and demands 

from various sectors within the economy. 
 

In order to adequately plan for the water sector several interventions are required. 
On the supply side, by how much water yields are projected to decrease due to 

reduced river runoffs, reduced water discharge and increased dry spells. Also, how 
changes in the frequency and intensity of extreme events such as tropical storms, 
hurricanes and droughts are likely to impact resources. On the demand side, data is 

needed to determine the required interventions necessary to ensure that water 
resources are managed to ensure strategic planning of the sector. The assessments 

required for the sector include an overall evaluation of surface water resources and 
land use as well as the impacts of climate change and variability. This is required to 

strategically plan for reducing any threats and to maximize any opportunities which 
may exist. 
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Adaptation/mitigation measures 
 

Impacts and vulnerability 

 

From the previous analysis, it is apparent that the impact of climate change on Saint 
Lucia’s water resources will be to decrease its availability and ability to support social 

and economic development. The country is already experiencing constrained demand 
during the dry season due to the variation in water availability between the wet and 

dry season. The country has sought to address this by developing its major surface 
water resource, the John Compton Dam, to increase supply reliability. However, it is 

not economically feasible to replicate this approach due to the small size of 
catchments and the challenging terrain. Furthermore, building dams and reservoirs 
is no guarantee against climate variability and the impact of extreme events as 

events in 2010 and 2013, which have compounded the adverse effects of droughts 
experienced since 2013. Such events are projected to occur more frequently and be 

more intense. Therefore, there is an urgent need to develop adaptation strategies 
that can secure the water sector to meet demand for the medium to long term. The 

high level of physical water losses is already placing unnecessary strains on the 
current water resources. Reducing losses will reduce the level of demand that water 

resources have to meet now and in the future. Arguably, the imperative to address 
physical systems losses must be seen as a climate adaptation measure as it increases 

the ability of resources to meet demand in the future and reduces energy needs and 
associated greenhouse gas emissions. 

 
The following table shows summarizes the proposed interventions in relation to 

specific vulnerabilities and climate impacts. 
 

 

Table 3 – Proposed interventions in relation to specific 
vulnerabilities and climate impacts 

 
Climate Impacts Vulnerabilities Corresponding 

Interventions 

Reduced streamflow and 

increased variability 

Inability to meet water demand  

Increased sector competition 

Reduce water losses and 

increase water use efficiency 

Determine sustainable yields 

Catchment management 

More intense tropical cyclones, 

storms and depressions. 

Water intakes prone to 

sedimentation. 

Transmission lines susceptible 

to failures. 
Riverbanks prone to slippage. 

Pumping stations dependent on 

non-renewable energy (grid 

power). 
Loss of life and property due to 

floods. 

Climate proofing transmission 

lines. 

Selective intake relocation and 

improved design for river 
discharge data collection. 

Riverbank assessment and 

reforestation  

Renewable energy installation 
at pumping stations and major 

water supply assets. 

Community based early 

warning systems. 

More frequent dry periods Farmers with rain fed Water Availability Forecasting. 
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agriculture. 

Heat stressed livestock. 
Hotels with limited water 

storage. 

Households with limited water 

storage. 
Public facilities with limited 

storage. 

Populace prone to reduced 

sanitation. 

Demand Forecasting. 

Groundwater assessment and 
inventory. 

Rainwater Harvesting for farms 

and households and public 

assets. 
Water tank and rainwater 

harvesting subsidization and 

installation program through 

water utility. 
Promote the adoption of low 

flow water technologies. 

 
Resource availability forecasting 

 
With the rehabilitation of the existing hydro-meteorological monitoring and data 

gathering network and established Standard Operating Procedures (SOP) for the on-
going collection, archiving and analysis of data, this provides a situational picture of 

the state of water resources across Saint Lucia. At the end of each wet season a full 
evaluation of the state of water resources will be available. With this data as a starting 

point and utilizing probability-based projections of climate variables, a forward 
season forecast of 12 and 24 months will be carried out. This will make a projection 

of the future state of water resources, their distribution across Saint Lucia and 
estimates of safe yields. The purpose of the forecasting model is to enable the optimal 

utilization of water resources, balancing the use of surface and groundwater and 
optimizing the energy requirements, to meet the expected sectoral water demands. 

 
This will require the development of a systems model that integrates the outputs 

from the hydrological and groundwater models in a GIS-based platform. The outputs 
will also be used as a communication tool to keep stakeholders informed of the 

situation and under drought conditions be used as a means of influencing 
consumption behaviour. 

 
Outputs from the systems model will also be used as input into the WASCO Water 
Distribution Model. This will be used to highlight any seasonal of geographical areas 

of potential curtailed demand as well as optimizing water transfers with a view to 
minimizing energy costs associated with the running of the water distribution system. 

 
The installation of smart meters within the WASCO water distribution system enables 

the monitoring of water consumption in real-time. Data mining analysis for the 
information from the system will be used to develop forward water consumption 

forecasts at daily monthly and seasonal scales. These forward forecasts have various 
uses. They will be used to develop operational rules for optimizing pumping and water 

treatment activities and hence energy usage.  They will be used to produce water 
balance projections when coupled with the forward estimation of the state of water 

resources and the safe yields. 
 

Paradigm shift 
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The paradigm shift potential for this initiative is enhanced by the application of 
demand and supply models for scenario forecasting and informed decision making. 

Also, the proposed mainstreaming of renewable energy into the operations of the 
national water utility which is largely dependent on power from the electrical grid. 

More renewable energy will therefore significantly reduce operational costs and will 
support Saint Lucia’s goals of meeting greenhouse gas emission targets (as 

specified by the Nationally Determined Contributions). The proposed rainwater 
harvesting initiative will reduce dependence on the utility’s water distribution 

system by enhancing resilience during periods of water intermittency and 
shortages, during dry spells and intake closures resulting from high sediment loads. 

The promotion of the demand-side strategy low-flow water technologies will assist 
with behavioural change towards water use efficiency. Community-based early 

warning systems will be used to complement and enhance national early warning 
initiatives. This will allow local knowledge to be harnessed for formalizing and 

supporting traditional systems which may offer more efficient results before the 
onset of major flood events with low lead times. The prosed interventions are also 

in keeping with the Cabinet endorsed Water SASAP for Saint Lucia and the National 
Water Policy. 

 
 

Additional work needed 

 
A number of areas were identified for work needed to support the 
adaptation/mitigation measures presented in the previous section. Specifically, 

some of these areas of work would fit well within Readiness type of actions, as part 
of the GCF project portfolio. 

• Use of remote sensing technologies to improve routine data collection; 
• Establishment of the sustainable yields from catchments including the 

determination of minimum ecological flows; 
• Determination of groundwater potential as a conjunctive resource; 

• Extend water quality monitoring and data collection to determine the nature 
and extent of pollution, erosion and sedimentation; 

• Flood risk determination and flood hazard zones; 
• Potential for wastewater treatment and reuse; 

• Stimulation and support of water use efficiency programmes; 
• Reforestation and catchment management including sustainable forestry 

related livelihoods. 
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Appendix 1 
 
The images below show projections for runoff in Saint Lucia during various months 

as estimated by the HYPE hydrological model. The temperature and rainfall data used 
to run the model are corrections of the measurements from the Hewanorra and 

Georges F. L. Charles Airport stations for the period from 1989 to 2018. The time 
series of data of rainfall and temperatures were multiplied by the average change 

percentage predicted by 19 Global Climate Models. Climate change predictions were 
downloaded from the website https://climateinformation.org. From the figures below 
it can be seen that average runoff for February in the mid-century is projected as 25 

to 10% lower than the average runoff from the last 30 years. The RCP 8.5 has a 50 
to 25% decrease at the coast during February, this extends more inland areas in 

March and covers all catchments in April. The more developed areas are projected to 
have a higher decrease in water runoff (50 to 25%) compared to inland areas (25 to 

10%) in the mid-century in February.  

 

Figure 1: February change in run off during peak dry for RCP 4.5 and 8.5 from early 
to late Century. 

https://climaterationale.org/
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Figure 2: March change in runoff during peak dry for RCP 4.5 and 8.5 from early to 
late Century. 

 

 

Figure 3: April change in runoff during peak dry for RCP 4.5 and 8.5 from early to 
late Century. 
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Appendix 2 
 
SSP Definitions according to carbonbrief.org, 

https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-
explore-future-climate-change. 

 

Table 1 – SSP Narrativeslxxix 
 
SSP1 Sustainability – Taking the Green Road (Low challenges to mitigation and 

adaptation).  The world shifts gradually, but pervasively, toward a more 

sustainable path, emphasizing more inclusive development that respects 
perceived environmental boundaries. Management of the global commons 

slowly improves, educational and health investments accelerate the 
demographic transition, and the emphasis on economic growth shifts 

toward a broader emphasis on human well-being. Driven by an increasing 

commitment to achieving development goals, inequality is reduced both 
across and within countries. Consumption is oriented toward low material 

growth and lower resource and energy intensity. 
SSP2 Middle of the Road (Medium challenges to mitigation and adaptation).  

The world follows a path in which social, economic, and technological 

trends do not shift markedly from historical patterns. Development and 
income growth proceeds unevenly, with some countries making relatively 

good progress while others fall short of expectations. Global and national 

institutions work toward but make slow progress in achieving sustainable 
development goals. Environmental systems experience degradation, 

although there are some improvements and overall the intensity of 
resource and energy use declines. Global population growth is moderate 

and levels off in the second half of the century. Income inequality persists 

or improves only slowly and challenges to reducing vulnerability to societal 
and environmental changes remain. 

SSP3 Regional Rivalry – A Rocky Road (High challenges to mitigation and 
adaptation).  A resurgent nationalism, concerns about competitiveness and 

security, and regional conflicts push countries to increasingly focus on 

domestic or, at most, regional issues. Policies shift over time to become 
increasingly oriented toward national and regional security issues. 

Countries focus on achieving energy and food security goals within their 

own regions at the expense of broader-based development. Investments 
in education and technological development decline. Economic 

development is slow, consumption is material-intensive, and inequalities 
persist or worsen over time. Population growth is low in industrialized and 

high in developing countries. A low international priority for addressing 

environmental concerns leads to strong environmental degradation in 
some regions. 

SSP4 Inequality – A Road Divided (Low challenges to mitigation, high 
challenges to adaptation).  Highly unequal investments in human capital, 

combined with increasing disparities in economic opportunity and political 

power, lead to increasing inequalities and stratification both across and 
within countries. Over time, a gap widens between an internationally 

connected society that contributes to knowledge- and capital-intensive 
sectors of the global economy, and a fragmented collection of lower-

https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change
https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change
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income, poorly educated societies that work in a labor intensive, low-tech 
economy. Social cohesion degrades and conflict and unrest become 

increasingly common. Technology development is high in the high-tech 
economy and sectors. The globally connected energy sector diversifies, 

with investments in both carbon-intensive fuels like coal and 

unconventional oil, but also low-carbon energy sources. Environmental 
policies focus on local issues around middle- and high-income areas. 

SSP5 Fossil-fueled Development – Taking the Highway (High challenges to 

mitigation, low challenges to adaptation).  This world places increasing 
faith in competitive markets, innovation and participatory societies to 

produce rapid technological progress and development of human capital as 
the path to sustainable development. Global markets are increasingly 

integrated. There are also strong investments in health, education, and 

institutions to enhance human and social capital. At the same time, the 
push for economic and social development is coupled with the exploitation 

of abundant fossil fuel resources and the adoption of resource and energy 
intensive lifestyles around the world. All these factors lead to rapid growth 

of the global economy, while global population peaks and declines in the 

21st century. Local environmental problems like air pollution are 
successfully managed. There is faith in the ability to effectively manage 

social and ecological systems, including by geo-engineering if necessary. 
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Climate Science Basis: Coastal Zone 
Interventions in Saint Lucia 

 
 

Authors: Annette Leo, Carlos Fuller, Dawn Pierre-Nathoniel, Maier Sifflet, Roger 
Pulwarty and Snaliah Mahal. 

 
 

Introduction 
 
Saint Lucia is an island in the southern Caribbean with 158 kilometres of coastline, 

with the majority of its major settlements, roads and infrastructure on the coast. In 
the Caribbean, 90% of economic activity occurs on the coast. Climate change is 

projected to lead to coastal erosion, risk of displacement for coastal communities, 
loss in touristic attractions, eutrophication and sedimentation of coastal waters, and 
coral bleaching. lxxx 

 
Much of the coastal zone of Saint Lucia is characterised by high-density tourism and 

these areas already face pressure from natural forces (i.e. wind, waves, tides and 
currents) and human activities (i.e. beach sand removal and inappropriate 

construction of shoreline structures). Major tourism developments in Saint Lucia are 
primarily located on the western coast near the capital of Castries. Tourism 

infrastructure is at risk from increasing coastal erosion and rising sea levels will slowly 
inundate vital beach areas. In November 1999, surge damage in Saint Lucia 

associated with Hurricane Lenny was in excess of US$6 million, even though the 
storm was centred many kilometres offshore. lxxxi  Because much of the tourism 

infrastructure is near the coast, much of that damage was likely to the tourism and 
hospitality industry. As a result, extreme events threaten the safety and security of 

tourists and locals alike. A Hospitality Industry Crisis Management Plan for Saint 
Lucia lxxxii  was developed in 1996 to provide an institutional mechanism for the 

management of disasters within the tourism and hospitality industry. 
 

Saint Lucia’s beaches have been monitored since 1995 by the Fisheries Department, 
which measures the beach slope and width at regular intervals at numerous sites 

around the island. Beaches change from season to season and from year to year, but 
the underlying trend in many locations has been a loss of beaches due to accelerated 
erosion. The impacts of climate change, in particular sea level rise (SLR), will magnify 

these pressures and accelerate coastal erosion. Results of the surveys indicate that 
1 metre SLR places 7% of the major tourism properties at risk, along with 50% of 

airports and 100% of the ports in Saint Lucia. With a 2 metre SLR, 10% of major 
tourism resorts will be affected. Critical beach assets would be affected much earlier 

than the SLR-induced erosion damages to tourism infrastructure; indeed, once 
erosion is damaging tourism infrastructure, it means the beach, a vital tourism asset, 

has essentially disappeared. With 100 metres of erosion, 30% of the major tourist 
resorts would be affected and 53% of sea turtle nesting sites, a key tourism 

attraction. Even under a 0.5 metre SLR, 90% of the highly valued beach at The 
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Landings on Rodney Bay would be inundated, as would 52% of the beach at Sandals 
Grande in Rodney Bay. The response of tourists to such a diminished beach area 

remains an important question for future research. However, local tourism operators 
perceive that these beach areas, along with the prevailing climate, are the island’s 

main tourism attractions. 
 

Based on a mid-range scenario, Saint Lucia will incur annual losses of between US$41 
million in 2050 to over US$144 million in 2080. Capital costs are also high, with 

rebuild costs for tourist resorts damaged and inundated by SLR amounting to over 
US$134 million in 2050 up to US$315 million in 2080. Infrastructure critical to the 

tourism sector will also be impacted by SLR resulting in capital costs to rebuild an 
airport estimated to be between the US$42 million by 2050 to US$98 million by 2080. 

Capital costs to rebuild ports are estimated to be between US$57 million in 2050 and 
US$132 million by 2080.lxxxiii  
 
Adaptations to minimise vulnerabilities in Saint Lucia require revisions to 

development plans and investment decisions especially since there are currently no 
institutional frameworks that require setbacks, nor that state what types of 

developments are permissible along with particular areas of the coast. It is important 
to note that some pre-existing conditions in the area contributed to the extent of the 
damage during Hurricane Lenny. Lack of proper drainage, which is a chronic issue, 

was indicated as an exacerbating factor for flooding and damage to coastal and other 
roads, some of which ultimately collapsed. 

 
 

Problem definition 
 
The chart below defines the problem in terms of risks of climate change effects, 

exposure and vulnerability, outlining also the impact of multiple anthropogenic and 
natural stressors. The impacts of climate change on Saint Lucia can be difficult to 

reverse, especially given the particularly high vulnerability of Saint Lucia as a Small 
Island Developing State (SIDS) arising from its small size, geographic isolation, and 

ecological fragility. Sea level rise, for example, can increase the risk of coastal 
inundation with damage from events such as swell, storm surges and high waves, 

and can threaten freshwater resources for small islands countries. The main climate-
related risks for Saint Lucia are represented by the weakening of the marine 

ecosystems, natural and built coastal infrastructure as well as salt intrusion and water 
quality issues. The exposed assets in particular are the marine ecosystem, including 
the mangrove coastal defences. The main vulnerability is represented by the low-

lying areas, lack of robust coastal defences and the socioeconomic conditions, in 
particular, how these could be affected by lack of tourism revenues. The impact of 

multiple climatic and non-climatic contributing factors, such as the unsustainable 
exploitation and ineffective management of natural resources, such as fish stocks 

and coral reefs, may result in the degradation or depletion of many of these 
resources. 
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Data and analyses 

 

Climatic factors contributing to impacts on land and ocean ecosystems and their 
impacts are given in the tables in the last section of this document. The following 

summary is based on a review of literature and open data portals. Key land variables 
are those leading to possible flooding or affecting water resources, such as 

temperature, precipitation, aridity, soil moisture, water discharge and run-off. The 
key sea variables are those affecting the coast such as waves and water levels. For 

instance, in situ observations of sea level help to monitor and understand the regional 
sea level rise, as well as interannual to decadal sea level variations, which provide 
insight into ocean circulation changes on climate timescales. In addition, sea level 

observations can be used to examine extreme events associated with the swell, storm 
surges, and other factors leading to short-term coastal inundation. Another sea 

variable of relevance is the water temperature, but except for its effect on the sea 
level rise, its climate and projected changes are not quantified in the following. The 

effects of many variables and a few coastal flooding scenarios are shown, in the end. 
 

Climate indicators related to land variables 
 
Figure 1 below shows observed climate trends in annual maximum of consecutive dry 

days from 1974 until 2018 at Hewanorra and from 1989 until 2018 at George F.L. 
Charles Airport determined using Climpact. 2  The signals are aligned (limited 

variability across the stations) and indicate the presence of a positive trend (of less 
than 1 hour per year) and an absolute maximum of about 40 days at both stations 

in 2010 and a second highest value of about 30 days at Hewanorra and about 25 
days at George F.L. Charles Airport in 2005. 

 

 
2 An online tool that calculates climate indices at both monthly and annual timescales. 
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Figure 1: Consecutive dry days at Hewanorra (top chart) and at GFL Charles (bottom 

chart).lxxxiv 
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Figures 2 and 3 below have been extracted from the Climate Information Platform 
(CIP) developed by SMHI.lxxxv  

Figure 2:  shows CMIP5 projections of changes in annual means of relevant variables 
under Representative Concentration Pathway3 (RCP 8.5) scenario for 2040 for the 

George F.L. Charles Airport location and the corresponding spatial and temporal 
variations of the projected changes in temperature. According to the figures, the 

temperature is projected to rise by 1°C and the aridity is projected to increase by 
1%, the precipitation, soil moisture, water discharge and water runoff are all 

projected to decrease by 3%, 5%, 7% and 6% respectively. The projections, 
therefore, suggest a continuation of the aridity increases already evident in the 

current climate (cf.  
Figure 1: Consecutive dry days at Hewanorra (top chart) and at GFL Charles (bottom 

chart).) and a homogeneous change across the island (no spatial variations). Further 
consultation of the CIP shows that the projections are consistent for different future 

time periods. As can be seen in  
Figure 3:  the projections for 2041-2070 and 2071-2100 both show further increases 

in temperature and aridity and decreases in precipitation (see also Figure 4: ), soil 
moisture, water discharge and water runoff. Focusing on run-off in more detail,  

Figure 5:  shows the spatial patterns of the projected run-off changes. 

 

 
3 A Representative Concentration Pathway (RCP) is a greenhouse gas concentration (not emissions) trajectory adopted by the IPCC. Four 

pathways were used for climate modelling and research for the IPCC fifth Assessment Report (AR5) in 2014. The pathways describe 

different climate futures, all of which are considered possible depending on the volume of greenhouse gases (GHG) emitted in the years to 

come. The RCPs – originally RCP2.6, RCP4.5, RCP6, and RCP8.5 – are labelled after a possible range of radiative forcing values in the year 

2100 (2.6, 4.5, 6, and 8.5 W/m2, respectively). 

https://en.wikipedia.org/wiki/Greenhouse_gas
https://en.wikipedia.org/wiki/Intergovernmental_Panel_on_Climate_Change
https://en.wikipedia.org/wiki/IPCC_Fifth_Assessment_Report
https://en.wikipedia.org/wiki/Greenhouse_gas
https://en.wikipedia.org/wiki/Radiative_forcing
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 69 

Figure 2: Projected percentual changes of top indicators under RCP 8.5 for 2040 
(top chart) corresponding spatial (middle chart) and monthly variations (bottom 

chart).lxxxvi 
 

 

 
 

 
 
Figure 3: Projected percentual changes of top indicators under RCP 8.5. Time 
period 2041-2070 (top chart) and 2071-2100 (bottom chart).lxxxvii  
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Figure 4: Projected 5-day cumulative rainfall with a return period of 10-year for 
RCP 8.5 climate change scenario.lxxxviii  

 

 
 
Figure 5: Climate impact on absolute and relative changes in water runoff at two 
different emission scenarios and three future time-windows for Saint Lucia.lxxxix 
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In order to reduce the uncertainty and provide a more realistic picture of projected 
climate impacts on Saint Lucia, an RCP 4.5 scenario can be also considered. The 

figures below have been extracted from https://climateinformation.org.xc Figures 6 
and 7 shows the projections according to the CMIP5 data of changes in annual means 

of relevant variables under RCP 4.5 for the 2011-2040 period for the George F.L. 
Charles Airport location. According to the figures, the temperature is projected to rise 

by 1°C and the aridity is projected to increase by 4%, the precipitation, soil moisture, 
water discharge and water runoff are all projected to decrease by 6%, 8%, 16% and 

13% respectively. Further consultation of the https://climateinformation.org shows 
that the projections are consistent across future time periods. As can be seen in 

Figure 8, the projections for the time slice 2041-2070 show further increases in 
temperature (+1.3°C) and aridity (+3%) and decreases in precipitation, soil 

moisture, water discharge and water runoff. Similarly, the future change in top 
indicators for the period 2071–2100 compared to 1981–2010 (RCP 4.5) show further 

increases in temperature (+2°C) and aridity (+4%) and further decreases in 
precipitation, soil moisture, water discharge and water runoff. 

 

 
 
Figure 6: Projected percentual changes of top indicators under RCP 4.5. Time 

period 2011-2040.xci 

 

https://climateinformation.org/
https://climateinformation.org/
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Figure 7: Precipitation (annual mean), time period: 2011–2040, historical period: 
1981–2010, Model: CORDEX South America Ensemble Mean, Model results for an 

area covering the location: 14.02, -60.99.xcii 
 
 

 

 
Figure 8: Projected percentual changes of top indicators under RCP 4.5. Period 

2041-2070.xciii 
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Figure 9: Projected percentual changes of top indicators under RCP 4.5. Period 

2071-2100.xciv 
 
 

Climate indicators related to sea variables 

 
The wave conditions offshore Saint Lucia have been characterized using the ERA54 
dataset. ERA5 is the most recent reanalysis5 dataset from the European Centre for 

Medium-range Weather Forecasts (ECMWF).xcv The strength of the ECMWF reanalysis 
datasets is that they come from the combination of one of the leading numerical 

weather prediction models (the ECMWF model) with an advanced data assimilation 
system. The ERA5 data are available from 1979 onwards and on-going, the spatial 

resolution of the atmospheric and wave models is close to 0.3° x 0.3°, the temporal 
resolution of the assimilation is 1 hour and has unprecedented accuracy in terms of 

global atmospheric and wave data. 
 

 
Figure 10:  shows the wave height and wave period roses at two locations offshore 
of the island, one on the northwest (Caribbean Seaside) and one on the southeast 

(Atlantic Oceanside). The roses show, as expected, higher waves on the south-
eastern side and that the most frequent and higher waves are from the Northwest.  

Figure 11:  shows the timeseries of the wave heights and periods from 2000 until 
2019, indicating no trends in the wave conditions in the present climate. 

 

 
4 ERA5 is a reanalysis model. It provides hourly estimates of a large number of atmospheric, land and oceanic climate variables. The data 
cover the Earth on a 30-kilometre grid and resolve the atmosphere using 137 levels from the surface up to a height of 80 kilometres.   
5 A hindcast is a model computation of past conditions using measurements and other data available for the interval simulated. An analysis 
is the result of correcting a model result with observations (data assimilation). A reanalysis is a hindcast with data assimilation, leading to 
conditions that are as close to reality as possible. 
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Figure 10: Roses of the significant wave height (top chart) and peak wave period 
(bottom chart) offshore on the northwest (left) and on the southwest (right) of Saint 

Lucia. The values plotted inside the circle on the centre of each rose represent the 
percentage of values that are below the lowest considered class of the variable being 

presented (i.e. 1 metre for the significant wave height), the arrow length of each 
colour is the percentage of occurrence of conditions within the respective bin, the 

direction shown by each arrow/ray represents the direction from which waves are 
coming from. 
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Figure 11: Timeseries of the significant wave height (top chart) peak wave period 

(bottom chart) and mean wave direction offshore on the southwest of Saint Lucia. 

 

 
 

Figure 12:  shows a sea-level rise trend analysis for Fort-de France (nearby in the 
Caribbean Sea) that has been carried out by NOAA (https://www.noaa.gov/) using 

in-situ data. The figure shows a current (1980-2020) sea-level rise of approximately 
2.4 millimeters per year (mm/year).  
Figure 13:  shows a sea-level rise trend analysis for the Atlantic Ocean that has been 

carried out also by NOAA using data from different satellite missions. The figure 
shows a current (1992-2020) sea-level rise of approximately 3.0 mm/year. It is 

expected that the sea level rise will increase faster in the future due to climate 
change, as presented in the following.  

 

https://www.noaa.gov/
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Figure 12: Sea level rise trend at Fort-de-France (Martinique).xcvi 

 
 

 
 
Figure 13: Timeseries of sea level in the Atlantic Ocean based on multiple satellite 

datasets (the color indicates from which satellite the data comes). The plotted sea 
level is corrected for seasonal signals. 

 
The Intergovernmental Panel on Climate Change (IPCC) provides comprehensive 

scientific assessments on the environmental consequences of projected climate 
changes. IPCC reports contain an overview of the effects of increased emissions on 

different environmental variables. The latest IPCC projections of global mean sea-
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level rise until 2100 relative to 1986–2005 for two limiting emission scenarios (RCP) 
are presented in  

Figure 14: . xcvii  The lines show the median projections, and the shading the 
uncertainty ranges. This figure shows a projected global mean sea level rise of 

between 0.5-1 metre in 2100. Regionally the sea level changes may differ from the 
global mean sea level rise.  

Figure 15:  shows that the projections for the Caribbean Sea region are slightly above 
the global averages.  

 

 
 
Figure 14: IPCC projections of regional relative sea-level changes relative to 1986–
2005 for the most optimistic and pessimistic emission scenarios.xcviii 
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Figure 15: IPCC projections of regional relative sea-level changes relative to 1986–

2005 for three different emission scenarios.xcix 

 
Global vulnerability to sea level rise has been estimatedc and  
Figure 16:  below shows a coastal flooding projection for Saint Lucia. The figure 

shows that the most affected regions are those of Gros Islet, Castries and Vieux Fort. 
Figure 17 shows land loss predictions considering a sea-level rise of 0.5, 1, 2, 3 and 

3.5 metres for the Gros Islet region. 
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Figure 16: Flood projection for Saint Lucia, 2100.ci 
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Figure 17: Total land loss at Sandals Grande, Saint Lucia, when considering 0.5, 1, 
2, 3 and 3.5 metres sea-level rise.cii 

 
 

Impacts and adaptation measures 
 
The increased frequency and intensity of slow-onset extreme events such as more 
frequent droughts, combined with sea level rise, saltwater intrusion, and salinization 

of water supplies, will lead to land degradation and desertification and affect 
freshwater supplies which are crucial for the continued growth of the tourism, 

agriculture and other key sectors of Saint Lucia’s economy. 

 
Error! Reference source not found. shows that Saint Lucia’s main roadways, 
population centres, major tourism areas are near the coast or on the coast implying 

that climate change and sea-level rise, in particular, may lead to dramatic impacts 
on Saint Lucia major ports in Vieux Fort and Castries and its tourism plans, affecting 

livelihoods, transportation and trade, among others.  
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Figure 18: Saint Lucia Inferred Population Density (left chart) and major roadways 

(right chart). 

 
Potential climate change impacts on Saint Lucia’s ecosystems (terrestrial, coastal and 
marine), ecosystem services and biodiversity have been identified and are given in 

the tables below, along with possible adaptation solutions and an inventory of tools 
that could be used. The impacts considered are of: 

• More frequent extreme weather events (Error! Reference source not 

found.), leading, for instance, to loss and/or damage of unique plant habitats 
such as coastal mangrove forests and/or reduction in tourism; 

• Higher air temperatures, prolonged and intense dry episodes and drought 
(Error! Reference source not found.), leading, for instance, to changes in 

ecosystem composition and structure such as reduced agricultural yields due 
to a shortening of the growing season; 

• Higher seawater temperature (Error! Reference source not found.), leading 
to, for instance, coral bleaching; 

• Ocean acidification (Table 4) affecting the survival of sea life;  
• Sea level rise (Error! Reference source not found.), leading, for instance, 

to the degradation of human and natural ecosystems in low-lying areas such 
as reduction in the size of freshwater lenses and general water resource 

availability due to increased saltwater intrusion and/or inundation of 
settlements and arable land on the coast. 

 
The repercussions of these direct and indirect impacts of climate change are that the 

resilience of Saint Lucia’s natural ecosystems could be exceeded. A decline in the 
health of the island’s ecosystems will affect the goods and services on offer and have 
a profound effect on the wellbeing, livelihoods and economy of Saint Lucians. 
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Freshwater, clean air, fertile and stable soils, healthy fisheries, native forest foods, 
medicines, fibres and wildlife, all depend on healthy ecosystems. Such a decline could 

therefore lead to:  
• Increased health care costs 

• Increased losses due to hydrometeorological hazards and disasters 
• Loss of land productivity and nutrient cycling (and agricultural yields/food 

security) 
• Reduced climate change adaptation and mitigation options (e.g. planting corals 

to establish protective reefs for coastlines may not be feasible under high 
ocean acidification and temperature levels) 

• Loss of biodiversity and biodiversity-dependent activities (e.g. fishing, honey 
production, eco-tourism, etc.) 

• Increased opportunities/conditions for invasive alien species to spread 
• Lower incomes. 
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Table 1 – Impacts and measures: more frequent extreme 
weather events (intense rainfall events, hurricanes, high 
winds, storm surges) 
 

Impacts Solutions Assessment tools 
Destruction and damage of 

unique terrestrial animal and 

plant habitats due to the direct 

impact of extreme weather. 
 

Damaged and destroyed coral 

reefs and mangroves due to: 

● the impact of high wind 
speeds and large waves 

during tropical 

storms/hurricanes  

● increased 
sedimentation/siltation 
resulting from heavy rainfall 

(exacerbating soil erosion) 

inland. 

 
Declining integrity and health of 

coral reefs and mangroves will 

also lead to reduced protection 

against extreme winds and storm 
surges as these ecosystems act 

as coastal defences for the pro-

land-based resources, 

communities and infrastructure.   

 
Exacerbated soil erosion 

resulting in increased sediment 

loads reaching watercourses and 

the sea, carrying agrochemical 
residues and other pollutants. 

 

Higher risk of algal blooms with 

increasing amounts of nutrients 
reaching the sea due to both 

agrochemical residues leaching 

during intense rains and to the 

overflow of sewage and 
greywater during flood events. 

 

Regulate and enforce the 

protection of wetlands, 

including mangroves, in 

public and private land under 
a single organized form of 

management and develop a 

Mangrove Management 

Strategy and Action Plan. 
 

Development of marinas that 

consider their impacts on 

coral reefs, fishing grounds 
and nurseries, seagrass beds 

and water currents to 

enhance their ability to 

sustain healthy populations 
with climate change. 

● Coastal flora and fauna 
health  

● Streamflow  

● Sediment load  

● Mapping of integrated 
coastal zone risks 
(projections according to 

categories and later 

comparison to actual 

event details) 

● Technical training 

● Environmental monitoring 
tools (temperature 

gauges, sediment gauges, 

etc.)  

● Citizen science tools (apps 
for reporting etc.)  

● GIS Tools  

● Smart Coastal monitoring 
and surveillance vehicle 

and vessel  

● Underwater monitoring 
equipment and gear. 

 
As also further detailed in the table below, the projected changes in the land variables 

may lead to scarcity or deterioration of water resources, and a measure that is 
necessary for the adaptation to such projected changes is the regulation and 

enforcement of the protection of wetlands. 
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Table 2 – Impacts and measures: higher temperatures, 
prolonged and intense dry episodes and drought 
 

Impacts Solutions Assessment tools 
Changes in ecosystem composition 

and structure take place as 
temperature rises and species 

migrate in search of the climate 

conditions to which they are better 

adapted.  
 

Wetlands, watersheds, riparian 

and freshwater ecosystems and 

species affected by warmer 
temperatures and reduced stream 

flows could be exacerbated by 

increased abstraction of river 

waters to cover increasing 
freshwater demands. Some effects 

include: 

● Reduced forest productivity 
and phenological changes 

(i.e. flowering, fruiting) are to 

be expected with water stress 

and higher temperatures 

● Loss of habitat, foraging 
substrates, nesting and 

roosting sites for wildlife, 
increasing their vulnerability 

to predation 

● Reduced water and food 
availability for wildlife 

● Alteration in species breeding 
periods. 

 

Increase in forest pest and disease 

outbreaks. 
 

Reduced vegetation cover will 

exacerbate soil erosion. 

 
Reduced stream flows will also 

facilitate the extension of 

saltwater intrusion (due to SLR) in 

low lying watercourses, with 
salinity further affecting riparian 

ecosystems in these areas.  

 

Regulate and enforce the 

protection of wetlands. 
● Citizen science tools (apps for 

reporting etc.)  

● Environmental monitoring 
tools (temperature gauges, 

sediment gauges, etc.). 

 
As noted above, although projected changes in the water temperatures have not 

been quantified, they are expected to increase and as detailed in the table below, 
can lead to coral bleaching. An assessment of eventual seawater temperature tipping 

points needs to be carried out along with an investigation of possible mitigation or 
adaptation measures. 
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Table 3 – Impacts and measures: higher sea temperatures 
 

Impacts Solutions Assessment tools 
Coral bleaching will be the most 

evident impact of increased sea 

temperature; with bleaching 
events occurring annually or bi-

annually within the next 30 to 50 

years, expected to become the 

key driver of reef decline. 
 

Disease transmission could 

increase with the proliferation of 

marine pathogens, endangering 
both sea life and human 

consumers. 

 

Assess and determine the 

carrying capacity of beaches, 

reefs and offshore islands to 
guide decision making under a 

changing climate. 

 

● Sea temperature 
(threshold to be defined) 

● Radiation  

● Currents.  
 

 
Another variable that is projected to increase is ocean acidification, which affects the 

marine ecosystem and needs to be investigated, with possible mitigation or 
adaptation measures drawn. The table below provides more details. 

 

Table 4 – Impacts and measures: ocean acidification 
 

Impacts Solutions Assessment tools 
With ocean acidification, sea carbonate levels 

drop, reducing the ability of organisms to form 

shells and skeletons and triggering other 
physiological alterations. 

 

Furthermore:   

● Coral abundance may decrease 

● Coral reefs may become physically weak to 
sustain the impacts of more intense 

hurricanes 

● The protective function coral reefs offer to 
coastlines may be compromised, with 

serious implications for coastal 

infrastructure and tourism 

● Survival rates of clams, conch, squid, 
octopuses and other molluscs may 

decrease 

● Growth rates of echinoderms (sea urchins, 
sea cucumbers and starfish) may decrease 

● Crustaceans (e.g. lobster) may be affected 

● The abundance of calcifying algae may be 
significantly reduced while that of fleshy 

algae may increase.  

 

Food chains may be affected by the loss of 
plankton and other species. 

 

Reduce external 

pressures.  

● Education and 

awareness 

● Reef recovery 
assessment  

● Monitoring of 

nearshore fishery 

species.  
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Finally, the impact of sea-level rise is detailed in the table below and this should be 
(at least partially) mitigated by climate-proofing coastal infrastructures.  
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Table 5 – Impacts and measures: sea level rise 
 

Impacts Solutions Assessment tools 
Inundation and the resulting degradation 

of wetlands and other ecosystems in 

low-lying areas (e.g. low-lying dry 
forests). 

 

Increasing seawater intrusion into 

coastal waterways will affect the 
composition of freshwater and riparian 

ecosystems. 

 

Changes in nearshore Ph and salinity. 
 

Beach erosion and the reduction of 

habitats for animal species, including the 

loss of turtle nesting sites (a 1 to 2 
metre increase in sea level could 

damage 6-10% of the nesting sites). 

 

Migration or loss of wildlife species from 
altered habitats. 

 

Corals that are not able to adapt to 

deeper depths will be lost. 
 

Loss of coastal fish breeding and nursery 

habitats if mangroves are lost due to 

sea-level rise. 
 

Climate proofing of key 

existing developmental 

infrastructure, including: 

● Groynes, bulkheads 
and seawalls  

● Information 
Technologies 

(including 
computer hardware 

and software) 

● Construction 
engineering tools 

and techniques 

● Environmental 
engineering tools 

and techniques. 

● Sea level rise/sea 
level rise inundation 

model 

● Storm surge/storm 
surge model 

● Tide gauges 

● Wave buoys 

● Water quality 
measurements 

● Coastal flora and 

fauna health  
● Beach profiles 

● Coastal flora and 

fauna population 

monitoring. 
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Introduction 
 
The Democratic Republic of Congo (DRC) is a landlocked country in Central Africa. 

The DRC is located along the equator and thus experiences a tropical equatorial 
climate with high precipitation and tropical thunderstorms. The DRC is the largest 

country in Francophone Africa (spanning 2.3 million km2) and home to large swathes 
of arable land, vast quantities of natural resources and minerals, and critical habitats 

supporting rich biodiversity. The country is richly endowed with natural resources, 
and exports, as well as 

extractive industries, are 
important economic staples. 

Approximately 68% of the total 
land area is forest, while only 

9.9% is used for agriculture. In 
2009, agriculture contributed 
approximately 43% to the 

country’s gross domestic 
product (GDP), while forest-

related economic activities 
contributed 12% to GDP. The 

abundance of resources has not 
translated into stability or wealth 

for the majority of people, as the 
country is currently 

characterized by significant 
social vulnerability, political 

instability, food insecurity and 
high poverty rates (64%). In 

2006, an estimated 65% of the population lived in rural areas and 59.2% lived on 
under US$ 1.25 a day. 

 
Current scientific research shows that climate change in the DRC has biophysical 

effects and a severe socio-economic slowdown. Climate change in the DRC is evident 
from the records. Temperature has been increasing by around 0.25°C every decade 

in its warmest day, and is projected to increase by 2.7-3.2°C by 2100, as compared 
to the 1990 baseline. Rainfall in the DRC has been decreasing over the past decades 
while the frequency of intense rainfall events has increased. It is projected that most 

regions in the country will experience a decrease in rainfall of 0.8-11.4% by the 
2100s and the southern region will have a shortened rainfall season. During the dry 
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season in 2017, water levels in the Congo River were at their lowest point in more 
than a century.  

 
The effects of temperature and rainfall changes exacerbate the vulnerability of rural 

communities, key production sectors and national socioeconomic conditions. The 
DRC's electricity generation relies heavily on hydroelectric power (more than 95% of 

total production), and the country is expected to face increasing uncertainty and 
fluctuations in electricity production as long-term rainfall patterns change. The DRC 

is one the most vulnerable countries to climate change in the world. The country is 
ranked at 170th out of 181 countries according to the 2016 ND-GAIN Country Index 

for vulnerability to climate change. While the DRC’s climate vulnerability is 
multifaceted, the impact for the power sector is expected to be severe. As the DRC’s 

electricity generation largely relies on hydroelectric power, the country is expected 
to face increasing uncertainty and fluctuations in power generation with the changing 

rainfall patterns in the long run. 
 

Not only will unreliable power supply hurt the industrial activities and livelihoods of 
people but will likely also have adverse effects by increasing dependence on fossil 

fuels and biomass. The latter option is likely to have impacts on forest ecosystems 
and land use, and their potential to contribute to emissions associated with 
deforestation and forest degradation. This is all the more concerning given that the 

DRC is home to the second largest rainforest in the world, with a forest area covering 
about 67.3% of the country. This vulnerability of the energy sector, as well as its 

potential consequences for other sectors that could contribute to the country’s low-
emission development, would exacerbate the pre-existing socioeconomic 

vulnerability of the population in a context of severe energy insecurity. 
 

 
Problem identification 
 
The second largest and fourth most populous country in Africa, the DRC has an area 

of 2,345,441 km2 and a population of 80 million. At the same time the DRC is a least 
developed country (LDC) and one of the poorest countries in the world with its GNI 

per capita standing at US$ 460 (2016). The country’s economy heavily relies on the 
extractive industry, particularly copper and cobalt which account for 80% of the 

country’s export revenue. Yet the DRC has one of the lowest rates of electrification 
in the world. Only approximately 10% of the population has access to electricity, 35% 

in urban areas (44% in Kinshasa) and less than 1% in rural areas. The national utility 
company, SNEL (Société Nationale d’Electricité), accounts for 94% of the total 

installed capacity (2,677 MW) and nearly all electricity is produced from hydropower. 
The total installed capacity of hydropower is 2,542 MW which has seen little change 

over the past 30 years due to a lack of new investments. Of this, only half of this 
potential is actually generated (producing about 8,349 GWh/year) due to breakdown, 

maintenance issues and low water levels, in part also underscoring climate 
vulnerability of hydro generation capacity. 
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More generally, hydropower is affected by changing patterns in rainfall and 
temperatures. Generation output can fluctuate depending on variations in the mean 

annual streamflow, changes in seasonal and interannual streamflow variability, and 
increased evaporation from reservoirs. Extreme weather events such as droughts can 

also threaten the reliability and stability of hydropower generation. It is therefore 
crucial to understand the current and projected variability in climate variables 

affecting hydropower generation, as well as other energy sources (particularly solar 
power and biomass). 

 
The DRC has no nation-wide transmission network. There are only three inter-

provincial grids in the West (Central Congo and Kinshasa), East (North and South 
Kivu), and South (Haut-Katanga, Lualaba) of the country (Figure 1). There is 

therefore a considerable gap between the electrification rate in Kinshasa and the rest 
of the country. In off-grid areas, electricity demand is met by small dispersed diesel 

generators, oil lamps and battery torches. Their dependence on fossil fuels, which is 
costly and unsustainable, is expected to increase as the population and demand for 

electricity increase. With limited grid expansion prospects in the near future, the 
development of the electricity sector in the DRC will continue to rely on inefficient 

off-grid solutions with a high carbon footprint, if not triggered to move to an 
emissions-reduction path. 
 

Moreover, a poor quality of electricity services is prevalent, with blackouts and 
generally low reliability of power supply all too commonplace in the DRC. 

Accumulated delays in investments in power infrastructure, the degradation of hydro 
power plants, an over-reliance in unaffordable thermal power generation in provincial 

towns together with a rapid increase in electricity demand (which tripled over the last 
decade), resulted in large electricity shortages, which peaked at about 30% of power 

demand in 2012-2013. This low level of access to reliable energy is an important 
barrier to economic growth. On this aspect the performance of DRC has been much 

weaker than that of other developing countries. Policy and investment incentives for 
sustainable electricity projects remain very weak, and a shift toward renewable-

based low emission energy system is highly unlikely in near future without focused 
and substantial interventions. 
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Figure 1: FDRC Population Density Map and Existing/Planned Grid.ciii 
 

 



 

 93 

It should also be noted that the DRC is one of the few African countries with 
impressive energy potential, particularly in terms of hydropower (both large and 

small scales), biomass, geothermal energy and solar energy (Figure 2). This will 
become clearer with the data assessment in the next section where it will also be 

highlighted the limited potential for wind power. So, while the current energy 
generation is dominated by hydropower, DRC plans to diversify its energy portfolio. 

The use of weather and climate data therefore becomes even more important as they 
will assist with the assessment of renewable energy resources, site design, operating 

and renewable energy transmission infrastructure. 
 

More generally, it is important to consider potentially high impact climatic risks, such 
as intense rains, coastal erosion, floods, heat crises, and seasonal droughts, which 

could threaten people’s daily lives, including loss of life, the destruction of 
infrastructure, erosion, the destruction of habitats, particularly of the poor in urban 

areas, and the vulnerability of water-borne diseases. 
 

 
 

Figure 2: Energy potential for DRC.civ 
 

 

Data and science identification and production 
 

Meteorological observations across the DRC are scarce and offer limited information 
on the country’s climate variability, but three major climatic zones are generally 

recognized (Figure 3). 
 

Zone 1 – Tropical rainforests along the Congo River and its tributaries characterized 
by two rainy 

seasons, occurring from March–May and September–December, followed by two 
short, dry 

seasons in June–August and January–February. Average temperatures range from 
24–25°C 

with limited variability throughout the year. 
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Zone 2 – Mountainous terraces and dense grasslands with predominantly tropical 

wet and dry climates and a dedicated rainy season (July– August). Average 
temperatures range from 24–25°C with limited variability throughout the year. 

 
Zone 3 – Subtropical climates of savannas in the south and southeast with a single 

rainy season 
occurring between December–February. Slightly lower but consistent temperatures 

range 
from 22–23°C. 

 

Figure 3: Climatic Zones of DRC.cv 
 

 
Here we assess the available, but very limited, meteorological in-situ observations, 

namely from the Kinshasa ground station. The observation data were made available 
by the Government’s hydro-met services, MettelSat, for a station in Kinshasa and are 

mainly used here for temperature and precipitation. The temporal coverage spans 
the ca. 40-year period 1979-2017, though there are some gaps. In principle, there 

is also a solar radiation record for Kinshasa but, although it is a long record (ca. 30 
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years), it stops in the early 1990s and therefore it does not provide a sufficiently 
useful base for the planning of solar power farms. However, the overall solar radiation 

values have been used to crosscheck the ERA5 values (see later). We also show a 
temperature record at the country level. We complement these observations with the 

ERA5 reanalysis, which covers the 41-year period 1979-2019. ERA5 offers a global 
dataset, which is the result of the combination of a complex physical weather model 

with observations. The resolution of the ERA5 reanalysis is ca. 30 km x 30 km 
horizontally in space and hourly in time and therefore provides a very good coverage 

for DRC. Using the ERA5 reanalysis, in addition to temperature and precipitation 
variables, we also consider solar radiation at the surface and wind speed at 10 m 

height (Table 1). 
 

 

Table 1 – Meteorological variables relevant for the production of RE, 

their sources and availability. Note that there are gaps in the 
Kinshasa in-situ observations 
 

Meteorological 

Variables 

Source Period in situ Period ERA5 

2-m Temperature MettelSat and ERA5 

reanalyses 

1979-2017 (Kinshasa) 

1950-2018 (Country 
average) 

1979-2019 

Precipitation MettelSat and ERA5 1979-2017 1979-2019 

Solar radiation at 

the surface 

ERA5 n/a 1979-2019 

10-m Wind speed ERA5 n/a 1979-2019 

 

Modelled projections are also available but their accuracy and (temporal/spatial) 
resolutions degrades dramatically. Nonetheless, they provide useful outlooks over 

the next several decades, and will be discussed later. 
 

Based on the DRC’s plan for expansion of energy generation, in addition to 
precipitation we will assess other relevant meteorological (climatic) variables, 

particularly solar radiation and temperature, though wind speed will also be 
presented to illustrate the limited potential for wind power. Other sources of data for 

solar and wind power have also been consulted but not shown here. Amongst these 
are World Bank’s the Global Solar Atlas (https://globalsolaratlas.info) and Global 

Wind Atlas (https://globalwindatlas.info) respectively. 
 

Assessment of the historical period 

 

Given the geographical size of DRC and the spatial variability of its climate (cf. Figure 
3), rather than focusing on the single available station which is representative of a 
small portion of the country, we start by assessing the national average temperature 

and the country-wide meteorological features using ERA5. 
 

Figure 4 shows the evolution of the temperature anomaly averaged over the entire 
country since 1950. Over this 70-year period temperature has been increasing by 

about 1°C corresponding to a rate of 0.14°C per decade. Also, although not so 
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pronounced, temperatures are generally lower during La Niña years (blue) compared 
to El Niño years (red). For reference, average annual temperatures range is typically 

between 18°C to 32°C. In addition, although not shown, data indicate that the 
warmest day of the year increased by about 0.25°C per decade, and temperatures 

of deep waters in Lake Tanganyika have increased by 0.2–0.7°C. 
 

In terms of country-wide precipitation estimates, based on the USAID’s DRC 
factsheet, observations since the 1960s indicate an increased frequency of intense 

rainfall events. Since the DRC straddles the Equator, its northern and southern 
regions experience wet and dry seasons at different times of the year. As also touched 

on in the climatic Zone descriptions, the southern wet season occurs between October 
and April, whereas the northern wet season occurs between April and September. 

Average rainfall currently ranges from 1,000 mm to 1,700 mm.cvi However, note that 
the source of the climate data used for the USAID fact sheet is not immediately 

apparent from the references cited. In particular, the upper end estimate of the 
precipitation range (1,700 mm yr-1) may be underestimated (cf. ERA5 values below). 

 
Considering now ERA5 at the country-wide level, we see that the temperature and 

precipitation maps from ERA5 (Figures 5 and 6) confirm the typical conditions of 
climatic Zone 1, with the two rainy seasons, March–May and September–December. 
Given the limited observations on the ground, there is no guarantee that, particularly 

in a highly convective area like the tropical area of Zone 1, ERA5 reproduces the 
actual climate with high accuracy. However, ERA5, as other reanalyses do, also 

benefits from the use of satellite-derived data, which, together with the sophisticated 
physical description of weather processes, are capable of constraining the model to 

a large extent. For climatic Zone 2, however, the rainy season while being spread 
over two-three months, these are not the same as in the climatic Zone definition 

above. In fact, ERA5 shows the rainy season concentrated in the months of October-
December rather than July-August. For climatic Zone 3, the definition above, with 

the rainy season December–February and lower temperatures by a couple of degrees 
compared to the other two Zones, is reasonably well captured by ERA5. This 

assessment gives us confidence that ERA5 provides a reasonable baseline. 

 
Figure 4: Temperature anomaly for DRC, highlighting ENSO years and two linear 

trends. 
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Based on ERA5, precipitation levels are overall very high, with many areas with 

consistent values of above 5 mm/day – this is equivalent to an, abundant, annual 
rainfall of about 2 m, therefore considerably more than a hydropower-reach country 

like Norway (average annual rainfall equal to ca. 1.3 m). Due to the amount of 
convective activity (and related rainfall) in large parts of DRC, the solar resource is 

not as high as in other countries at a similar latitude bands as DRC. So aside from 
some reasonably high resource over most of the year in climatic Zone 3, the rest of 

the country has more moderate, though still good, levels of solar resource (Figure 
7). The latter have an annual average of around 200 W m-2, equivalent to the 

average for Spain. In terms of wind resource DRC is characterized, as anticipated, by 
medium-low levels of wind speed (Figure 8). Again, Zone 3 is the one with the largest 

consistent wind speeds across the year. Even then however, the overall annual 
average is a modest 2-3 m s-1. 

 
Given the main objective of energy developments in DRC is on hydro-power and solar 

power (and biomass as will be discussed below), we consider the linear trends over 
the past 40 years for precipitation and solar radiation only (in doing so we ignore 

here the temperature effect on solar PV panels, given that the annual temperature 
variability is small). These linear trends are useful to give an indication of how these 
meteorological variables may change in the future, based on the past, even though 

there is no guarantee that the same trends will continue (see also the discussion 
about observations for Kinshasa and corresponding projection estimates later). 

 

 

Figure 5: Annual cycle of average 2-m Air Temperature (in °C) in DRC, based on the 

period 1979-2019. 
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Figure 6: Annual cycle of average Precipitation (in mm/day) in DRC, based on the 
period 1979-2019. 

 

Figure 7: Annual cycle of average Solar Radiation (in W m-2) in DRC, 1979-2019. 



 

 99 

 

Figure 8: Annual cycle of average 10-m Wind speed (in m s-1) in DRC, based on the 
period 1979-2019. 

 
 

According to ERA5, historical precipitation linear trends are predominantly negative 
all year around, with values ranging from a few tenths of mm day-1 per year to a 

few mm day-1 per year (Figure 9). Despite the relatively large and consistent 
precipitation reduction over most of DRC derived from these trends, this is a small 
percentage of the annual precipitation. For instance, if we take a decrease of 1 mm 

day-1 per year against a baseline of 1,500 mm yr-1, the reduction would be 
equivalent to about 3% in 50 years. It is worth noting that there are a few areas 

where the trend is actually positive, namely over the Western tip of DRC and the 
southern part of the country (most of climatic Zone 3). This also means that when 

country average values are shown, they likely hide marked sub-country changes, 
particularly for a large country like DRC. 

 
Historical linear trends for solar radiation are essentially a mirror image of those for 

precipitation (Figure 10). This is an indication that reduction in precipitation is linked 
to reduced cloud cover, with a consequent increase amount of solar radiation 

reaching the ground. Specifically, solar radiation trends are mainly positive over most 
of the country, with values up to several W m-2 per year for certain months of the 

year but negative over the western tip of DRC, the southern part (climatic Zone 3) 
and also around Lake Tanganyika. Note that even a, say, positive trend of 1 W m-2 

per year would be an important change as it would imply a 25% increase over 50 
years, with potentially significant improvement in solar power production. 
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Turning now to more local features, as represented by the ground station in Kinshasa, 
Figure 11 indicates that both maximum temperature (left) and precipitation (right) 

have been increasing over the last 40 years. For precipitation in particular the plotted 
linear trend is equivalent to an increase of ca. 7.5 mm per decade, which would 

correspond to a large increase of about 25% increase over 50 years. However, note 
that the linear trend is likely skewed due to the extremely large precipitation values 

in the last two years of the record, which might be affected by some observation 
issue (this may also be related to the gap in data in 2014 and 2015). 

 
The corresponding precipitation data from ERA5 are shown in Figure 12, which for 

completeness also displays the annual averages for temperature, wind speed and 
solar radiation, with their trends. There is a mixed correspondence between the 

precipitation observation and the ERA5 data. While there is a clear underestimation 
of ERA5, which is about 20% lower than the observations, the variability is reasonably 

well represented by ERA5 as can be seen with some of the high extremes (in 1989, 
1997, 2011). However, ERA5 does not display the large signals seen in the last two 

years of observations. The linear trend also is negative in ERA5, therefore of opposite 
sign to the observations. Though note that as shown in the precipitation trend map 

(Figure 9) Kinshasa is placed close to the region, west of it, where linear trends are 
positive. 
 

Solar radiation displays some interannual variability, of the order of 5-10%, which 
should be an important consideration when planning solar power farms. The average 

annual solar radiation value is around 200 W m-2, therefore close to the country 
average, and the trend is slightly negative (ca. -0.5 W m-2 per decade). The ERA5 

temperature in Kinshasa has been increasing by a considerable amount, 0.3 °C per 
decade, whereas annual wind speed has remained flat and at low values over the 

entire ca. 40-year record. 
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Figure 9: Linear trend of Precipitation (in mm/day per year) in DRC, based on the 

period 1979-2019. 
 

 
 

Figure 10: Linear trend of Solar Radiation (in W m-2 per year) in DRC, based on the 
period 1979-2019. 
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Figure 11: Observations at Kinshasa station over the period 1979-2017. Left: Annual 

percentage of days when Tmax is larger than the 90th percentile, with linear trend. 
Right: Annual precipitation, with linear trend.cvii 
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Figure 12: Annual averages of Temperature (top left), Precipitation (top right),10-
m Wind Speed (bottom left), Solar Radiation (bottom right) from ERA5 reanalysis for 

the nearest grid point to the Kinshasa Airport, 1979-2019. The linear trend (y = a + 
b x) is also drawn, with the coefficients also displayed in the plot legends.cviii 

 
Assessment of the future period 
 

To extend the assessment over the past several decades as presented above, it is 

also important to investigate what the climate could look like over the upcoming 
decades. A number of climate projection models are available for this purpose. Here 

we make use of the models evaluated by SMHI and available via the GCF/WMO 
Climate Information Platform (CIP) web portal, https://climateinformation.org. Two 

scenarios are available, the more moderate RCP 4.5 and the very high emission RCP 
8.5. Both are considered here, even though the latter is sometimes considered an 

excessive emission scenario. As an illustration, we focus here again on Kinshasa as 
a location, and on the 30-year period 2041-2070. In excess of 15 models have been 

used to produce the results shown here. 
 
Rather than displaying timeseries and maps as for the historical period, results are 

summarized here in terms of main indicators available, namely temperature and 
precipitation. Other indicators – aridity, soil moisture, water discharge and water 

runoff – are also available on the web portal but are less relevant for energy.6 These 
four have been mainly developed for water applications, but some of them could be 

 
6 The summaries presented here have been downloaded from: https://climateinformation.org/create-report. 
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utilized by the energy sector too, as in the case of water runoff for hydropower 
generation, which is very relevant for DRC as discussed. 

 
The projected temperature change for RCP 4.5 is broadly in line with the trend over 

the past 40 years shown by ERA5 and is given as a 2°C increase over the next 40-
50 years (considering the central time of the 2041-2070 period) (Figure 13). Scenario 

RCP 4.5 is at a higher level of emissions as the past decades, so a higher increase 
than the observed 1.5°C in 40 years is to be expected. However, also note that no 

uncertainty intervals are provided with these projected estimates. The projected 
precipitation instead is summarized as a zero change, therefore not in agreement 

with past data from either observations or ERA5. It should be observed however that 
precipitation signals are normally more mixed than the temperature signals, in 

climate projection models, and it is typical to see large discrepancies amongst 
different climate projection models in terms of sign of precipitation changes. 

Projected changes for the RCP 8.5 emission scenario are broadly in line with the RCP 
4.5 (see Figure 14), only with a minor change in precipitation (-2% now, which would 

be in line with ERA5’s trend). In this case, as it was for RCP 4.5, tropical nights are 
expected to see large changes. With RCP 8.5 there are also projected large changes 

for minimum and maximum temperatures. 
 
At the country-wide level, based on the USAID findings, projected changes in 

temperature and precipitation are in line with the above results for Kinshasa. The 
expected temperature changes are in order of 1-2.5°C by 2050 and of 3°C by 2100, 

with a rise in minimum temperatures that will exceed the rise in maximum 
temperatures. Climate models project that most regions within the country will 

experience a decrease in rainfall of 1 and 10% by the 2100s. The projections also 
indicate a shortening of the rainfall season in the southern region. Continued 

increased frequency of intense rainfall events and prolonged dry spells. Possible 
decreases in dry season rainfall (June to August and September to November) in the 

southern region of the country by 2050. 
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Figure 13: Main climate indicators from climate projections for Kinshasa over the 

period 2041-2070 for the RCP 4.5 emissions scenario. The top shows the summary 
for two selected indicators, whereas the bottom part lists the main projected changes, 

ordered by those with the more robust signals. 
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Figure 14: As for Figure 13, but for the RCP 8.5 scenario. 

 
 

Adaptation/mitigation measures 
 
The DRC’s Nationally Determined Contributions (NDC) indicates climate change as 

one of the major threats to sustainable development in the country. The Government 
of DRC (GoDRC) is conditionally committed to reduce its greenhouse gas (GHG) 

emissions by 17% by 2030 compared to the business-as-usual (BAU) scenario (which 
is estimated at 430 MtCO2eq), avoiding over 70 MtCO2eq per year of emissions. 

However, GHG emissions (MtCO2eq) per capita of the DRC has decreased from 0.98 
in 1990 to 0.55 in 2013 due to slow infrastructure development while the population 

doubled. Renewable energy development including hydropower is identified as a key 
sector for mitigation with its potential emissions reduction of 9.65 MtCO2eq by 2030. 

The total cost required to reach the mitigation goals is estimated at US$ 12.54 billion. 
 
In order to significantly increase the rate of access of households and productive 

sectors (SMEs, PMI and industries) to electricity, by using decentralized systems, the 
DRC Government intends to rely on massive private sector involvement in addition 

to public investment. Specifically, the plan is: 
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• In the short term, by 2025, to electrify, by means of solar and/or small 
hydropower, 26 provincial capitals and 93 large urban and semi-urban 

agglomerations with high population density called cities; 
• In the medium and long term, to interconnect isolated hydropower-powered 

networks, increasing electricity supply throughout the territory to meet 
electricity demand in the five Special Economic Zones ‘SEZs’. 

 
These targets would translate into the following specific indicators: 

 
• Increase the electricity access rate to 30% by 2025, for households; 

• Reduce the use of thermal energy by SMEs/PMIs by 50%; 
• Contain the mining energy usage to less than 500 MW by 2025. 

 
The strategies adopted by the Government to make the electrification rate effective 

will depend on: 
 

• The use of solar energy supplemented by small hydropower and biomass 
(waste); 

• The implementation of a tax appropriate to the sector; 
• The lifting the difficulties of private developers’ access to grants and low-rate 

loans available from renewable energy incentive institutions; 

• Facilitating access to political and commercial risk guarantees for the benefit 
of private-sector electricity projects; 

• The substantial increase in budgetary resources allocated to investment in the 
sector. 

 
The country has begun development of new infrastructure to meet the ever-

increasing electricity demand. In this context, a private hydroelectric power plant, 
named Matebe (13 MW) on the Matebe River was commissioned in 2015, three new 

public hydropower plants named Zongo 2 (150 MW) on  the Zongo River, Kakobola 
(9.3 MW) on the Lufubu river and Katende (64 MW) on the Lulua River are under 

construction, with financial contributions from China and India. 
 

The DRC also requires technical assistance to assist with future developments of 
particularly hydro and solar power plants. For instance, to support the DRC 

Government achieve these objectives, the World Bank is conducting a study for the 
prioritization and mapping of hydroelectric and solar sites in the DRC, through 

resource estimation (see Figure 15) and geospatial mapping. The ultimate aim of this 
study is to improve the quality of electrification planning by providing a database 

developed using a robust methodology that will be made available to the public for 
partnerships with the private sector and other stakeholders for the development of 
hydroelectric and solar photovoltaic projects larger than 2 MW. The study will also 

establish a classification of mini-grid hydroelectric and solar sites based on technical, 
economic and socioenvironmental criteria as well as a priority list of projects, together 

with their roadmaps for pre-feasibility studies, in selected provinces (ESMAP, 2020). 
As stated in this ESMAP 2020 report, the scope of this study is not to produce a 

Master Plan for the electricity sector in the DRC, which would be needed for future 
harmonized country-wide developments, it provides a solid base for such a Master 
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Plan. Also, and importantly, although some of the best meteorological data have been 
used to estimate the resource for hydro and solar power, this is based on very limited 

in situ observations, which are particularly critical for solar power assessments. This 
is an area where support from the GCF would be needed to make hydro and solar 

power projects more accurate for finance purposes. 
 

 

 
Figure 15: Energy potential for hydropower (left) and solar power (right) in the 

DRCcix. 
 

Another area of electricity development in DRC is also through the use of their 
abundant biomass resources. We discuss here an adaptation measure identified by 

the GoDRC which involves developing an energy project in the province of Kinshasa. 
Based on some preliminary work, this province can exploit energy sources such as 

biomass, solar and wind, apart from hydroelectric power. Table 2 summarizes the 
potential for these additional energy sources complementary to hydropower since 

Kinshasa has very low hydroelectric potential (Figure 16). 
 

 

Table 2 – Potential for electricity generation from other sources in 
Kinshasa 
 

Energy Source Potential 

Biomass From municipal or urban waste, it is possible to produce 
1,776,460.95 MWh/year 

Solar power Average sunshine ranging from 3.22 to 4.89 kWh/m2/d 

Wind power Annual average of wind speed measured at 10 m height estimated at 

1.3 m s-1 
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Figure 16: Energy potential in the Kinshasa province. 

 
 

Additional work needed 
 
A number of areas were identified for work needed to support the 

adaptation/mitigation measures presented in the previous section. Specifically, 
(some of) these areas of work would fit well within Readiness type of actions, as part 

of the GCF project portfolio. 
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• Approve and implement the Democratic Republic of Congo National DDR Plan; 
• Expand and improve the National Meteo Climatic observations network, 

particularly in terms of precipitation and solar radiation monitoring; 
• Review and improve resource assessment data and tools for hydropower, solar 

power and biomass; 
• Develop risk and vulnerability maps, carry out a survey of all risk scenarios in 

the areas, natural disasters occur; 
• Improve the spatial resolutions of the weather, climate forecasting models, 

including an improved understanding of atmospheric convective processes 
which are often less well represented in models; 

• Training to support energy specialists to make appropriate use of 
meteorological information in their decision making; 

• Strengthen or establish inter- and intra-institutional relations, such as between 
the meteorological organization and energy companies, possibly with the 

assistance of the energy department and SNEL; 
• Establishment of procedures and protocols for common actions between 

institutions and agencies; 
• Create a platform for sharing information and data for institutions and decision 

makers. 
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Introduction 
 

The coastal zone of the Democratic Republic of the Congo (DRC) (Figure 1) is 
undergoing erosion and flooding. Coastal erosion has intensified since the 1980s with 

the significant retreat of the coast in the Banana-Cabinda segment. Parts of the coast 
have lost 37 metres in the last 30 years (Figure 2) and are likely to lose 65 metres 
by 2025.cx 

 

 

 

Figure 1: Study Area in Western DRC. 
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Figure 2: Example of coastline withdrawal (on average 30 metres between 1988 and 
2019). Note that these are approximate lines with the 1988 coastline shape looking 

unnatural or of temporary nature (the irregular shape can only temporarily exist and 
is smoothed out by the waves). 

 
The major factors causing the observed problems are wave-induced sediment 

transport, sea-level rise, intense rainfall, river water flow and runoff. The analysis of 
the relevant parameters in the past and their projections for the future indicate that 
most of these factors show an ascending trend, suggesting that erosion and flooding 

will continue and are likely to increase if nothing is done. 
 

In this paper a brief overview of the main factors and their expected future change 
is given, drawing on various documents, data and data sources (see section on 

Further Reading and End Notes). The geographic area considered is the same as the 
area currently covered by the PANA-ZC project.7 In addition, initial concepts for 

several proposed projects addressing the findings are briefly described. The projects 
aim to sustainably reduce the impact of climate change on parts of the Congolese 

coast. Local protection of beaches and cliffs is proposed by means of a gabion 
protection wall at some parts, as well as re-vegetation of the coast by coastal species 

(terminalia catapa, Phyllostachys viridiglaucescens, Acacia auriculiformis, and 
Chrysopogon nigritanus)cxi and reforestation of mangroves at others. Another project 

concept aims at strengthening of the warning system and raising of public awareness. 
 

 
7 It is worth nothing that the group (excluding the editors) that has worked on this document has also worked on the climatic justification 
for a proposal to the Green Climate Fund (GCF) for the coastal zone around Muanda, for an indicative amount of US$ 10 million. This 
proposal was prepared by the government with support from UNDP, as a continuation of the Global Environment Facility Least Developed 
Countries Fund (GEF LDCF)-funded PANA-ZC project (http://www.pana.cd/presentation-pana-zone/) for an amount of US$ 5,355,000. 
The proposal involves strengthening of the resilience of parts of the coastal zone, particularly in relation to coastal erosi on, marine 
submersion, land degradation and flooding phenomena affecting communities further upstream.  

http://www.pana.cd/presentation-pana-zone/
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Importance of coastal zones in the DRC (link between economy and society 
in the DRC) 

 
The economy in the coastal zone is very different from other parts of the country in 

terms of industrial production, since it is currently the only area in the country where 
the oil industry is developed. Above 90% of the populations of Muanda, Banana and 

surrounding cities live from the oil spin-offs in terms of wages and services. The 
coastal basin of the DRC contains oil deposits in the sedimentary basin located on the 

Atlantic coast (86% onshore and 14% offshore). The Congolese coastline also 
contains deposits of: a) asphalt sands at Mavumba, b) phosphates at Fundu Mzobe, 

c) evaporites (rock salt and potash) at Loeme and d) bauxite, gold, diamonds, etc.cxii 
The mangrove forests are extremely rich in organic matter, providing refuge, 

spawning and growing places for many species, they control erosion, have an 
ecotourism value, serve as wind and wave breakers, contribute to the stabilization of 

the coast, improve the microclimate, provide nesting sites for many bird species, and 
play a role in pollution control. 

 
 

Problem identification 
 
The coastal zone in DRC is a complex natural system about 40 kilometres long. The 
coastline consists of cliff sections (with a total length of approximately 27 kilometres) 

and lower sections consisting of sandy beaches (with a total length of approximately 
10 kilometres). It presents a mosaic of resources and ecosystems that are of strategic 

importance but whose soil, biodiversity, socioeconomic infrastructure and community 
livelihoods are currently threatened by coastal erosion, which is clearly noticeable at 

various cliff sections, but also affecting the beach sections and flooding of the lower 
areas.  

 
According to the report of the second national communication on climate change 

(2009) cxiii , the erosion of the Congolese coast is due to a combined effect of 
topography and the sandy nature of the soil and ocean dynamics (swell waves, water 

levels and currents). During normal conditions, gradients in the wave-induced 
longshore sediment transport along the coast locally cause erosion of sandy beaches 

and shoreface, which form a natural protection for the cliffs by dissipating wave 
energy. With beaches and shorefaces becoming narrower as a result of erosive 

sediment transport gradients and relative sea level rise, the cliffs become more 
vulnerable to wave attack. Particularly during storm conditions, the toes of cliffs are 
attacked by waves, resulting in an irreversible retreat of the cliff. Cliff erosion is 

further reinforced by rainwater runoff. 
 

The coastal area flooding is the result of marine flooding and flooding caused by local 
precipitation and the post-precipitation spate of the Congo river. The area between 

Banana and Muanda, with a low topography, is regularly flooded by sea water at high 
tide. Flooding related to local precipitation and the spates of Congo river are regularly 

recorded in many coastal sectors. In some areas the flooding can last for more than 
two months. 
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In the future, due to climate change, the area’s vulnerability to erosion and flooding 
is expected to increase. Particularly, sea level rise is expected to result in a potential 

for acceleration of the erosion of cliffs, since the already narrow beaches in front of 
the cliffs will become even narrower and lower, and as a result they will dissipate less 

wave energy. Sea level rise will also largely affect the vulnerability of lower areas for 
marine flooding. Future changes in rainfall can be expected to accelerate erosion of 

high areas (cliff erosion due to rainwater runoff) and increase flooding of low areas 
(by local precipitation and the Congo river).  The relevant factors for coastal erosion 

and flooding – and their expected change in the future – are described quantitatively 
below. 

 
 

Data and science identification and production 
 
Present local hydraulic conditions 

 
• Wave conditions 

 
Waves are the dominant factor for the coastal dynamics along the DRC coast. 

Breaking waves generate a northward directed longshore sediment transport in a 
narrow strip along the coast (the breaker zone). In some areas gradients in the 

longshore transport (or interruptions of this transport by hard elements) result in 
erosion of the beach and the shoreface. Moreover, waves erode the toes of the cliffs 

in the area, particularly in periods when high waves occur in combination with high 
water levels. This wave attack results in a retreat of the cliffs. 

 
Information derived from the ERA58 database indicates that the main wave direction 

is south-southwest (waves are approaching from a narrow directional sector around 
approximately 210°N), (Figure 3, top chart). Most of the time the offshore significant 
wave heights (Hs) of these swell waves are lower than 1.5 metres. The peak wave 

periods (Tp) are most of the time larger than 10 s (Figure 3, bottom chart). During 
storms, offshore wave heights may be approximately 3 metres. This is confirmed by 

an analysis of ERA5 data presented in Figure 4, showing that in the offshore region 
during storms with a 50-year return period significant wave heights (Hs) exceed 3 

metres. 
 

 
8 ERA5 is the most recent reanalysis dataset from the European Centre for Medium-range Weather Forecasts (ECMWF), containing data 
on offshore wave and wind. The dataset does not contain information on future change of these parameters, but it forms a sound basis for 
the baseline description of the coastal system and key processes for erosion and flooding. This insight in the baseline situa tion is considered 
to be essential for any prediction of the effects of climate change, since the effects of climate change can only be estimated on the basis of 
the contribution of the various key processes to the present problems. The strength of the ECMWF reanalysis datasets is that they come 
from the combination of one of the leading numerical weather prediction models (the ECMWF model) with an advanced data assimilation 
system. The ERA5 data are available from 1979 onwards and on-going, the spatial resolution of the atmospheric and wave models is close 
to 0.3° x 0.3°, the temporal resolution of the assimilation is 1 hour and has unprecedented accuracy in terms of global atmospheric and 
wave data. 
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Figure 3: Offshore wave climate based on ERA5 data for the period 2000-2019. Top 
chart: Significant wave height Hs; Bottom chart: Peak wave period Tp. The values 

plotted inside the circle on the centre of each rose represent the percentage of values 
that are below the lowest considered class of the variable being presented (i.e. 0.3 
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metres for the significant wave height), the arrow length of each colour is the 
percentage of occurrence of conditions within the respective bin, the direction shown 

by each arrow/ray represents the direction from which waves are approaching. It is 
noted that the offshore waves change when travelling to the coast, resulting in 

different wave heights and directions in the nearshore area along the coast. These 
effects can be accounted for by applying numerical wave propagation modelling, 

using the ERA5 offshore data as input. 
 

 

Figure 4: Offshore wave heights corresponding with extreme events with 1-, 10-, 

50- and 100-year return period, based on an analysis of ERA5 wave data. 
 

 
• Tidal variation 

  

Tidal water level variations determine the wave energy that can reach the coast under 
normal conditions (during high water, more wave energy reaches the beaches and 

cliffs than during low water) and they play a significant role in flooding events. 
 

The tidal range in the area is approximately 1.6 metres during spring tide and 0.8 
metres during neap. 
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• Extreme water levels 
  

Extreme water levels are the result of storm surges (increase in water level due to 
strong winds and low atmospheric pressure) coinciding with high tides. Extreme 

water levels – which often occur simultaneously with high waves – allow high waves 
to reach the coast without breaking and thus to cause relatively severe coastal 

erosion. Moreover, extreme water levels are a relevant factor for flooding.  
 

Based on 38-year reanalysis with the GLOBAL Storm Surge Modelcxiv, for the area 
under consideration, a maximum water level elevation of 1 metre is found for a 25-

year return period. 
 

• Sea level rise 
 

Sea level rise results in an overall retreat of the coast and an increase of extreme 
water levels, thus also in an increase of erosion and flooding. 

 
The average sea level rise since 1992 is 3 millimetres per year (mm/yr) on average 

for the Atlantic Ocean (Figure 5). Additional data is available since 1915 at the Banana 
tide gauge. 
 

 

Figure 5: Sea level rise (3 mm/year on average since 1992) according to NOAA.cxv 
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• Precipitation 
 

Mean rainfall for the Democratic Republic of Congo from 1947-2010 ranged from 
1100 to 1950 mm/yr, with the maximum values occurring in the inland region (Figure 

6).cxvi Moreover, the trends in temperature and precipitation for central Africa show 
that the region (including DRC) is warming up and that precipitation is decreasing 

over the last decades.cxvii However, this is an estimate for the whole region, which 
does not necessarily hold for the local regions (for example the coastal zone). No 

site-specific information is presented about the precipitation trends in the considered 
period near the coastal area of the DRC. 

 

 

Figure 6: Map of mean annual rainfall (mm/year) for the period 1947-2010. 
 

 
Rainwater runoff is likely to (locally) contribute to cliff-erosion, but no information on 

the contribution of rainwater runoff to cliff erosion in the area is known. 
 

• River discharge and sediment yield 
 

The Congo river with a mean discharge of 41,000 cubic metres per second (m3/s)cxviii 
is the largest river in the DRC with the river-mouth located in the DRC. The maximum 

discharge is approximately 75,000 m3/s. 
 

No information on river sediment yields and contributions of the rivers to the 
sediment balance of the coast is known. 
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• Subsidence 
 

In general, land subsidence may occur due to groundwater extraction, mining of 
bottom fluids, consolidation or tectonic movement. The effect of subsidence is similar 

to the effect of sea level rise (as described above). 
 

No information on land subsidence in the area is known. Given the mining of oil in 
the area, the coastal zone may potentially be susceptible to subsidence. 

 
Future conditions – risk factors related to erosion, flooding and marine 

submersion 
 

Changes in the local conditions due to climate change described above, combined 

with human actions, may lead to acceleration of coastal erosion and flooding in the 

future. A number of risk factors have been analysed in the Muanda/DRC Climatic 

Atlas of Coastal Erosioncxix based on local “endogenous knowledge” expertise, which 

uses (among others) temperature and precipitation projections from 2000 to 2100 

using the ClimateWizard 9  and Magicc/Scengen 10  tools. The risk factors can be 

classified according to categories: climatic contributing factors, mixed contributing 

factors and non-climatic contributing factors. 

 
• Climatic contributing factors 

 
The expected trends in the main climatic contributing factors are summarized in Table 

1 below. 
 

Factors Description 

Wave regime Under the IPCC Representative Concentration Pathways (RCP) 8.5 high-
emission scenario11 the wave heights are projected to increase by about 10% 

by the end of the 21st century relative to the 1979–2005 period.cxx  

Sea level rise Sea level is predicted to rise by 60-70 centimetres between 1990 and 2080.cxxi 

Rainfall, river 
discharge and runoff 

Based on the RCP 8.5 scenario between 2011 and 2070 for the Muanda area, 
the climateinformation.org tool12 gives the following prediction: rainfall will 

increase by 4%, with the possibility of an increase in river flows of up to 63% 

and an increase in runoff phenomena of 63%. Note that these predictions cover 

a time window from 2011 till 2070. Comparing 2011 with 2040, it is expected 
that the rainfall increases with 3% and the river flows with 18%.cxxii Reference 

is made to Figure 7 below. 

 
9 Climate tool that allows users to access climate information and visualize impacts globally. 
10 Model for the Assessment of Greenhouse Gas Induced Climate Change. 
11 Refers to a high-emissions scenario adopted by IPCC; corresponds to the pathway with the highest GHG concentration. 
12 This service developed by SMHI provides summary reports, climate indicators and guidance on how to link global changes to local 
observations. 
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Temperature Based on the RCP 8.5 scenario between 2011 and 2070 for the Muanda area, 

the climateinformation.org tool gives the following prediction: average 
temperatures will increase by 3°C over a period of 59 years (4°C for Tmin and 

3°C for Tmax)cxxiii; See Figure 7 below for the 2041-2070 time period 

projections. 

 
Table 1: Climatic contributing factors. 

 

 

Figure 7: Projections of future changes in top indicators according to IPCC RCP 8.5. 
Upper chart: period from 2011-2040; Lower chart: period from 2041-2070. 
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• Crosscutting (climate-related and other) contributing factors 
 

Between 2000 and 2017, the coastal area was affected by: 
 

• A significant increase in the anthropized area (+47%), particularly in the 
Muanda area; 

• A decrease of mangrove area (-19%); 
• A slight increase in the area of wooded area on wet soil;  

• A considerable decrease in wooded area on dry soil (-53%), particularly in the 
fluvial areas. 

 
With changes in land use, mangrove and wooded area decreased significantly over 

the period 2000-2017 (Figures 8 and 9). 

     

Figure 8a: Land use in 2000.cxxiv 
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Figure 8b: Land use in 2017.cxxv 
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Figure 9: Soil occupation in 2000 and 2017 respectively.cxxvi 
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• Non-climatic contributing factors 
 

The main non-climatic (present and future) contributing risk factors are: 
 

• The low coastal topography of the portion of the coastline between the town 
of Muanda and Banana, over 10 kilometres (nearly 27% of the DRC coastline), 

which makes this area vulnerable to flooding; 
• A type of soil and rock very vulnerable to hydrodynamic actions at the level of 

the coastline constituting the cliff; i.e. 27 kilometres (nearly 73% of the 
coastline), which makes the coast vulnerable to erosion; 

• The extraction and mining of stones stored along the coastal barrier and the 
concrete slabs laid in paving on part of the Muanda cliff during the shoreline 

protection works undertaken from 1915 to 1933, and more recently in 1984, 
by the Public Authorities and in February 2006 by PERENCO (oil and gas 

company); 
• The extraction of sand and gravel for construction, which contributes to coastal 

erosion; 
• The trampling of the beach, by people and the pulling of boats ashore, 

contributing to the deterioration of the beaches; 
• Multiplication of the number of oil extraction wells (the number of wells is 

estimated at 235 by the end of 2012, and 800 today by the local population). 

These wells are scattered in the Muanda region). In the absence of official data 
provided by the oil company or by the Congolese state, it is difficult to assess 

their numbers with certainty. Oil exploitation may lead to land subsidence, 
which may exacerbate erosion and flooding. However, it is not known to which 

extent this actually occurs in this area and whether this contributes to the 
observed shoreline retreat.  
 

Data potentially available to improve climate and impact analysis 
 

In addition to the data considered in this study, the following additional data can 
provide a basis for further substantiation of the potential influence of climatic 

contributing factors and climate change to present and future coastal erosion and the 
risk of flooding in future studies: 

 
• Sea level Station Catalogue (SSC)cxxvii tide gauge in Banana (since 1915), 

which provides local information on the sea level. This local tide gauge provides 
a historical dataset of observed extreme water levels; 

• NOAA South Atlantic Ocean level monitoring at project area level cxxviii – to 
obtain a better understanding of the expected sea level rise and the possible 

sea level rise scenarios important for coastal flooding and erosion; 
• IPCC South Atlantic Ocean level projections at project area levelcxxix; 

• Boma’s Limnigraphy - Height and flow of the Congo River since 195613  
• Muanda airport synoptic station (data available since 1979, from which trends 

can be analysed with Climpact- an online tool that calculates climate indices at 

both monthly and annual timescales).cxxx Available data provide, or allow the 

 
13 Reference material not available on the worldwide web. 
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computation of, a) the number of extreme precipitation events (above the 9th 
percentile), b) the number of precipitation events lasting more than five days, 

c) wind direction and intensity, d) atmospheric pressure, e) temperature, and 
f) rainfall; 

• ERA5 tool.cxxxi Data from various other variables than those considered so far, 
like wind. The timeseries of hydrological variables, like total precipitation, 

temperature and pressure, can contribute to a better understanding of the 
local changes. Moreover, the spatial maps can help to identify the differences 

between the different regions in the DRC; 
• METTELSAT (National Agency of Meteorology and Tele-detection by Satellite of 

the DRC)- 1979 - 2019 trends at Muanda stationcxxxii; 
• In-situ observations- A buoy (property of Congolaise des Voies Maritime) was 

installed at the river mouth in 2019, which measures many parameters (wave 
height, current direction and intensity, wind direction and intensity, surface 

temperature, atmospheric pressure, water temperature, sea level, etc.). 
However, this equipment is too recent to contribute to trend analyses. 

 
Impacts of increased climate variability and change 

 
Based on the above, for the observed problems of beach and cliff erosion and marine 
and river flooding, the following changes in main hazard sources are projected, some 

of which have already been observed and others are expected: 
 

• Rising sea level resulting in beach erosion, increase of wave attack at cliffs and 
increase of flooding events; 

• Increase of intensity and frequency of heavy rains; 
• Increase of intensity of the wave regime; 

• Increase in flow of the Congo River at the estuary; 
• Forest degradation on dry soil; 

• Mangrove degradation (in connection with rising water levels and salinity, 
recall Figure 9 above). 

 
Some hazards are linked in a feedback loop; for example, runoff increases loss of soil 

fertility, gully formation and deforestation, which in turn have a negative impact on 
runoff. 

 
These hazards generate increased risks at different levels (individual, household, 

village, commune, province) and impact human, social, economic, environmental and 
heritage activities in the area. Among the following risks, some are already observed 

and will increase in the coming decades, and others are expected in the medium and 
long term: 
 

• Destruction of infrastructure, livelihoods and cultural heritage along the coast 
(areas prone to marine submersion) and upstream (areas prone to overflow of 

the river, its tributaries and runoff). Already, 17 villas (with five households 
per villa) and 10 houses have been destroyed- for a total of 95 households, as 

well as 3 roads and 27 buildings; 
• Soil loss and reduced soil fertility. 
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Adaptation/mitigation measures 
 

In order to reduce the climatic impacts on loss of continental land, loss of coastal 
biodiversity and threats to basic infrastructure (houses, roads, bridges, hotels, etc.), 

the following measures have been defined: 
 

• Adopt sustainable land and water management practices, through 
revegetation and zoning, for example, relocation of certain unfavourably 
located sites. With this strategy impacts on the coastal system (due to 

protection measures) can be minimised and in many cases, this is the most 
sustainable solution; 

• Protection of the Atlantic Ocean coast through: 
o The construction of a gabion revetment (a length of 5 kilometres is 

envisaged) in the region of the Muanda Cliff, to limit the effects of 
erosion along the cliff (to prevent land being washed away by the waves) 

and to (locally) protect the coast against sea-level rise; 
o Vegetation of the coast by species adapted to the area (an extent of 3 

kilometres is envisaged) to limit wave action and reduce coastal erosion. 
The effectivity of such a measure has already been shown in Muanda 

village coast region, where there is no coastal erosion over 2 kilometres 
thanks to the presence of vegetation; 

o Protection of forests and reforestation (mangroves and dry soils) and 
conservation of the mangrove (mangroves are ecosystems to be 

protected at the global level, since they conserve the microclimate in 
the region, capture heavy metals and protect fish spawning areas); 

o Protection of beaches and shorelines along the coast, by sensitization of 
communities, implementation of a “sand-watch” programme in 10 
schools in the area, and vegetablization; 

• Establishment of warning systems and raising public awareness to reduce the 
endangerment of fishing communities at sea and in the event of flooding (e.g. 

listening to the weather forecast before going out to sea, evacuating flood-
prone areas before heavy rains, etc.); 

• Reduce the pressure on the forest by developing forest-friendly energy sources 
(solar, gas, or at least improved stoves) and alternative economic 

opportunities to the sale of wood. Also look for alternatives to the industrial 
use of mangrove wood; 

• Alternative economic opportunities may be fish farming (80 fishponds), 
agriculture (market gardening and food crops) (500 hectares), and livestock 

(goats and poultry) (200 goats and 1,000 hens). 
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Figure 10: The Muanda cliff area on the Atlantic Ocean coast of DRC.cxxxiii 

 
 

The following Indicators can be used to monitor progress of the measures proposed 
above: 

 
• Indicator 1: Number of people affected by the impacts of coastal erosion who 

have adopted climate resilient technologies/practices (disaggregated by 
gender);  

• Indicator 2: Type and number of people with increased awareness of climate 
change impacts, vulnerabilities and adaptation; 

• Indicator 3:  Area of land loss prevented by the protection measures; 
• Indicator 4:  Number of hectares reforested for mangrove protection;  

• Indicator 5:  Number of people with access to improved climate-related early 
warning information; 

• Indicator 6:  Number of livelihoods made available to beneficiary villages; 
• Indicator 7: Number of targeted women and youth benefiting from the 

adoption of diverse and climate resilient options. 
 

 

Conclusions 
 
The DRC coastal area is very complex with a wide variety of ecosystems and 

resources. Its strategic importance is currently threatened by coastal erosion and 
floods, which will worsen in connection with climate change. Erosion is a continuous 

process, but events of sudden erosion due to storms and flooding events are 
occurring more and more frequently, and whole cities are sometimes inaccessible, 
trapped between the floods of the rivers and the marine submersion. Human activities 



 

 128 

– such as pulling boats onto the shore and extracting sand and gravel for construction 
– increase the fragility of the coastline. 

 
The above-mentioned PANA-ZC project (funded by GEF LDCF and implemented by 

UNDP) currently supports a number of, a) non-structural measures (awareness, 
planning, knowledge creation, distribution of improved seeds, support for pastoralism 

and fishing, distribution of efficient stoves, data collection with a tide gauge and a 
buoy, early warning systems), and b) structural measures (gabions, wharfs for boats, 

mangrove revegetation). These have demonstrated effectiveness in protecting the 
coastal zone. To build on this, the DRC government through a national workshop 

(held in 2019), was able to scientifically justify the climate science basis14 for a 
funding proposal to the GCF to implement these solutions on a larger scale. 

 
 

Recommendations for additional work 

 
Measures have been defined to protect parts of the coast against erosion and 

flooding, and to make them less sensitive to the effects of climate change. Measures 
such as the construction of a gabion revetment are considered (with the objective to 

reduce wave attack at the toe of the cliff), as well as local re-vegetation and 
reforestation of parts of the coast. 

 
Selection of such measures so far is based on general considerations. In order to 

ensure that envisaged measures are effective and do not have undesirable impacts 
on adjacent coastal sections, it would be beneficial to carry out more site-specific 

analyses of key processes governing the present coastal dynamics. The strong 
increase of the erosion rates since the 1980s is unexplained, for example. An 

understanding of such apparent tipping points in coastline behaviour (based on the 
local processes) may provide valuable insight into the coastal system, and into the 
likelihood of the occurrence of future tipping points (or at other locations). 

 
Moreover, a sound understanding of the present coastal system is required in order 

to enable reliable quantitative predictions of the effects of the discussed changes of 
the relevant conditions (water levels, waves, rainfall, etc.) on the future coastal 

erosion and flooding. This understanding will also enable the prediction of the 
effectiveness of planned coastal protection, as well as its impact on adjacent coastal 

sections. Such predictions are relevant for the evaluation of the sustainability of 
envisaged measures. The northward directed longshore sediment transport forms a 

connection between all sections of the DRC coast. Measures taken may interfere with 
this longshore transport and have consequences in downdrift (and updrift) located 

areas (e.g. leeside erosion). 
 

For the functional design of envisaged measures, insight into the local processes in 
terms of the sediment balance and the dominant erosion mechanisms is required. 

Protection of the toe of the cliff will only have the desired effect if cliff erosion due to 
wave attack of the toe is dominant over the erosion caused by rainwater runoff. 

 
14 GCF-World Meteorological Organization, Climate Science Basis for Climate Action Methodology (forthcoming, 2021). 



 

 129 

Moreover, insight into the development of the foreshore is required. Continuing 
erosion of the foreshore seaward of the planned cliff protection may undermine the 

protection. 
 

For future decision-making on future-proof mitigating measures (resilient for the 
effects of climate change) it would be beneficial if additional studies would be 

performed to make a baseline assessment for the coastal system of DRC. For the 
marine aspects (coastal erosion and marine flooding) such studies should ideally 

include the assessment of trends of shoreline change for the entire DRC coast, based 
on the analysis of satellite imagery (such as Google Earth, Shoreline Monitor, etc.) 

and flood risk mapping. Moreover, insight into the normal and extreme wave and 
water level conditions along the coast would be required, which can be derived from 

open-source databases (providing offshore data) and numerical modelling (to 
translate offshore data to the nearshore area). Such information enables the 

computation of sediment transport along the coast (in alongshore and cross-shore 
direction) which will provide insight into the system and interactions between the 

various areas. Based on this information, combined with data on river sediment 
yields, sand mining, land subsidence and the contribution of rainwater runoff to the 

cliff erosion, the sediment balance of the coast and all its cells can be evaluated and 
interactions between these cells can be identified. These insights also form a basis 
for the development of flood hazard maps for existing and future conditions. 

 
This baseline will provide valuable input for site-specific studies on local measures, 

and it will support decision-making on long-term sustainable measures (not only for 
the presently envisaged measures but also for possible other measures to be taken 

in the future along the DRC coast), taking into consideration that the coast is one 
integral system. Such system-level understanding will also enable researchers to 

demonstrate the difference between the coastal impacts of hard versus soft coastal 
protection measures. 

 
Similar large-scale baseline studies may be advised to obtain more insight into the 

key processes and main contributions governing the marine, river and pluvial flooding 
of the area. 
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Introduction 

 
The archipelago of Cabo Verde is Sahelian and, being an island, is exposed to extreme 
weather conditions and higher risks of disaster events. Such events are related to 

recurrent situations like floods and droughts or catastrophic events like volcanic 
eruptions. Recent disaster events in Cabo Verde, such as due to the volcanic eruption 

on Fogo Island (2014-2015), the Dengue and Zika epidemics, the recurrent drought 
situations with serious implications for the agricultural sector, the floods on 

September 2016 in Santo Antão. The seismic events on the island of Brava, together 
with the growing awareness of the risks linked to climate change in an archipelago 

like Cabo Verde, has increased the awareness of society to this problem.cxxxiv 
 

In the last decades there has been an increase in the frequency and intensity of 
disasters in line with the worldwide increasing trend. The increase in the recurrence 

of disasters is based mostly on the increase of extreme events linked to climate 
changes and climate variability, as well as due also to a process of rapid and 
disordered urbanization that leads to socioeconomic inequalities, the persistence of 

poverty and the unplanned occupation of marginal areas (lacking basic infrastructure 
and services) in combination with high exposure to various types of hazards. 

 
Historical data show that Cabo Verde has suffered severe and recurrent droughts in 

the last century, which resulted in a high mortality rate and implied significant costs 
in the community’s livelihoods, mainly in the agricultural sector. Before Cabo Verde’s 

independence in 1975, these drought cycles (19 recorded drought events, two of 
them throughout the whole territory and others with more pronounced impacts on 

the islands of Santo Antão, Fogo, Santiago and Boavista) contributed to successive 
food crises, periods of widespread famine and forced migration. At the same time, 

Cabo Verde has also been struck by extreme rainfall that has caused floods and runoff 
with high economic losses, especially associated with the total or partial destruction 

of infrastructure (roads, bridges, water passages, reservoirs, pumping stations, dikes 
and others), leaving a trail of destruction in valleys, coastal areas and urban lowlands. 

 
This significant increase in the number of disasters seems to be related to climate 

change and an increase in precipitation over the Cabo Verde archipelago, according 
to indices calculated using the Climpact software (software that quantifies climatic 
extremes). This situation is expected to worsen if climate change continues over the 

next decades. 
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Simulations made by the Climate Information Platform (CIP), supported by WMO, 
shows an increase of temperature in 3°C until the end of the century, together with 

an increase of drought periods. This result is indicative that the rainy season tends 
to be in a short period of time, but extremes values of precipitation are expected, 

which will aggravate the occurrence of disasters if mitigating measures are not taken 
immediately. Several actions in the short, medium and long term must be carried out 

by the Cabo Verdean authorities. The most important of those actions is the creation 
of an early warning system (EWS), which will serve as a fundamental tool for 

monitoring and sending alerts for disasters. This system will be useful to all sectors 
of Public Administration and will allow an immediate reduction in the number persons 

and areas affected by disasters, and a consequent reduction of the economic 
expenses of response and recovery from disaster damages. 

 
 

Problem identification 
 
Large synoptic-scale meteorological systems affect and regulate Cabo Verde's 

climate. During the months of July to October, the Intertropical Convergence Zone is 
positioned over the country and associated convective systems cause rain on all 
islands (Figure 1). During the period of ITCZ’s activity in the region, tropical cyclones 

called ‘Cabo Verde Storms’ are formed, which cause severe precipitation events, 
strong winds and strong waves. During that same period of ITCZ activity together 

with ‘easterly waves’ associated to convective systems of local scale, will produce 
intense precipitation and strong winds in local areas of the country. In addition, 

extreme maritime events in Cabo Verde are caused by low pressure systems that 
occur in the North Atlantic. 

 
From December to June, the archipelago is under the influence of the Azores 

anticyclone, which, depending on its intensity, determines the dry period. During this 
period, there is a high probability of dust desert episodes. 

 

 

Figure 1: ITCZ annual movement.cxxxv 
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The two seasons (dry and rainy) are well defined in Cabo Verde, and in both cases, 
do not exhibit high thermal amplitude. However, extremes of maximum temperature, 

like heat waves, frequently occur. 
 

The meteorological conditions to which Cabo Verde are exposed bring positive 
impacts to the country, such as the replacement of groundwater aquifers and surface 

waters. However, on the other hand, extreme events trigger a large number of 
disasters, since there are some vulnerabilities in the country. The negative impacts 

of extreme events observed in Cabo Verde affect several sectors and causes great 
socioeconomic losses. 

 
The main primary impacts resulting from climatic phenomena affecting Cabo Verde 

are: 
• Coastal erosion; 

• Forest fires; 
• Damage to infrastructure (ports, roads, dams, underground abstraction, etc.); 

• Biodiversity loss; 
• Shipwrecks. 

 
Secondary impacts that affect the population and public management include: 

• Gastrointestinal and cardiovascular diseases after floods and heat waves;  

• Respiratory and allergic diseases during the occurrence of desert dust events; 
• Vector diseases (Dengue, Zika, Malaria) spread by insects; 

• Low agricultural and fishery production that affects food and nutritional 
security; 

• Rural unemployment and livestock mortality during severe drought events. 
 

The intensity of socioeconomic impacts and the magnitude of disasters differ as a 

result of non-climatic factors. Human occupation of hazard-prone areas increases 
exposure and inadequate construction increases the vulnerability of the exposed 

population, leading to increasing risks, and increasing numbers, of fatalities. Figure 
2 shows a high-risk area located on Santiago Island. 

 

Figure 2: Example of an area at high risk due to exposure and vulnerability to floods 
and landslides located in the city of Praia, Santiago Island. 
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Data and science identification and production 
 
The   National Institute of Meteorology and Geology (INMC) collects data from 13 

automatic weather stations installed over the country. Those stations compose the 
national network for weather monitoring and only a limited number of stations 

present a history of data capable to be used for climatology studies. From the 13 
weather stations deployed over the country, three of them located in Santiago, Sal 

and Vicente islands, present historical data (temperature and precipitation) for 
climatology evaluation. Sao Jorge dos Orgaos station, located in Santiago island, 

show a high degree of inter-annual variability, over a trend towards increased 
precipitation (Figure 3). After 2008 in particular, there is a high frequency of annual 

precipitation values above the average on Santiago Island (calculated by Climpact). 
Yet at the same time variability has increased over the past decade and high 

precipitation years have been followed by periods of low precipitation and drought. 
The same behaviour was found in Sao Vicent island after the analysis of the local rain 

gauge data (graph not shown). In the weather station of Sal island (Sal/airport) the 
same behaviour was identified through the calculation the SPI index and we can 

observe the rainy periods and the dry/drought periods since 1980 (Figure 4). 
 
The lack of data recorded by the National Institute of Meteorology and Geology make 

it difficult to infer rainfall climatology for the entire country. However, considering 
the trends of rainfall for the three locations analysed before, and considering that the 

total area of the country is not so large (approximately 4,000km2), it can be said that 
the whole country tends to present similar climate regime. This hypothesis allows the 

extrapolation of the analysis based on data of the three islands mentioned above, to 
the remaining islands of the country. 

 

 

Figure 3: Precipitation anomaly 1981-2019 on Santiago Island, showing a trend 

towards increasing precipitation and inter-annual variability. 
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Figure 4: Index SPI at the meteorological station of Sal/airport between 1980 and 

2011. 
 

 
Disasters in Cabo Verde are requiring increasing efforts from public managers. 

Climate projections for the coming years and decades show that variables such as 
temperature and precipitation will change their behaviour, which can contribute to 

an increase in the frequency and severity of disasters. 
 

Projections of climate models from the WMO-GCF Climate Information Platform (CIP) 
(https://climateinformation.org) show an increase in the mean temperature of Cabo 

Verde by 1°C during the period 2011-2040, and up to 3°C by the middle of the 21st 
century. The results also show an overall 4% increase in the total annual precipitation 

in Sao Filipe and Praia Islands. These results point to a possible increase in flood 
periods, and at the same time to an increase in the annual values of water discharge 

and runoff (i.e. 10 and 18% and 21 and 55% for the corresponding Islands, Figures 
5a and 5b). We interpret these values to indicate that there is a trend for an increase 

in the total quantity of rainfall during the rainy season, but on the other hand this 
situation will favour the occurrence of extreme rain events in short periods of time, 
which may lead to floods of greater intensity in the southern part of Carbo Verde. In 

contrast, Porto Novo Island in the far north show a 19% decrease in total annual 
precipitation (Figure 5c). This consequently translates into a slight decrease in water 

discharge and a significant decrease in water runoff of about 1% and 59%, 
respectively. 

 

https://climateinformation.org/
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Figure 5a: Top six indicators for Sao Filipe Island in Cabo Verde RCP 8.5, 2011-2040 
from CORDEX Africa and WWHYPE. 

 
Figure 5b: Top six indicators for Praia Island in Cabo Verde RCP 8.5, 2011-2040 
from CORDEX Africa and WWHYPE. 
 

 

Figure 5c: Top six indicators for Porto Novo Island in Cabo Verde RCP 8.5, 2011-
2040 from CORDEX Central America and WWHYPE. 
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These results suggest that extreme events in Cabo Verde will increase, which will 
require from the Authorities an increase in response capacity. 

 
Disasters involving hydro-meteorological hazards which have been observed in Cabo 

Verde in recent years include: 
• 2009: Floods and landslides that caused two deaths in São Nicolau Island; 

• 2009: Dengue epidemic with 21,137 cases and four deaths; 
• 2012: Floods and landslides on the island of Boa Vista caused one death and 

destruction of roads and bridges; 
• 2013: Floods in São Miguel on Santiago Island that caused severe damage in 

agricultural infrastructure;  
• 2015: Hurricane Fred that caused significant impacts on the Islands of São 

Nicolau, Santiago and Santo Antão; 
• 2015: Shipwreck that occurred due to strong maritime unrest causing the 

death of 11 people; 
• 2015/2016: Strong Dengue and Zika epidemic that affected approximately 

7,081 people;  
• 2016: Floods in Santo Antão island; heavy rains and damage in the local 

infrastructure; 
• 2016: Zika epidemic with 883 cases, mostly in the southern islands; 
• 2017-2019: severe drought that affected more than 70,000 people.  

 
Figure 6 shows the main disasters observed in Cabo Verde in recent years and their 

financial and social impacts since 1995 until 2018. The risk disasters identified in 
these last years are related with: a) volcanic eruptions in 1995 and 2014 (this last 

one had a significant economic losses of US$ 30.2 million; b) floods in 2009 (caused 
two deaths) and in 2016; c) hurricane Fred in 2015 with an economic impact of US$ 

2.5 million; d) epidemic of Zika virus infection in 2015/16 that affected more than 
7,000 people; and e) drought in 2017-19 which was the worst drought episode in the 

last 40 years in the archipelago of Cabo Verde, affected more 72,000 people and had 
very significant economic losses (US$ 11 million). 

 

Figure 6: Disasters observed in Cabo Verde archipelago.cxxxvi 
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Due to climate change, hazardous conditions are expected to become more frequent 
and with a shorter time of occurrence between extreme events. The results of the 

World Risk Index 2017 (WR) show that Cabo Verde is in 32nd place (of a total of 171 
countries) with high levels of exposure and vulnerability. According to this index, 

Cabo Verde has relatively high levels of susceptibility and still has limited capacities 
and adaptation strategies. The combination of hazardous conditions with high 

exposure and vulnerability across the African continent led to the number of disasters 
recorded in 2018 nearly equalling the number recorded over the previous decade 

(Figure 7). This continental-scale trend reinforces the idea that climate change, in 
combination with Cabo Verde’s exposure and vulnerability, has the potential to 

significantly increase disaster risk in the archipelago. 
 

 

Figure 7: Comparison of the number of disasters that occurred in the African 
continent in the 2008-2017 decade and in 2018.cxxxvii 
 

 
Taking into account the negative climate scenarios that point toward to a higher 

frequency of extreme phenomena in Cabo Verde, and knowing that disasters are a 
great challenge to be faced by Cabo Verdean society, it will be very important that 

all sectors of Public Administration in the country work together to integrate efforts 
across the most affected sectors and their respective individual initiatives. One key 

ingredient will be to create an EWS capable of helping decision-makers to manage 
the impacts of severe events affecting Cabo Verde. It will be important to have an 

integrated, multi-hazard system, centred on people, which supports preventive 
action, preparation for response and emergency management. 

 
Action in relation to disaster risks in Cabo Verde have been undertaken by the 

competent bodies within each affected sector. The National Institute of Meteorology 
and Geology (INMC) carries out meteorological, climatic and environmental 

monitoring and surveillance for the entire archipelago, using its own sensors installed 
in different locations. 
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The INMC in situ observation network is composed of: 
• 13 automatic weather stations; 

• Six aeronautical weather stations; 
• Three automatic marine stations, which are currently inoperative due to lack 

of maintenance and training of operators.  
 

In addition to the existing in situ observation network, INMG uses images from 
EUMETSAT meteorological satellites for the monitoring and surveillance of 

meteorological systems that affect the archipelago, as well as weather forecast 
models and marine forecasts from international centres. 

 
INMG maintains a database on Sal Island that receives real-time information from all 

automatic stations. Another database with pluviometric information from all the 
islands is located on Santiago Island. Due to the lack of communication between the 

two databases, there is no integration of data in a single location, however. The 
Institute currently lacks the tools needed for data integration, processing and 

visualization to support analysis and assessment of weather conditions. 
 

INMG prepares daily bulletins to inform the population and governmental bodies 
about weather and sea conditions for the next 30 hours. Communications are made 
via email to subscribers, and also from daily newsletters broadcast on the radio 

directly by the meteorologist. In case of critical situations, communication is also 
made by state TV. Weather forecast and maritime conditions bulletins for up to three 

days with weekly preview are sent to public managers and government decision 
makers. 

 
Despite carrying this work in line with its mission, INMG faces several gaps: 

• The INMG meteorological observation network does not have the number of 
sensors needed for effective meteorological monitoring; 

• There are currently no soil moisture sensors and no hydrological stations (river 
level measurement); 

• There is no weather radar in the country; 
• There is a need to speed up the recovery of historical data recorded on paper, 

through the digitization of this information in a digital database; 
• To ensure continuous data production, it is also necessary to have a preventive 

and corrective maintenance program to keep all sensors in operation, thus 
ensuring continuous data production and absence of gaps in the historical data 

series, as well as its quality and homogeneity. 
 

Finally, it should be noted that the existence of isolated databases belonging to 
different institutions, makes the work of collecting and analysing information more 
difficult, which limits the performance of INMG’s monitoring activities and also the 

work of scientific investigations. The different databases should be integrated in order 
to universalize and streamline access to the information by all interested parties. 

Moreover, in addition to these requirements for improving meteorological 
information, there is also currently a lack of integrated data on exposure, 

vulnerabilities, risks and impacts, and of the required trained human resources. 
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The information deficiencies identified above limit the scientific resources required to 
support the archipelago’s monitoring efforts. Nowcasting forecasts, which can provide 

information relevant for anticipating the exact time of a disaster, currently cannot be 
provided due to the lack of weather radars. The increase in the skill of numerical 

weather forecasting models in high spatial resolution cannot be achieved due to the 
low density of data collection sensors and to the absence of areological observations. 

The skill of seasonal climate forecasts which may, for example, anticipate the severity 
of a drought, is limited due to the lack of local information that could be assimilated 

into the numerical models. 
 

These examples significantly and negatively affect the meteorological monitoring of 
INMG and ultimately the capacity of Authorities to obtain access to the relevant 

information needed to act accordingly. 
 

In order to minimize these limitations and improve monitoring, forecasting and early 
warning efficiency in Cabo Verde, it is necessary to cover a series of gaps. The main 

needs include: 
• Expansion of the observation network with more meteorological stations and 

rain gauges; 
• Creation of a maritime observation network including buoys and land maritime 

stations; 

• Creation of a network of stations for measuring humidity, soil and river levels; 
• Acquisition of weather radars; 

• Implementation of a weather forecasting model coupled with a marine 
forecasting model; 

• Establishment of a program of upper-air stations; 
• Training and capacity building of human resources. 

 

Adaptation/risk management measures 
 
The measures previously identified, once implemented, would put in place one of the 

main pillars of an EWS. INMG professionals carry out daily analysis of the data 
received from the observation network. When a weather risk condition is identified, 

a warning is sent to the Civil Protection Service, which has the competence to take 
response actions to address disaster risks. Nevertheless, INMG is currently unable to 
assess the impacts that an extreme weather event could have on the exposed 

population. This absence of information on anticipated impacts in turn limits the Civil 
Protection Service’s ability to implement contingency plans for effective response. 

 
This situation highlights that weaknesses in response capacity when an extreme 

event occurs are not limited to the meteorological domain. Although there are 
predefined competencies in the country, there is a need to strengthen coordination 

and integration of the efforts of the various public and private entities involved in 
matters related to natural disasters. Contingency and action plans for climate impacts 

in Cabo Verde have been developed or are in progress for different sectors: 
• National Public Health Emergency Plan; 

• Early Warning System for Food and Nutritional Security (SAP-SAN); 
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• National Agricultural Investment Plan for Food and Nutritional Security 
(PNIASAN); 

• PLENAS - National Strategic Water and Sanitation Plan;  
• National Strategic Waste Management Plan - PENGeR; 

• ENRDCV - National Strategy for Disaster Risk Reduction in Cabo Verde.  
 

Associated response and risk management measures currently in place in Cabo Verde 
partially meet the country’s needs in terms of limiting the climatic impacts that affect 

all islands of the archipelago. Yet despite the existence of robust sector plans that 
include all the actions necessary to meet the needs of each sector, there is still a lack 

of coordinated action that integrates all action plans. Coordinated action among all 
sectors will make communications, warnings and alerts about extreme events more 

effective, which will result in a decrease in the number of fatalities and also an 
increase of efficiency and effectiveness in the use of public resources, consequently 

increasing the efficiency of administrative management of the country. 
 

In summary, despite some limitations, Cabo Verde has tools, data, response plans, 
contingency plans, qualified human resources, political stability and other factors that 

facilitate the creation of a coordinated action integrating all these capabilities.  These 
capabilities need to be brought together to promote the joint action of the various 
ministries and sectors and improve communication between the government and 

society to reduce disaster risks and impacts associated with climate variability and 
change, through the creation of an Early Warning System (EWS). An efficient EWS 

works in a transversal way, joining all sectors through joint action protocols. Such a 
system needs to be powered by an efficient means of monitoring geo-environmental 

variables equipped with data collection, interdisciplinary teams, infrastructure and 
computational intelligence, inter-institutional articulation and political coordination of 

all the ministries involved. 
 

The joint actions required to provide Cabo Verde with an efficient EWS must follow 
WMO recommendations, whose implementation steps are shown in Figure 8.  

 

 

Figure 8: Scheme of a chain of actions to be taken for the implementation of an 

Early Warning System.cxxxviii 
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As previously discussed, Cabo Verde is equipped with some of the components shown 
in Figure 8. However other components need to be created or improved so that an 

EWS can be established and capable of providing the country with information and 
alerts on the risks associated with the occurrence of extreme events. 

 
The construction of an EWS is a complex process that must be built based on the 

integrated action of all entities involved. It is therefore a long-term action in which 
the ultimate goal is the reduction of fatalities and other impacts on those affected by 

disasters, as well as the reduction of public expenses that are applied in reactive 
response to the recovery from disaster damage.  

 
Several steps must be taken until an efficient and reliable EWS is well established in 

the country. The current situation in Cabo Verde allows implementation of such a 
system to be started immediately with the current installed facilities and capacities.  

 
Table 1 shows a general picture of the actions needed to implement an EWS in Cabo 

Verde and provides a roadmap based on current capabilities and future needs to be 
successful in the final priority climate goal shown in the table. 

 

Table 1 – Roadmap for the Establishment of an EWS 

  

Timeframe 
Priority climate 
goal 

Short-term (1-2 years) Medium-term 

(5 years-10 years) 

Long-term (10 

years) 

Approve and implement the 

Cabo Verde National DDR Plan;  
Expand and improve the 

National Meteo Climatic 

Observation and air quality 

networks;  
Prepare and create a 

vulnerability map library and 

identify risk scenarios for 

hazardous areas where natural 
disasters occur; 

Improve the skill and the spatial 

resolution of weather and ocean 

models; 
Capacity building in different 

areas;  

Define criteria and rules for 

warning and alert 
dissemination; 

Establish inter-intra institutional 

relationships; 

Coordination: establish 

procedures and protocols for 
common actions between 

institutions and agencies;  

Create of a common 

database/platform for sharing 
information and data for all 

users and stakeholders. 

Guarantee the constant 

maintenance and 
improvement of the 

observing network: 

weather and air 

quality; 
Continue capacity 

building; 

Maintain and enlarge 

the common 
database/platform;   

Establish national and 

international 

collaboration in order 
to unify the national 

and regional EWSs; 

Implement / construct 

civil structures to 
minimize the impact of 

disasters; 

Establish 

communication support 

policies and protocols. 
 

Provide the 

country with a 
complete program 

for DRR 

management, 

ensuring the 
implementation of 

the four phases of 

disasters: 

prevention, 
preparedness, 

response and 

recovery.  

Empower 

communities and 
individuals capable of 

responding 

appropriately in a 

timely manner to 
extreme events in 

order to reduce the 

risk of deaths, injury, 

property loss and 
infrastructure 

damage.  
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Cabo Verde’s current economic reality does not allow the country to invest all the 
financial resources necessary for the implementation of an EWS. It will be necessary 

for the country to find partners and collaborators who can co-finance this initiative. 
Therefore, considering that: 

• The Green Climate Fund responds to climate change by investing in low 
emission and climate resilient development; 

• The natural disasters observed in Cabo Verde are directly related to the climate 
changes observed by the indicators presented earlier in this document; 

• Cabo Verde does not have an EWS that can contribute to the prevention, 
mitigation and reduction of victims affected by disasters. 

 
It is essential to provide the country with the ability to anticipate the risk of disasters 

that occur in all the islands of the archipelago. 
 

This region is part of a very important area for global monitoring and therefore the 
creation of infrastructures and procedures that allow a sustained and continuous 

selection of information is an asset for monitoring climate change and its impacts on 
a larger scale. It is concluded that the Green Climate Fund is a unique opportunity to 

leverage all the initiatives described in this document, and thus ensure the 
implementation of an EWS in Cabo Verde, which will certainly bring immeasurable 
benefits not only for the country, but for the whole of tropical East Africa and the 

Central Atlantic region. 
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Climate Science Basis: Energy in Cabo Verde 
 

Lead author: Alberto Troccoli. 
Authors: Mario Oliveira, Francisco Correia, Alcina Almeida, Suelly Goncalves, 

Neiva Centeio, and Dulcelina Martins. 
 

 

Introduction 
 
Cabo Verde (English: Cape Verde) is a small island developing state (SIDS) and a 
least developed country (LDC). Cabo Verde is made up of ten islands and eight 

islets, located in the Atlantic Ocean, some 450 kilometers west of the Senegal 
coast in West Africa (see map below). It has a land area of 4,033km2 and a 

700,000km2 Economic Exclusivity Zone. The ten islands are grouped into 
Windward islands (northern islands group), comprising Santo Antão, São Vicente, 

São Nicolau, Santa 
Luzia, Sal, and Boa 

Vista, and Leeward 
islands (southern 

islands group), 
consisting of Maio, 

Santiago, Fogo and 
Brava. Of these, nine 

islands are inhabited, 
with an overall 

population of ca. 
550,000 inhabitants 

(49.8% female, 
50.2% male). This is 
expected to reach 

610,000 and 680,000 
in 2030 and 2050 

respectively.cxxxix 
 

Cabo Verde is facing a threat of high climate change vulnerability, both as a SID 
and as an arid country in Africa’s Sahel region. The insularity of Cabo Verde further 

renders this highly  
fragile ecosystem vulnerable to extreme natural phenomena because of its small 

size, inadequate infrastructure and lack of natural resources. Despite the 
challenges, Cabo Verde is an emerging nation with a strong and transformative 

development agenda. Since achieving independence in 1975, Cabo Verde has 
evolved into a stable democracy and continuously growing economy, leading to 

substantial increases in per capita income, widespread education and health, and 
life-expectancy. Today’s economy is mainly shaped by the tertiary sector (almost 

70% of GDP), with the tourism industry already representing about 30% of GDP. 
The industry expects robust growth rates, from half a million tourists in 2013 to 

one million tourists per year by 2020. While a welcome boost to the economy, this 
development will increase the pressure on the country’s fragile ecosystem and 

resources.  
 
Cabo Verde is firmly committed to a global low-carbon transformation, which 

decouples economic growth from emissions, provides for the sustainable use of 
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natural resources, limits average global warming to 2°C, with the ultimate goal of 

achieving 1.5°C in the long term, and assists nations with adapting to the 
consequences from sea-level rise, extreme weather events, and other effects of a 

changing climate. Cabo Verde has already laid the relevant groundwork to achieve 
energy-independence on 100% renewable sources, integrate highest levels of 

water-efficiency and resilience to climate change, operate a fully sustainable 
economy and a sustainable tourism infrastructure, and work towards building what 

Cabo Verde has always carried in its name: a truly green island state. 
 

However, it is also important to consider that Cabo Verde has limited natural and 
financial resources and a strong dependency on external energy supply. The 

country needs to import fossil fuels and the most used in the production of energy 
are petroleum products and their derivatives. In the context of climate change, 

the country has great natural potential, such as wind, sun and sea waves, for the 
production of renewable energy. These natural elements constitute opportunities 

as alternative factors for the production of clean energy that contribute to the 
reduction of greenhouse gas (GHG) emissions. It should be noted that in 2010, in 
order to take advantage of these production factors, the country began to invest 

strongly in the production of electricity using renewable sources, more specifically 
solar and wind energy. Currently, the country has a contribution of 20% of 

renewable energy penetration in the public electricity network. 
 

Cabo Verde is also committed to implementing the Sustainable Energy for All 
(SE4all) agenda and, as host to the ECOWAS Regional Centre for Renewable 

Energy and Energy Efficiency (ECREEE), intends to assume regional leadership on 
energy transformation in Africa. In addition, Cabo Verde has signed together with 

the European Union, Luxembourg, Spain, Portugal and Austria a Joint Declaration 
on Reinforced Cooperation in the Field of Sustainable Energy. The cooperation will 

support Cabo Verde on its pathway to universal energy access and enhanced 
electricity supply from 100% renewable energy sources.  

 
 

Problem identification 
 
The main problem in Cabo Verde lies in the strong dependence on the import of 

fossil fuels which, associated with the scarce economic and financial resources, 
translate into high energy production costs and importantly and high GHG 

emissions. For the energy sector and its sub-sectors, the aim is to find effective 
solutions in order to reduce the consumption of fossil fuels by making stronger use 

of the production of renewable energy (RE). 
 

The generation and consumption of energy in Cabo Verde over the period 2000-
2015 is shown in Table 1. With international support, and based on 2015 targets, 

Cabo Verde seeks to increase the renewable energy uptake in electricity to 100% 
by 2025, with best efforts to achieve this goal already by 2020, in accordance with 
the following indicative trajectory: 

• 35% RE penetration rate in 2016-2018; 
• 50% RE penetration rate in 2018-2020; 

• 100% RE penetration rate in 2020-2025. 
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Table 1 – Generation and consumption of energy 
 

 

 
 

 

 

 
 

 
 

 
 

 
 

To achieve these goals, the following key measures were envisaged:  
• Smart-grid enhancement for the country’s nine independent networks with 

state-of-the-art power conditioning, production and distribution control; 

• Built-up of energy storage facilities (including through batteries and 
flywheels);  

• Design of renewable micro-grids; 
• Design of individual energy systems (solar home systems); 

• Systematic deployment of solar-water-heaters across all islands.  
 

Though energy efficiency, Cabo Verde also seeks to reduce overall energy demand 
by 20% compared to the base scenario by 2030, with best efforts to achieve this 

indicative reduction effort already by 2025.cxl 
 

The identification of the sub-sectors that need a quick and urgent intervention, 
within the context of an energy transition, was made based on the analysis of the 

electricity consumption profile. While these targets need to be updated, in planning 
such ambitious energy transformation, given the reliance of RE on weather and 

climate as a driver, it is critical to understand the current and future climate 
conditions. 

 
As a small island country and a dry Sahelian country with only 10% arable land 
area, Cabo Verde is particularly vulnerable to climate change and its impacts, 

ranging from extreme weather conditions to sea-level rise. This despite the 
country’s contribution to global warming being negligible. Changes in seasonal, 

weather and rain patterns are already showing. Along with a depletion of the 
country’s scarce natural resources, climate variability and change will likely lead 

to an increase in storminess, floods and droughts, and an ever-shorter rainy 
seasons. The next section presents an assessment of the past climate for 

meteorological variables; an outlook over the next several decades is also 
discussed. 

 
 

Data and science identification and production 
 
For the energy sector, the following meteorological (climatic) variables were 

identified as the most relevant for the production of RE in Cabo Verde (Table 2). 

Year 2000 2010 2013 2014 2015 

Generation (GWh) 145 346 391 402 421 

Consumption (GWh) 93 268 288 288 304 

Generation by Technology 

(GWh) 
2000 2010 2013 2014 2015 

Solar power 0 2 7 5 6 

Wind power 8 2 76 66 79 

Diesel 131 342 308 331 336 

Total (GWh) 142 346 391 402 421 
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These variables are generally available for the past several decades from either 

observations (in situ or satellite-derived) or reanalyses (a combination of models 
and observations). Modelled projections are also available but their accuracy and 

(temporal/spatial) resolutions degrades dramatically; nonetheless they provide 
useful outlooks over the next several decades. 

 
Assessment of the historical period 

 

The observation data used here for three variables – precipitation, wind speed at 
10 m height, and solar radiation at the surface – were made available by the 

National Institute of Meteorology and Geophysics (INMG). They are collected at 
one station, Cidade da Praia, International Airport N. Mandela. Their temporal 

coverage varies depending on the variable, but they span at least a 14-year period. 
These in situ observations are complemented by the ERA5 reanalysis, covering the 

41-year period 1979-2019. ERA5 offers a complete dataset, which is the result of 
the combination of a complex physical weather model with observations. The 

resolution of the ERA5 reanalysis is ca. 30 km x 30 km horizontally in space and 
hourly in time. 

 
 

Table 2 – Meteorological variables relevant for the production of 

RE, their sources and availability 
 

Meteorological 

Variables 

Source Period in situ Period ERA5 

10-m Wind speed INMG and ERA5 

reanalysis 

1979-2018 1979-2019 

Solar radiation at 
the surface 

INMG and ERA5 
reanalysis 

1979-2018 1979-2019 

2-m Temperature ERA5 reanalyses n/a 1979-2019 

Precipitation INMG and ERA5 

reanalysis 

2004-2018 1979-2019 

 
In the analysis that follows we aim to identify the main features of these climatic 

variables, including their mean values (for instance, wind speed strength, as 
relevant for wind power generation), their seasonality and their trends. More 

elaborated analyses such as duration of droughts, or number of rainy days, could 
also be computed but as they are more specialized it is most effective to apply 

them to specific problems, once identified.  
 

We start by comparing the available observations of precipitation, 10-m wind 
speed and incoming solar radiation at the surface from the Praia Airport 

(International Airport N. Mandela) with the nearest ERA5 grid point. To reduce the 
variability in the data and make the plots more legible we consider monthly means. 

Also, although observations are not perfect, as they are affected by various sources 
of error (e.g. instrument accuracy), we consider them as truth for the purpose of 
this analysis. 

 
Figure 1 shows the rainfall (precipitation) data recorded at the Praia Airport station. 

Two main features can be seen. The first, and most striking, is that precipitation 
is highly seasonal, and concentrated in the months of August to October, with a 

peak typically in September. This September peak rainfall constitutes a large 
portion of the annual rainfall. Outside of this rainy season, precipitation is virtually 
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inexistent. The second feature is that the rainfall given by the ERA5 reanalysis is 

well aligned with the observations. While the rainfall (September) peak is normally 
underestimated by ERA5, its seasonality and the overall values are well captured.  

 

 

Figure 1: Comparison between observed precipitation at the Praia Airport (red) 

and the nearest ERA5 reanalysis grid point (blue). 
 

 
The fact that the rainfall is underestimated is to be expected given that ERA5’s 

spatial resolution is ca. 900 km2 while the observations are collected at a specific 
location. However, this gives us confidence that ERA5 can be used as a reasonable 

proxy for precipitation observations over a longer period, namely 1979-present 
(the availability of ERA5). It is also conceivable that similar results apply over the 

Cabo Verde domain as the area is relatively confined and with analogous physical 
features. From a natural resource point of view, having such a limited rainy season, 

clearly presents challenges in terms of water availability, in this case in terms of 
its use for energy operations (e.g. cleaning of solar panels, which are subject to 
considerable dust deposition). 

 
In terms of solar radiation, ERA5 clearly overestimates the observation values 

(Figure 2). However, the larger values of ERA5 are systematically higher, so they 
can be adjusted to match the observations by a simple shift, or additive factor, in 

its values. In this case, the adjustment would be equal to about 30 W m-2 – this 
has been tested also via other analyses such as a scatter plot (not shown). This 

means that for instance the interannual variability of solar radiation is well 
reproduced by ERA5. This allows us to conduct further analyses, such as trend 

evaluations, using the more reach ERA5 dataset, as shown later. 
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Figure 2: As in Figure 1, but for solar radiation at the surface. 
 

 
Analogously to solar radiation, the 10-m wind speed is overall well represented by 

ERA5 in its main characteristics (e.g. its variability) but it systematically 
underestimates the observed values, by about 1.7 m s-1 (Figure 3). Note, 

however, that there is a decline in the observed values from the early 1990s to 
the mid 2000s, with a sudden increase at around 2007 and a subsequent gap in 

the data of about two years. From around 2010 wind speed stabilizes again, with 
values ranging between 3 to 9 m s-1. A more in depth assessment of the 

observation quality would need to be performed, but based on experience from 
other similar wind monitoring stations this type of behaviour (sharp decline, and 

sudden increase) is often related to changes in either instrumentation (e.g. new 
instrument, relocated station) or its environment (e.g. growth in surrounding 

vegetation, new buildings), or both. Given the better consistency of ERA5 data, 
this may be a case where reanalyses are more reliable than observations. It is also 

possible that these observations were used in constructing the ERA5 reanalysis, 
but this would have typically been done by filtering out bad observation data via 

appropriate quality control checks. 
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Figure 3: As in Figure 1, but for 10-m wind speed. 
 

 
The annual cycle for the four average climatic variables – 2-m air temperature, 

precipitation, 10-m wind speed and solar radiation – from ERA5 computed over 
the 1979-2019 period for the entire Cabo Verde country are shown in Figures 4 to 
7, respectively. 
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Figure 4: Annual cycle of average 2-m Air Temperature (in °C) in Cabo Verde, 

based on the period 1979-2019. 
 

 

Figure 5: Annual cycle of average Precipitation (in mm/day) in Cabo Verde, based 
on the period 1979-2019. 
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Figure 6: Annual cycle of average 10-m Wind speed (in m s-1) in Cabo Verde, 
based on the period 1979-2019. 

 

 

 

Many climatic features can be observed from these plots. Here, we draw attention 
to a few. For instance, whereas the highest temperatures are July to November, 

peaking in September (Figure 4), solar radiation is at its highest over a different 
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period, namely between April and June (and lowest in December and January) 

(Figure 7). 
 

This has implications for energy demand which is at the highest in the months 
August to early January.  

 

Figure 7: Annual cycle of average Solar Radiation (in W m-2) in Cabo Verde, 
1979-2019.  

 
 

As shown with the timeseries at Praia Airport, precipitation is ‘peaky’ with the 
active months being August to October, with a clear peak in September (Figure 5). 

However, the spatial maps uncover the fact that even if the entire country is 
subject to the same annual cycle, the northern part receives considerably less 

rainfall than the southern part (where Praia is). Thus, the already very low levels 
of precipitation seen for Praia (Figure 1), which are in the order of 20-40 cm/year 

(see also Figure 8), are even smaller for the Windward islands, therefore making 
hydro power opportunities very challenging.  
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Figure 8: Annual averages of Temperature (top left), Precipitation (top right), 10-
m Wind Speed (bottom left), Solar Radiation (bottom right) from ERA5 reanalysis 

for the nearest grid point to the Praia Airport, 1979-2019. The linear trend (y = a 
+ b x) is also drawn, with the coefficients also displayed in the plot legends.  

 
 

Even wind speed displays a pronounced annual cycle, with the most active season 
between December and April, with average values up to about 9 m s-1 (Figure 6), 

therefore representing a very good wind power resource. Incidentally, the same 
maps for wind speed also explain the reason for the choice of ‘Windward’ 

(northern) and ‘Leeward’ (southern) islands, as the former are usually subject to 
stronger wind speeds than the southern part of the country. 

 
Other features worth considering are the linear trends over the four decades of 

ERA5, as they can also provide an indication of future changes. The trends for the 
same four climatic variables at (near) the Praia Airport are shown, together with 

the annual average values, used to derive the linear trends, in Figure 8. The only 
variable which displays a more marked (positive) trend is precipitation: based on 

these ERA5 data, precipitation has been increasing by circa 2 cm per year every 
decade; note however that precipitation in the last three reported years (2017 to 

2019) has been below normal. Temperature has followed a mild positive trend of 
about 0.2 °C in 40 years. Instead, trends in 10-m wind speed and solar radiation 
are instead virtually inexistent (if anything, on the positive side). 
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Figure 9: Linear trend of 2-m Air Temperature (in °C per year) in Cabo Verde, 

based on the period 1979-2019. 
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Figure 10: Linear trend of Precipitation (in mm/day per year) in Cabo Verde, 

based on the period 1979-2019. 
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It is also important to note that the annual linear trends shown in Figure 8 obscure 

the trends in different times of year. For instance, while there have been increases 
in temperature over the last few decades over the period August to January, there 

have also been noticeable decreasing temperatures in the months February to 
April, and June (Figure 9). From Figure 10 one can see that precipitation in 

September has been increasing. However, as shown earlier, September is about 
the only month of the year when there is any substantial rainfall in Cabo Verde. 

 
As for temperature, wind speed and solar radiation show pronounced annual cycles 

in their trends. For instance, wind speed has been increasing in the months January 
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to March (Figure 11), a period of already strong winds (Figure 6). Trends for solar 

radiation are generally positive throughout the year except for marked opposite 
values in February and September (Figure 12), the latter being associated with the 

mentioned increasing rainfall. 
 

 

Figure 11: Linear trend of 10-m Wind speed (in m s-1 per year) in Cabo Verde, 
based on the period 1979-2019. 

 

 

Figure 12: Linear trend of Solar Radiation (in W m-2 per year) in Cabo Verde, 

based on the period 1979-2019.  
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Assessment of the future period 

 

To extend the assessment over the past several decades as presented above, it is 
also important to investigate what the climate could look like over the upcoming 

decades. A number of climate projection models are available for this purpose. 
Here we make use of the models evaluated by SMHI and available via the 

GCF/WMO Climate Information Platform (CIP), https://climateinformation.org. 
Two scenarios are available: the more moderate RCP 4.5; and the very high 

emission RCP 8.5. Both are considered here, even though the latter is sometimes 
considered an excessive emission scenario. As an illustration we focus here again 

on Praia as a location, and on the 30-year period 2041-2070. In excess of 15 
models have been used to produce the results shown here. 

 
Rather than displaying timeseries and maps as for the historical period, results are 

summarised here in terms of the main indicators available through the Climate 
Information Platform, namely temperature, precipitation. Other indicators – 

aridity, soil moisture, water discharge and water runoff – are also available but are 
less relevant for energy.15 These four have been mainly developed for water 
applications, but some of them could be utilized by the energy sector too, as in 

the case of water runoff for hydropower generation, though not the case for Cabo 
Verde.  

 
The projected temperature change for RCP 4.5 is broadly in line with the trend 

over the past 40 years and is given as 1°C increase over the next 40-50 years 
(considering the central time of the 2041-2070 period) (Figure 13). Scenario RCP 

4.5 is at a higher level of emissions as the past decades, so a higher increase than 
the observed 0.2 °C in 40 years is to be expected. However, also note that no 

uncertainty intervals are provided with these projected estimates. The projected 
precipitation instead is summarized as a negative change (-3%), therefore with 

opposite signs as the historical trend. It should be observed, however, that 
precipitation signals are normally more mixed than the temperature signals, in 

climate projection models. This is also confirmed with the list main projected 
changes, ordered by those with the more robust signals. It is mainly temperature-

related indicators which are more robust, even though their change is given as 
small. 

 
 

 
15 The summaries presented here have been downloaded from: https://climateinformation.org/create-report. 

https://climateinformation.org/
https://climateinformation.org/create-report/
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Figure 13: Main climate indicators from climate projections for Praia over the 
period 2041-2070 for the RCP 4.5 emissions scenario. The top shows the summary 

for (six) selected indicators, whereas the bottom part lists the main projected 
changes, ordered by those with the more robust signals (see Ensemble agreement 

column).  
 

 
Projected changes for the RCP 8.5 emission scenario are broadly in line with the 

RCP 4.5 (see Figure 14), only more pronounced as expected by the stronger, RCP 
8.5, scenario. Thus, the temperature change is given as a 2°C increase (twice as 

large), and the precipitation change is also nearly twice as large (-5%, compared 
to -3%). In this case, as it was for RCP 4.5, tropical nights are expected to see 

large changes. With RCP 8.5 there are also medium changes projected for 
minimum and maximum temperatures – they were small in the case of RCP 4.5 
but in both cases there is agreement amongst models (last column in Figures 13 

and 14).  
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Figure 14: As for Figure 13, but for the RCP 8.5 scenario. 

 

 

Adaptation/mitigation measures 
 
The Cabo Verde Government has already identified several areas for 

adaptation/mitigation measures for which energy plays a key role (Table 3). It is 
worth noting that while the main energy policy drivers relate to renewable energy 

and energy efficiency, other sectors such as transport, water, fishery and tourism 
also require substantial energy to operate, as indicated in the same table. 
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Table 3 – Targets of Energy activities, also in support of other 

relevant sectors.  

 Proposed solution Main measures to be achieved 
Renewable 
Energy 

Seek to supply 100% of the 
electricity installed by 

renewable energy sources in 

2025, using the best efforts to 

achieve this goal in 2020, 
according to the following 

indicative trajectory: 

Penetration rate of 35% RE 

from 2016 to 2018; 
Penetration rate of 50% RE 

from 2018 to 2020; 

Penetration rate of 100% RE 

from 2020 to 2025. 

improve the smart grid for the 9 independent 
grids in the country with conditioning, 

production and control of energy distribution; 

build energy storage structures (using batteries 

and steering wheels); 
trace the micro grids of renewable energy; 

sketch the individual energy systems (domestic 

solar systems); and 

systematic deployment of solar water heaters in 
all islands. 

Energy 

Efficiency 

Seek to reduce the general 

energy requirement by up to 

20% compared to the Base 

Scenario by 2030, making the 

best efforts to achieve this 
effort to reduce the area by 

2025. 

seek to reduce the proportion of energy 

distribution losses for technical and non-

technical reasons from 24.1% in 2010 to 7.1% 

by 2030 or earlier; 

improve the Energy Efficiency of large 
consumers, with a special focus on Hotels and 

public administration offices by 2030 or earlier; 

at least 10% improvement in fuel use by 2030 

or earlier; 
improve the energy performance of the 

building's surroundings, seeking to cover all new 

constructions (public or private) by 2030 or 

earlier; 
improve the energy efficiency of street lighting 

and create energy fee labels for household 

appliances and air conditioning by 2030 or 

earlier; 
provide safer and more effective alternatives for 

using domestic stoves (aim to cover around 

90% of rural households by 2030); and 

promote the construction of a comprehensive 
network of energy supply companies (ESCOs) 

and incubators for clean energy companies. 

Transport 

 

Seek to develop a NAMA that 

increases the Energy Efficiency 
of the transport sector, 

including maritime transport 

and national air travel, and 

evaluate the options for 
available policies and actions 

aimed at reducing the impact 

of GHG emissions produced by 

this sector. 

Awareness - communication to change driving 

behaviour. 
Car park renovation through tax incentives for 

electric car imports 

Modernization of the state fleet of electric 

vehicles. 

Water  Production of desalinated water 

Production of water for consumption from solar, 

wind and wave energy. 

Promotion of solar systems for wastewater 
treatment 

Promotion of solar pumping in agriculture 

Fishery  Ice production and fish preservation using 

renewable energies 

Tourism  Operation in the hospitality sector (hotels, etc.) 

including air conditioning, water pumps for 

swimming pools, etc.  
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Based on the preliminary assessment of the meteorological variables presented 

here, both wind power and solar power would generally be highly effective in Cabo 
Verde, given the resource available. In fact, both have excellent potential, with 

wind power at the level of, say, Scotland and solar power at the level of, say, 
Arizona.16  

 
Specifically, while wind power would be more effective in the northern islands 

(Figure 6), even in the less windy Praia area where average wind speeds at 10 m 
height of about 7 m s-1 (Figure 2) would mean that a wind farm would be able to 

generate most of the time, as the wind speed would be well above the cut in speed 
of wind turbines (typically 3.5 m s-1; note also that wind speed at 80 m height is 

about 30% higher than wind speed at 10 m height).  
 

In terms of solar power, while its potential is excellent, two potential (and actual) 
issues with their operation need to be highlighted. Both of them stem from the 

(low) rainfall availability in Cabo Verde: a) high dust levels which reduce the 
efficiency of the photovoltaic panels or the reflector dishes (in the case of 
Concentrating Solar Power), and b) low water availability for cleaning the same 

solar devices. These issues could be mitigated for instance using water produced 
via desalination. However, the economic, environmental and political 

considerations of any solution would need to be considered appropriately. 
 

 

Additional work needed 
 
A number of areas were identified for work needed to support the 
adaptation/mitigation measures presented in the previous section. Specifically, 

(some of) these areas of work would fit well within Readiness type of actions, as 
part of the GCF project portfolio.  

• Approve and implement the Cabo Verde National DDR Plan; 
• Expand and improve the National Meteo Climatic Observation and air quality 

networks; 
• Develop risk and vulnerability maps, carry out a survey of all risk scenarios 

in the areas, natural disasters occur; 
• Improve the spatial resolutions of the weather, climate and sea forecasting 

models; 
• Training to support energy specialists to make appropriate use of 

meteorological information in their decision making; 
• Define criteria and rules for the dissemination of alerts from early warning 

systems; 
• Strengthen or establish inter and intra institutional relations, such as 

between the meteorological organization and energy companies, possibly 
with the assistance of the energy department and ECREEE; 

• Establishment of procedures and protocols for common actions between 
institutions and agencies; 

• Create a platform for sharing information and data for institutions and 

decision makers. 
 

  

 
16 Compare also the World Bank’s Global Wind Atlas, https://globalwindatlas.info, and the Global Solar Atlas, 
https://globalsolaratlas.info, respectively. 

https://globalwindatlas.info/
https://globalsolaratlas.info/
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Climate Science Basis: Agriculture in 
Cambodia – with a focus on drought risks 

for rice 
 

Lead authors: Christina Solana Tramunt and Hideki Kanamaru. 
Authors: Proyuth Ly, Farit Met, Sopheak Phan, Chanthoeun Meng, Phay 

Sophanna, Heng Oudom, and Leang Sovichea. 
 

 

Problem identification 

 
Climate context and climate change 

 
Cambodia’s geography consists of the central plains surrounded by mountainous 

and highland regions, and a coastline to the south. The Mekong River and its 
tributaries dominate the hydrology. The Tonle Sap Lake, an outlet of the Mekong 

during the rainy season, covers an area of up to 10,400 km2 in the northwest. 
Cambodia’s tropical monsoon climate is characterized by a rainy season and a dry 

season. The rainy season, which lasts from May to early October, accounts for 90% 
of annual precipitation. The dry season, from November to April, brings drier and 

cooler air from November to March, and then hotter air in April and early May. The 
incidence of extreme weather events such as droughts and floods varies 

geographically in the country. The central plains experience seasonal flooding that 
provides fish and soil nutrients. However, the frequency of severe floods has 
increased over the last decades. Severe floods occurred in 1991, 1996, 2000, 

2001, 2002 and 2011,cxli and are related to rainfall, not only in Cambodia but 
throughout the Mekong River Basin. While floods affect lowland areas, the 

geographical distribution of droughts is widespread. cxlii  Storms occur more 
frequently between August and November, with the highest frequency in October. 

 
Importance of agriculture 

 

Based on the 2011 Economic Review of Cambodia, agriculture, fisheries and 
forestry accounted for 32% of GDP. In terms of labour force, agriculture employs 

75% of the population. Cambodia’s agriculture is predominantly rain-fed and 
characterized by low input, and moderate or low fertility land, thus making it 

dependent on weather conditions and changing climate. Low yields, coupled with 
natural disasters, contribute to temporary food shortages. Based on food 

availability, food access and food absorption, seven of Cambodia’s 25 provinces 
(including Phnom Penh capital city) are classified as ‘severely’ to ‘extremely’ food 

insecure, and an additional seven ‘moderately’ insecure. Households engaged in 
agricultural activities have the highest incidence of poverty. Rice is the primary 

staple and provides approximately 70% of nutritional needs,cxliii and rice is by far 
the most important commodity for the country, accounting for a great majority of 

cultivated area (80% or more). Rice is produced both for domestic consumption 
and exports. Some 80% of rice production stems from local varieties cultivated 
during the rainy season. High yielding varieties are mainly planted during the dry 

season, and account for the remaining 20% of rice production. 
 

Rice, climate change and drought 
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Rice productivity is highly dependent on weather conditions. Based on data from 

the past 20 years, losses in rice production were mainly due to flooding (about 
62%) and drought (about 36%). An insignificant loss in production is attributable 

to pests and diseases (2%). The severe floods of 2000 reduced the harvested area 
to 1.9 million ha,cxliv and yields decreased from 2.10 t/ha in 2003 to 1.98 t/ha in 

2004 due to drought. The major rice growing areas of the Mekong-Tonle Sap basin 
are exposed to flooding every year but in recent years have often been exposed 

to extreme flooding. Extended periods of flooding in the Mekong River and Tonle 
Sap Lake have ruined many deep-water rice crops. The major pests of rice are gall 

midge, stem borer, brown plant hopper, green leafhopper, grasshopper, leaf 
folder, rice bug, case worm, armyworm and rats. The populations of some of these 

pests are likely to increase significantly under extreme climate conditions.cxlv In 
the following sections, a particular focus is given to drought risks for rice. 

 
In Cambodia, drought has been negatively affecting rice production, and is widely 

recognized as one of the most serious climate risks for agriculture. Major droughts 
affected rice production in 2002, 2003, 2004, 2016, and 2019 in different parts of 
the country, as much as 800,000ha. Drought in Cambodia is strongly correlated 

with El Niño, which will continue into the future, and may intensify. For example, 
during the 2015/2016 El Niño event, one of the worst droughts for Southeast Asia 

in decades, 2.4 million people across 18 provinces in Cambodia were impacted. 
According to the assessment of 2,400 households, 37% of the households reported 

water shortages; 18% of agricultural households experienced crop failures; 
household paddy and cassava production declined by 22%; animal morbidity and 

mortality rates were high especially for poultry; 62% of households reported 
income loss. Agricultural growth was very low during the drought-affected period. 

Drought in late 2019 is considered as worse than the same period during the 
2016/2016 El Niño. The Mekong River water level dropped to the lowest in history, 

and about 330,000 ha of rice were affected. During the same drought event, water 
shortage was reported for most of the provinces cultivating dry season rice, which 

is concentrated in the areas with better water availability, in Lower Mekong River 
basins and around the Tonle Sap Lake. Overall drought vulnerability assessment 

across the country indicates high spatial heterogeneity but a generally high 
vulnerability in the north and southwest, and lower vulnerability around Phnom 

Penh. Drought hotspots may be different year by year, and also change over time 
within a rainy season. 
 

 

Data and science identification and production 
 
Past climate trends and future projections in Cambodia are summarized with 

temperature and precipitation data. The findings presented below are based on 
EWEMBI (ERA-Interim data Merged and Bias-corrected for ISIMIP or bias-corrected 

climate reanalysis data) and station data for past observations, and CMIP5 and 
CMIP6 global climate model projections and CORDEX dynamically downscaled data 
for future projections. 
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Observations 

 
According to climate observations, total annual precipitation has been changing in 
Cambodia, either increasing or decreasing, depending on locations, with large 

interannual and intraseasonal variability. 
 

The frequency of droughts varies from province to province. At the Kampong Thom 
province, for example, a vulnerable province to drought, where rice is produced, 

observed precipitation time-series allow the calculation of the three-month SPEI 
(standardized precipitation evapotranspiration index). SPEI shows periods of 

severe droughts that occur periodically in the province (Figure 1). One advantage 
of using SPEI is that it takes into account both precipitation and potential 

evapotranspiration, so it gives an idea of the effect of increased temperature on 
water demand.   
 

 

 

 

 

Figure 1: 3 months SPEI for Kampong Thom weather station (computed by 

Climpact). 
 

 
In Cambodia the rainy season has been getting shorter while the dry season has 

been getting longer in the past three decades, showing a strong dependence to El 
Niño on drought. 
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Figure 2: Rainy season length as defined by precipitation amount and timing.cxlvi 
 

 
On the other hand, the number of rainy days within the rainy season has been 

decreasing. On those less frequent rainy days within the shorter rainy season, the 
amount of rainfall per rainy day is increasing on average. In other words, rainfall 

is occurring less often but with more intensity.cxlvii Climpact indices on precipitation 
intensity or duration such as rx3day or rx5day would further support this inference.  

 
Annual mean temperature has been increasing, and the trend is accompanied by 

an increase in the number of very hot days. This suggests increasing 
evapotranspiration, and higher water stress for crops.  
 

 

Figure 3: Number of days with hot daily maximum temperature within rainy 
season.cxlviii 
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Future climate projections 

 

According to climate projections (CMIP5 and downscaled CORDEX), annual 
precipitation will likely increase in the future up to 10 to 20% by the end of the 

century. 
 

 

 

Figure 4: Total annual precipitation changes in 2071-2100 with respect to 1981-
2000 under RCP 8.5 from CORDEX data.cxlix 

 
 

Although the ensemble mean of climate models suggest an increasing trend of 
precipitation, there are large variations in model projections and there is also a 

possibility of a decrease in precipitation. 
 
 

 

Figure 5: Ensemble spread of CMIP5 models for Phnom Penh presented in 
boxplots. The ensemble mean is 6.3 % in 2071-2100.cl 

 
 

In terms of seasonality, it is very likely that the dry season will be drier and the 
rainy season will get wetter, resulting in more accentuated seasonal rainfall, 
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although considering the large error bands it seems difficult to inference about 

changes in the seasonality of rainfall. 
 

 

 

Figure 6: Relative changes in the mean monthly precipitation with ensemble 
spread of CMIP5 models for Phnom Penh in 2071-2100 with respect to 1971-

2000.cli 
 

 
Despite the large uncertainties in rainfall projections, the observed trend of 

decreasing length of the rainy season seems to continue  as CMIP6 models indicate 
that it is very likely that the rainy season will be shorter at the end of the century 

compared to 1981-2010. clii  Another study suggests that by 2050 agricultural 
regions with short growing period lengths (LGP) of 2-3 months will increase (from 

22% in 2015, 38% in 2025 till 60% in 2050). 
 

The average temperature continues to increase in the future according to CMIP6 
model projections Daily minimum temperatures will increase slightly more than 

daily maximum temperatures. The number of tropical nights (days where TN > 
20C) will increase. The temperature changes lead to more evapotranspiration, and 

notably the dry season will be even drier, as indicated by estimated changes in 
aridity (ratio between evapotranspiration and precipitation) and soil moisture.  

 
These changes together suggest that droughts may become more intense and 

more often, in rice producing areas, which mean more water stress for crops. 
 
 

Adaptation/mitigation measures 
 
Based on the observed climate trends and simulated projections, a number of 

adaptation measures can be recommended, and they are categorized into a few 
thematic groups.  

 
First of all, there is still insufficient data and information about the vulnerability of 

rice production to agricultural drought. The geographical areas with higher water 
stress and reduced rainy season length need to be identified. The biophysical 

assessment should be combined with socioeconomic data to identify the most 
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vulnerable group of people and areas. The country needs to strengthen its capacity 

in developing and implementing long-term research on climate and agriculture 
assessment, adaptation and mitigation technologies, in order to periodically revise 

its climate and agriculture strategies, based on the latest science and feedback 
from ongoing projects and programmes. 

 
Most farmers do not use weather and climate forecasts and agrometeorological 

advisories (early warnings) regularly. Timely farming advice based on farm 
condition monitoring, daily weather forecast, and seasonal climate forecast would 

significantly enhance decisions on the farm - e.g. planting and harvest timing, 
irrigation, fertilizer, management of pests and diseases. 

 
Meteorological forecasts need to be downscaled to locally relevant spatial 

resolution. All the information should be communicated in easy-to-understand 
language for farmers. The climate and agrometeorological information services 

need to be institutionalized as part of the essential government functions. 
 
Early warning information services need to be accompanied by technical and 

infrastructural solutions. Drought resilient rice varieties may be promoted to 
farmers to increase productivity while drought conditions are expected to be 

exacerbated. Increased water use efficiency with the System of Rice Intensification 
(SRI) would also reduce greenhouse gas emissions. In terms of water supply, 

irrigation systems at medium and small scales need to be strengthened. In order 
to prevent crop loss and ensure the quality of crops, post-harvesting and storage 

systems should be improved. Although this document focuses on drought, other 
climate risks such as floods, strong winds and intense rainfall cannot be ignored, 

and crop protection measures against those risks are also necessary. As 
diversification of livelihoods to increase resilience to climate change, aquaculture 

can be improved and enhanced in addition to crop and livestock. Farmers may also 
obtain income from additional activities such as the use of manure and biomass 

waste (e.g. biomass energy from rice mills, composting). These measures are in 
line with the government's plan to invest in agricultural intensification and 

diversification to stimulate economic growth, create employment and enhance 
rural incomes. 

 
Lastly, economic and structural solutions will be necessary to support on-farm 
adaptation measures. National cropping patterns will need to be revised according 

to differentiated climate risks across the country. The agriculture sector as a whole 
needs to be diversified at commercial levels, in addition to household-level 

diversification as suggested above. More studies and policy development would 
promote crop insurance mechanisms that protect farmers against occasional poor 

harvest that are unavoidable despite climate adaptation measures. The healthy 
ecosystem supports sustainable agriculture production, but it is being threatened 

by deforestation and land degradation. Measures such as ecosystem restoration 
and soil conservation would contribute to carbon sequestration as well as enhanced 

resilience of the agriculture sector as a whole. 
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Climate Science Basis: Forestry in Cambodia 
 

Lead author: Mario Peiró Espí.  
Authors: Ear Chong, So Than, Nida Yutha, and Ratha Kea. 

 
 

Problem identification 
 

National circumstances 

 

Located in the South East Asia region, Cambodia occupies a total area of 181,035 
km2 and shares borders with Thailand, Lao PDR and Vietnam. The country’s 

topography broadly consists of the central plains surrounded by mountainous and 
highland regions, and a 435 km coastline to the south (Figure 1). Phnom Penh, 

the capital city, is located in south-central Cambodia, at the confluence of the 
Mekong, Tonle Sap and Bassac Rivers. The Mekong River and its tributaries 

dominate the hydrology. Cambodia’s tropical monsoon climate is characterized by 
a rainy season and a dry season. The rainy season, which lasts from May to early 

October, accounts for 90% of annual precipitation. The dry season, from November 
to April, brings drier and cooler air from November to March, and then hotter air 

in April and early May. The maximum mean temperature is about 28°C and the 
minimum mean temperature about 22°C. Maximum temperatures are common 
before the start of the rainy season and may rise to more than 38oC. The average 

annual rainfall from 1994 to 2004 varied between 1,400 mm and 1,970 mm.cliii 
 

 
 
Figure 1: Map of Cambodia showing elevation and surrounding environment.cliv 

 
 

The geographical incidence of extreme weather events such as droughts and floods 
vary, and while floods affect lowlands areas, the geographical distribution of 

droughts is widespread. Storms occur more frequently between August and 
November, with the highest frequency in October. The country is rarely exposed 
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to the full force of tropical cyclones and typhoons as it is surrounded by mountain 

chains, which dissipate a typhoon’s force. 
 

In 2017, agriculture contributed 25.0% of the gross domestic product, industry 
contributed 32.7%, and services contributed 42.3%. The main subsectors in 

industry are garment production, construction, and food and beverage 
processing.clv 

 
Cambodia’s agriculture is predominantly rain-fed and characterized by low input, 

and moderate or low fertility land, thus making it dependent on weather conditions 
and changing climate. Rice is Cambodia’s primary staple food and provides 

approximately 70% of nutritional needs. Rice crops occupied 83% of the 3.22Mha 
of harvested area. Four other food crops, namely corn, cassava, soybean and 

mung bean, occupy approximately 13%.clvi 
 

Forestry 

 
Forests play a significant role in traditional rural livelihoods, providing construction 

wood, fuelwood, food and medicine, as well as ensuring ecosystem functions such 
as watersheds, storm and coastline protection. As a complement to farming and 
fishing, forest foraging constitutes a safety net for rural people. Without any 

commercially viable alternative firewood remains the main source of energy for 
cooking for 91% of rural people.clvii 

 
Some 25% of Cambodia’s forests lie within a system of 23 protected areas. The 

3.2 million ha of protected areas, including national parks, wildlife sanctuaries, 
protected landscapes, and multiple use areas, was established to conserve the 

country’s biodiversity. Cambodia’s protected areas have been under pressure from 
logging, forest conversion, illegal wildlife trade and mining (Figure 2). This led to 

a decline in the forest sector’s contribution to GDP from 5.4% in 1998 to 1.9% in 
2006.clviii Also, the system suffers from a lack of financial and technical resources, 

and inadequate law enforcement. The loss of dry land forest is mainly due to 
agricultural expansion, illegal logging and over-exploitation. Cambodia has set up 

a Cambodian forest carbon credit system through the implementation of a number 
of feasibility studies in protected areas and community forestry. 

 
Currently, nearly four million people live within five kilometers of a forest, with 

forest resources accounting for an average of 10 to 20% of household 
consumption. The vast majority of rural households about 84% – rely on fuel wood 
and charcoal. Traditionally, forest resources – in particular, non-timber forest 

products – have provided important safety nets for rural people in times of crisis. 
 

Deforestation and climate impacts 

 
Drivers of deforestation and forest degradation are unique to Cambodia’s national 

circumstances, capacities and capabilities. Deforestation and forest degradation in 
Cambodia is mainly driven by the following causes: 

• Uncertain land tenure, land speculation, unauthorized encroachment of 
forest lands; 

• Rapid expansion of agriculture into forest lands, grant of large scale agro-
industrial economic land concessions, and distribution of land titles under 

social land concessions between 1996-2012; 



 

 176 

• Under emission scenarios SRESB1 and SRESA2 up to 2050 most lowland 

forest will be exposed to a longer dry period, particularly forest areas located 
in the northeast and southwest. More than four million ha of lowland forest, 

which currently has a water deficit period of between 4-6 months, will 
become exposed to a greater water deficit period of between 6-8 months or 

more; 
• Unauthorized logging and unsustainable harvesting of forest and non-timber 

products; 
• Weak forest governance, law enforcement, and monitoring of forest and 

land use Sector and inadequate government capacity to manage forests; 
• Increasing regional and global demand for raw materials such as rubber and 

sugar; 
• Population increase and demand for agricultural land and housing; 

• Rural poverty and lack of alternative livelihoods. 
 

Other drivers include migration into forest areas, weak implementation of land 
laws, inadequate implementation of environmental and social impact assessment 
regulations, and a lack of state land registration and forest estate demarcation. 

 

 

 
Figure 2: Green Cover Fraction for Cambodia for the period 2013-2020.clix 

 
 

Assessments in Cambodia indicate that from 2006 to 2010, annual GHG emissions 
from deforestation account for 34.15 MtCO2, while from 2010 to 2014 they account 
for 151.27 MtCO2, a four-fold increase. Cambodia’s remaining forested area serves 

as a carbon sink.  
 

Cambodia’s forest removed GHG accounts for an annual average of -6.63 MtCO2 
from 2006 to 2010 and -20.30 MtCO2 from 2010 to 2014. Therefore, the total GHG 

sources resulting from deforestation and removal by sink is 158.50 MtCO2. This is 
an annual average of 79.24 tCO2 (Table 1). 
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Table 1 – Emissions and removals from forestry sector 2006-

2014clx 

Period tCO2 per year 2006-2010 2010-2014 
Annual CO2 removals -6,626,046 -20,298,825 

 

Average annual CO2 removals -13,462,436. 

Annual CO2 emissions 34,148,629 151,267,528 

Average annual CO2 emissions 92,708,079 

Net total annual CO2 emissions and 

removals 

27,522,583 130,968,703 

Average net total annual CO2 

emissions and removals 
79,245,643 

 

 

Data and science identification and production 
 

According to the Cambodia’s Second National Communication, the loss of dry land 
forest is mainly due to agricultural expansion, illegal logging and over-

exploitation.clxi Forest fires have not historically been a serious threat to forest 
cover, however there are indications that they may become so in the near future, 

particularly in the event of an extended dry season (Figure 3) as a result of climate 
change. Increased frequency (Figure 4) of longer dry spells is observed for 

Cambodian territory. In addition, temperature is likely expected to rise, as it is 
observable in recent trends (Figure 5 and 6) and despite large uncertainties, it is 

expected to likely increase the risk of forest fires, especially in the driest months 
from March to April. 

 

 
 

Figure 3: Longest dry spell (annual mean), Model: South Asia (Non bias-
adjusted), Scenario: RCP 8.5, Time period: 2071–2100 compared to 1971 – 

2000.clxii 
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Figure 4: Number of dry spells (annual mean), Model: South Asia (Non bias-
adjusted), Scenario: RCP 8.5, Time period: 2071–2100 compared to 1971 – 

2000.clxiii 
 

 
 

 

 

Figure 5: Max temperature trends from Koh Kong station: annual mean daily 
maximum temperature.clxiv 
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Figure 6: Max temperature trends from Koh Kong station: monthly mean daily 
maximum temperature.clxv 

 
 

A set of climate variables were used in order to better understand future impacts 
on the forestry sector that will be additional to the current socioeconomic activities 
that pressure forest conservation. Regarding the deforestation rate, Copernicus 

satellite data was used to visualize deforestation processes during the period 2013-
2020 (as shown in Figure 1). According to national experts, data on forestry 

degradation is scarce, and for that reason the assessment on forestry CO2 uptake 
performance contains uncertainties. Socioeconomic activity information, 

deforestation rates, reforestation efforts, governance frameworks and emission-
reduction potential were obtained from national reports, including: Cambodia’s 

NDC; Second National Communication; National REDD+ Strategy; National Forest 
Programme Annual Report; Cambodia Forest Cover (2018); the Climate Change 

Strategy Plan; and information contained in the preparation phase of the First 
Biennial Update Report. The climate variables used for the impact assessment 

were: temperature (annual mean); soil moisture (mean change and change in 
number of days below annual mean); and precipitation (annual mean change, 

change in number of dry spells above mean, and changes in monthly mean).  This 
information has been generated from the www.climateinformation.org for the 

period 2071-2100 under the scenarios RCP 4.5 and RCP 8.5. To understand the 
climate variability and historical trends, data provided by the National 

Meteorological Service of Cambodia for eight stations were processed using the 
software Climpact. 
 

 

Adaptation/mitigation measures 
 
Despite its deforestation rate, Cambodia has high potential to reduce emissions 

from deforestation and forest degradation and enhance forest carbon stocks. 

file:///C:/Users/Igallo/AppData/Local/Temp/www.climateinformation.org
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Assessments based on the 2014 forest cover map indicate that a total of 2.41 Gt 

of CO2 are stored in the country’s forests, down from the 2.93 Gt of CO2 in 2006. 
 

The largest areas of very high carbon density are found in the wet evergreen 
forests of the Cardamom Mountains Rainforest Eco region in the southwest of the 

country. The highest carbon density class that holds 20% of the country’s carbon 
covers 12% of the country’s land area; approximately 40% of Cambodia’s carbon 

stock is held in less than 23% of its area.  
 

Deforestation and forest degradation accounts for around 17% of global GHG 
emissions. In Cambodia, however, loss of forest cover and associated land use 

change are the main factors for the country becoming a net emitter of GHGs. 
According to the MoE’s GHG inventory, while Cambodia emitted a total of 47,000 

Gg of GHG for the year 2000, its forest cover helped absorb more than half that 
amount, 24,500 Gg, making forest the most important sink of GHGs. Degradation 

of forest and loss of cover means the potential for absorbing GHGs will also be 
compromised. 
 

A number of cross-cutting measures are identified as potential actions to revert 
deforestation trends. The measures listed below would have an impact on the 

forestry sector adaptation to climate change impacts, as well as an impact on the 
performance of such sectors as a GHG sink. 

 
Improvements on management and monitoring of forest resources and 

forest land use would strengthen conservation of forest areas (protected areas, 
mangrove conservation areas). Specifically, strengthening the regulatory 

framework and law enforcement could result in a reduction of unauthorized logging 
and forest resources exploitation. The harmonization of legal frameworks may 

enhance the management and monitoring capabilities of authorities to ensure 
environmental regulatory compliance. 

 
Mainstreaming policies and measures to reduce deforestation in relevant 

government ministries and agencies, while strengthening the national and sub 
national capacity for improved coordination mechanisms for land use policy and 

planning, would maximize the effectiveness to reduce deforestation and articulate 
strategic conservation goals into local action. In a complementary and coordinated 
manner it is essential to strengthen the capacity, knowledge and awareness of 

stakeholders to enhance their contribution to reducing deforestation and forest 
degradation, while strengthening the capacity of academic and research 

institutions in training, research and technology development associated with 
forestry and land use. 

 
Fostering implementation of sustainable forest management through the 

promotion and scale up of community-based forest management, engaging and 
encouraging the private sector to implement alternative and sustainable supply 

chains from agro-industrial plantations, and to reduce emissions through a variety 
of activities (expand afforestation, reforestation and restoration activities; enhance 

timber supply and wood-based energy sourced from community-based forest 
management areas and private plantations to reduce pressure on forest areas; 

promote effective, equitable, sustainable management and use of forests, forest 
lands and non-timber forest products; identify and implement alternative and 

sustainable livelihood development programs for local communities most 
dependent on forest resources) while promoting sustainable forest ecosystem 
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services that provide sustain to local communities livelihoods and increase 

resilience to a variety of climate change impacts. 
 

Enhancement of atmospheric observational capabilities. The promotion of 
atmospheric observations and analysis for a better understanding of CO2 fluxes, 

with timely emission monitoring and spatial resolution,  would support activities 
related with reforestation/afforestation by providing best available information for 

better informed actions and assessment of project and policy results, while also 
monitoring CO2 uptake performance in protected areas or forest vulnerable to 

degradation (Figure 7). The Integrated Global Greenhouse Gas Information 
System  (https://ig3is.wmo.int) is a novel approach spearheaded by international 

scientists and coordinated by the WMO Secretariat that has demonstrated the 
value of atmospheric information to: a) maximize the efficiency of initiatives aimed 

to reduce forestry GHG emissions; b) identify emission hotspots; and c) monitor 
the carbon fluxes from anthropogenic and biogenic sources, therefore supporting 

with evidence a sustainable management that fosters carbon uptake. 
 

 

Figure 7: Logical Framework for the implementation of proposed measures, 
showcasing how atmospheric observations support decision making processes and 

guide actions for efficient and quantifiable emissions reduction. 
 

 
Identification of co-benefits and cross-sectoral adaptation potential. Conservation 

and protection of forests will not only enhance the resilience of livelihoods towards 
the climate impacts expected to happen progressively during the century, but also 

will mitigate the impacts of climate hazards in other sectors such as agriculture or 
water. Much of Cambodia’s terrestrial carbon stock occurs in areas that have the 

potential to generate co-benefits and are also important for biodiversity 
conservation. Many of these areas also have some form of protection status. 
Actions to secure more of these areas and their stored carbon, as well as to 

improve management, are likely to achieve substantial biodiversity related co-

https://ig3is.wmo.int/
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benefits. Cambodia is a country with high potential to reduce GHG emissions from 

deforestation and forest degradation and expand the area that can absorb carbon. 
Protecting forests, and thereby watersheds and land, will contribute to the 

enhancement of sustainable ecosystem services, water resources management, 
sustainable land use and agriculture, reduce coastal erosion, and lead to human 

health improvements. 
 

 

Additional work needed 
 
The implications of the forestry sector as an adaptation variable/tool for other 
sectors could be explored further in Cambodia. Cross-sectoral actions have to be 

planned for enhancing multi-sectoral resilience to climate change impacts. As 
many of the deforestation drivers are socio-economic in origin (Figure 8), these 
deforestation drivers might maximize its pressure on the woodlands in response 

to climate change impacts.  
 

The improvement of observational and monitoring capabilities of the forestry GHG 
budget can lead to a more cost-efficient management, and to the identification of 

mitigation measures in specific locations. Given the importance of forestry as a 
GHG sink expressed in the country’s NDC, such improvements would directly 

resonate on the country reporting mechanisms to the UNFCCC. In addition, the 
carbon credit market transparency would be promoted and new economic models 

for a sustainable forest management would open for the country to explore. 
 

 

Figure 8: Rate of forest cover change from 1965-2016.clxvi 
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Introduction 
 
In Cambodia, health systems often struggle to manage existing health risks, and 

capacity to adapt to additional climate change-related health risks is limited. 
National health systems and institutions need to be able to prepare for climate 

change impacts on health in vulnerable population groups.  
 

Here, we will focus on the potential health effects of temperature increase, with 
emphasis on quantifiable impacts on mortality, diarrhoea and vector borne 

diseases.  Historical upward trends in temperatures above 90th percentile (1980 to 
2010) are found at several locations in Cambodia. Annual mean and maximum 

temperatures are projected to increase on average by 2°C by 2041-2070 and 4°C 
by 2071 to 2100.  
 

The patterns are geographically uniform in the original CMIP5 data for Cambodia, 
the magnitude increasing uniformly in the 2041-2070 period relative to the earlier 

2011-2040 period. 
 

Climate change is expected to increase mean annual temperature and the intensity 
and frequency of heat waves resulting in a greater number of people at risk of 

heat-related medical conditions. Projections for communicable diseases, including 
diarrhoea, malaria and dengue, are less certain due to model limitations.  

 
Socioeconomic development and health interventions are driving down burdens of 

several infectious diseases, and projections assume that this will continue. 
However, climatic conditions are projected to become significantly more adverse 

for several health outcomes, which will slow progress in reducing burdens and 
increase the populations at risk if control measures are not maintained or 

strengthened. 
 

Forecasts of baseline health risks can be combined with population-weighted 
estimates of the change in relative risks of temperature-related mortality, 
diarrhoeal illness and vector borne disease, to produce estimates of the number of 

additional deaths and/or YLL attributable to climate change. 
 

Many of the adaptation options for addressing the health impacts of climate change 
are ‘no regrets’ measures, given the lack of universal health coverage in the region. 

However, there are limits to the ability of health systems and societies to adapt to 
climate change. The effectiveness of adaptation options will also depend upon the 

degree of climate change mitigation that is achieved. Therefore, the resilience of 
health systems also depends upon global climate change mitigation. 

 
We recommend climate change mitigation in housing, transport, agriculture, 

industrial and energy sectors. Increase the ability of communities to withstand 
high ambient temperatures and maintain sufficient cooling indoors without 
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increasing the use of fossil energy. Passive cooling design of buildings, for example 

by ventilation and insulation, as well as active cooling using renewable energy 
sources. Promote policies with potential health co-benefits and quantify these by 

modelling and direct observation: 
• Public mass transportation systems that encourage active travel, reduced 

reliance of transport on fossil fuels and consequent reductions in air 
pollution; 

• Minimize emissions of GHGs from agriculture, industry and energy sectors 
by rapid transition to plant-based diets and renewable sources of energy. 

 
 

Problem identification 
 
Climate change affects human health via three main causal pathways: 

• Direct physical impacts of extreme events, including: 

o Heatwave, fire, flood, cyclone (deaths and injuries); 
• Indirect ecosystem pathways, including: 

o Adverse climate trends for agriculture (crop failure, malnutrition, 
child mortality); 

o Altered (often increasing) climate suitability for communicable 
disease transmission, via temperature increase and extremes of 

precipitation (diarrhoea, malaria, dengue); 
• Indirect socioeconomic pathways, including: 

o Insecurity of basic needs (food, water, shelter, conflict, migration): 
diverse mechanisms and health impacts (NCDs, mental health). 

 
Here, we will focus on the effects of temperature increase, with emphasis on 

quantifiable impacts on mortality, diarrhoea and vector borne diseases. 
 

How are the sectoral impacts described in national policies, plans or 
projects?17 clxvii 

 
The Intergovernmental Panel on Climate Change (IPCC) 5th Assessment Report 

concluded that, in Asia, heat waves will increase morbidity and mortality in 
vulnerable groups in urban areas; transmission of infectious disease will be 

affected due to changes in temperature and rainfall and nutritional status will be 
at risk from crop losses. Further, it noted that population groups most at risk from 

climate extremes are those living in low-lying coastal zones and flood plains; such 
areas are home to 50% of Asia’s urban population.  
 

A wide range of health outcomes are associated with weather and climate 
variability. The three areas of highest priority in Cambodia are the health impacts 

of extreme events, water-borne and food-borne infections, and vector-borne 
disease (malaria and dengue).  

 
Increasing frequency of hot days may have direct impacts on the health of the 

mostly outdoor workforce population and also negatively affect productivity. 
Increased temperatures and altered precipitation (more variable rainfall increasing 

both flooding and drought risk) may increase the risk of diarrhoeal disease.  
 

 
17 This section is excerpted and lightly edited from WHO/UNDP, 2018. 
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Early warning and improved access to services will reduce impacts of flooding on 

the health of communities, and modified activities may be needed to reduce 
impacts of heat on worker health and productivity. An increase in water storage in 

response to more variable rainfall will require implementation of vector-control 
measures. 

 
Water-borne diseases in Cambodia include rotavirus, Escherichia coli, Shigella, 

cholera and typhoid. Incidence of waterborne disease is 47/1,000, with 41% 
children below the age of four. Many rural households do not have adequate 

latrines or waste disposal that may affect water quality of surface and ground 
water during heavy rain. Drought also is associated with water-borne diseases as 

a result of the shortage of water and poor sanitation practices. Infection may 
manifest as acute diarrhoeal disease or as chronic gastrointestinal infection 

contributing to malnutrition. Improved sanitation and water supplies are needed 
to reduce this climate change impact. 

 
Vector-borne disease transmission may increase due to a combination of higher 
temperatures, changing precipitation, increasing urbanization and migration. 

Improvements in surveillance, access to effective treatment, healthcare worker 
skills, and vector management are required.  

 
Through impacts on food security, adequate safe water, vector-borne disease 

transmission and productivity of major industry, loss of livelihoods and migration, 
climate change makes poverty reduction more difficult and further threatens 

growing inequality.   
 

In Cambodia, health systems often struggle to manage existing health risks, and 
capacity to adapt to additional climate change-related health risks is limited. 

National health systems and institutions need to be able to prepare for climate 
change impacts on health in vulnerable population groups. Many of the adaptation 

options for addressing the health impacts of climate change are ‘no regrets’ 
measures, given the lack of universal health coverage in the region. However, 

there are limits to the ability of health systems and societies to adapt to climate 
change. The effectiveness of adaptation options will also depend upon the degree 

of climate change mitigation that is achieved. Therefore, the resilience of health 
systems also depends upon global climate change mitigation. 
 

Cambodia’s National Strategic Development Plan 2014-2018 calls for sustainable 
development within the health sector and prioritizes reduction of health risks 

caused by environmental pollution and climate change. The National Adaptation 
Programme of Action to Climate Change 2006 identifies high-priority adaptation 

projects. In the health sector these are: the production of bio-pesticides; 
development of healthcare centres and posts; provision of safe water in high-risk 

malaria regions; and malaria education and mosquito habitat clearance 
campaigns.  

 
In the Climate Change Strategic Plan for Public Health 2012 and the National 

Climate Change Action Plan for Public Health 2014-2018, Cambodia has prioritized 
investments in infrastructure, institutional capacity and emergency preparedness 

to adapt to the increasing threats of vector- and waterborne diseases and the 
health impacts of extreme weather events, particularly floods and droughts.  
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The Cambodia Climate Change Strategic Plan for Public Health (CCSPPH) in 2014-

2023 aims to increase climate resilience to facilitate better health and well-being 
of all Cambodians, especially the poor, women, and children, as well as 

contributing to poverty alleviation. 
 

A five-year Action Plan (2014-2019) was also developed for climate change and 
health, along with 11 costed ‘Action Fiches’ that cover a range of topics including: 

capacity building to address climate-related health outcomes; scaling up the 
surveillance of climate-sensitive diseases; developing and implementing data 

management systems; strengthening emergency preparedness; and promoting 
public education and awareness campaigns for vulnerable populations. 

 
National & Provincial Vulnerability and Adaptation Assessments were carried out 

as part of a project on ‘Regional Capacity Development for Strengthening 
Resilience to Climate Change in the Health Sector in the Greater Mekong Sub-

region,’ funded by the Nordic Development Fund and administered by the Asian 
Development Bank (ADB).clxviii 
 

The project followed the WHO guidance document on conducting vulnerability and 
adaptation assessment comprising of six steps, namely: 1) frame and scope the 

assessment; 2) describe current risks, vulnerabilities, and capacities; 3) project 
future health risks; 4) identify adaptation options to manage the additional health 

risks associated with a changing climate; 5) develop a climate change and health 
adaptation plan; and 6) establish an iterative process for managing and monitoring 

health risks. The main focus is on the first four steps but will also support the 
development of a Health-National Adaptation Plan (HNAP) (2019-2023), as well as 

contribute to strengthening these policies by focusing on key vulnerable 
populations and geographical areas. The HNAP is currently (January 2020) near to 

completion. 
 

Adaptation options were identified and finalized through a formal consultation with 
the Technical Working Group on Climate Change and Health. The V&A assessment 

team, in collaboration with national counterparts, identified potential adaptation 
options related to high priority climate change-related health outcomes. The six 

criteria used to score the adaptation options were based on the WHO V&A guidance 
document clxix  and include: technical feasibility; effectiveness; environmental 
acceptability; financial feasibility; and social acceptability. 

 
A 2019-2022 project funded by GEF intends to increase the adaptive capacity of 

national health systems and institutions, and sub-national level actors, to respond 
to and manage long-term climate-sensitive health risks. 

 
Interventions include capacity building for staff involved in the implementation of 

the H-NAP (at the national and sub-national levels); ‘climate-proofing’ of existing 
health infrastructures, particularly those that are located in remote or vulnerable 

communities; enhancing coordination at the institutional level to ensure that the 
health sector maximizes synergies and promotes health co-benefits across health-

determining sectors such as disaster risk management, energy, agriculture, 
housing, and water. Currently, emergency preparedness and response plans for 

public health and disaster management do not include consideration of climate 
change. Effective responses include substantial improvements to the resilience of 

health systems. 
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Data and science identification and production 

 
Instrumental observations of temperature and precipitation are available in 
Cambodia for the analysis of recent past and present changes in climate. However, 

the length of record is short in most cases. Therefore, ERA5 reanalysis temperature 
estimations have been used here to assess temperature changes in recent 

decades. In general, upward trends in percentage of days when maximum 
temperature is above the 90th percentile (1980 to 2010) are observed for several 

locations in Cambodia. 
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When looking at trends in temperatures above specific thresholds for health, it is 

found that non-significant upward trends in temperatures above 29°C (1980 to 
2010) are observed in most locations of Cambodia. 
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Annual mean and maximum temperatures are projected to increase by 2°C on 
average by 2041-2070 and 4°C on average by 2071 to 2100. 
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The patterns are geographically uniform in the original CMIP5 data for Cambodia, 

the magnitude increasing uniformly in the 2041-2070 period relative to the earlier 
2011-2040 period. 

 
 

 

Figure 1: CMIP5 simulated ensemble mean change by 2011-2040 (left) and 2041-

2070 (right) in annual mean maximum temperatures (RCP 8.5). 
 

 
The same is true of the changes in maximum and average temperatures in the 

CORDEX data, though changes in tropical nights are simulated to increase more 
towards the southwest and east/northeast. 

 

 

CORDEX simulated ensemble mean change by 2041-2070 (RCP 8.5) in annual 

mean maximum temperature (left), mean temperature (middle) and tropical 
nights (right). 
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Heat related mortality

 

As shown above, climate change is expected to increase mean annual temperature 
and the intensity and frequency of heat waves resulting in a greater number of 

people at risk of heat-related medical conditions. The elderly, children, the 
chronically ill, the socially isolated and at-risk occupational groups are particularly 

vulnerable to heat-related conditions.  
 

We are not aware of any sources of daily health outcome data (e.g. mortality, 
hospital admissions) that could inform empirical studies of short-term relationships 

between temperature extremes and health in Cambodia. This is a major knowledge 
gap that should be filled, if necessary, by establishing sentinel sites for daily 

mortality and/or morbidity. 
 

In most countries studied, the temperature–mortality relation is a V-shaped curve, 
with increased mortality above and below an optimum temperature (OT). We 

generalize empirically derived OTs and dose-response curves above OT for two 
locations in Vietnam from a recent study.clxx Given that these projections apply to 

only two cities (Hue and Ho Chi Minh), and the dose-response curves for these 
cities were substantially different, the result must be interpreted with caution. 
 

 

 

Based on the dose-response curve for Hue, there were no substantial changes in 

heat-related mortality for Cambodia by 2030. There were slight decreases (of the 
order of 1-2%) in parts of western Cambodia. 
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Based on the dose-response curve for Ho Chi Minh, there were no substantial 

changes in mortality for most regions by 2030. There were slight decreases (of the 
order of 1-3%) in parts of western Cambodia and slight increases (of the order of 

1%) in parts of northern Cambodia. 
 

Vector borne diseases

 
The mean relative vectoral capacity for dengue fever transmission is projected to 

increase from about 0.82 to about 0.91 towards 2070 under both a high and low 
emissions scenario. Shapiro et al. clxxi(2017) reported a mechanistic model of how 

temperature affects mosquito and parasite development across a range of 
temperatures relevant to malaria transmission. The study used laboratory data on 

a single vector species and one malaria species (An. stephensi and P. falciparum). 
A key factor in the model is the extrinsic incubation period (the time required for 

parasites to become infectious). The authors measured adult mosquito mortality 
rate, the duration of the extrinsic incubation period, the maximum prevalence of 

infectious mosquitoes and the biting rate in relation to temperature. The figure 
shows the projected change in temperature suitability for malaria transmission 

(relative vectorial capacity, rVC) for 90% prevalence of infectious mosquitoes. 
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There is little projected change in temperature suitability for malaria transmission 
in Cambodia (3% reduction to 5% increase). 

 
Mordecai et al.clxxii reported a mechanistic model of the temperature-dependence 

of dengue transmission DENV, fitted from experimental trait data and validated 
against independent human case data. The effects of temperature variation on 

transmission were estimated as average R0 assuming a daily temperature range 
of 8°C, across the range of mean temperatures, for two vector species. 

 

 

 

For A. aegypti, the predominant vector in the region, in Cambodia, there was little 
change in temperature suitability for dengue transmission in most areas (5% 
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reduction to 2% increase). There were some areas of increased suitability in the 

eastern border with Vietnam and in west of the country, (2-62% increase). 
 

Diarrhoeal illness 

 

A linear exposure-response function was derived from the (limited) published 
literature to quantify the association between temperature and diarrheal disease. 

Estimates were restricted to mortality in the under 15 age group. Due to the large 
uncertainty in the underlying dose-response function, temperature-attributable 

mortality was also estimated for exposures-response function upper and lower 
ranges. Accordingly, for this simple model, we obtain attributable risk proportion 

by multiplying natural log 1.03, 1.07, and 1.11 by the monthly temperature 
anomaly for each grid cell. 

 

 

 

The pattern of the results reflects changes in average temperature, which 
are greater in the north of the country. Increases of the order of 12-15% 
are forecast, based on a mid-range sensitivity of 7%. All of the above results 

can be weighted by population in each grid cell and by the baseline disease 
incidence (e.g., by province, where available) to obtain attributable risks as 
numbers of cases per 100,000 population per year, assuming other factors 

are unchanged. Results can be generated for 2030s and 2050s, under 
emissions RCP 4.5 and RCP 8.5, for selected GCM projections. 
 

The results are not yet available (March 2020). Initial findings suggest that 
the long-term impacts of temperature increase are likely to be substantial 
in Cambodia. 

 
How other drivers of the outcome could change over the coming 

decades 
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Socioeconomic development and health interventions are driving down 

burdens of several infectious diseases, and projections assume that this will 
continue. However, climatic conditions are projected to become significantly 
more adverse for several health outcomes, which will slow progress in 

reducing burdens and increase the populations at risk if control measures 
are not maintained or strengthened. 
 

Forecasts of future health burdens from ~250 causes have recently been 
published for future decades, to the year 2040.clxxiii  The study did not 
consider the potential impacts of climate change, but is a sophisticated 

analysis based on knowledge of relationships between health outcomes and 
other major risk factors, as well as likely trends in exposure. Researchers 
used risk estimates and exposure forecasts from the Global Burden of study 

to produce annual forecasts of years of life lost (YLL) for selected diseases, 
by risk factor, age, and sex (2016 to 2040). In general, in the region, the 
burden of disease from non-communicable diseases (NCDs) is forecast to 

increase, while that from communicable diseases is forecast to decrease. In 
Cambodia about 40% of the disease burden is currently attributed to NCDs 
but this is forecast to increase to around 65% in 2040. 

 
The numerical results for the 2040s are included below. These results can 
be combined with population-weighted estimates of the change in relative 

risks of temperature-related mortality, diarrheal illness and vector borne 
disease to quantify the burden of disease attributable to climate change. 
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Table 1 – Projected disease burden for Cambodia, to 2040sclxxiv 

 

Cause 

YLLs (actual counts) Deaths (actual counts) 

2016 
2040 

Forecast 

2040 Better 

Scenario 

2040 Worse 

Scenario 
2016 

2040 

Forecast 

2040 

Better 

Scenario 

2040 

Worse 

Scenario 

All causes 

3,626,938.11 

(3,328,727.61 

to 
3,951,169.95) 

3,363,562.47 

(2,910,710.87 

to 
4,371,076.73) 

2,836,557.46 

(2,472,764.61 

to 
3,802,809.86) 

4,901,332.56 

(4,196,974.27 

to 
5,991,975.41) 

98,454.46 

(92,446.85 

to 
104,628.73) 

140,604.17 

(125,539.11 

to 
161,215.39) 

122,209.63 

(109,565.47 

to 
142,105.91) 

185,134.63 

(165,905.88 

to 
209,078.53) 

Diarrheal 

diseases 

54,115.00 

(37,379.58 to 

 77,032.09) 

21,581.59 

(3,773.81 to 

 68,194.97) 

17,091.53 

(3,339.55 to 

 53,296.35) 

50,515.92 

(9,939.72 to 

 160,774.68) 

1,349.27 

(834.17 to 

 2,090.02) 

1,172.82 

(189.69 to 

 4,038.87) 

988.31 

(178.73 to 

 3,211.73) 

2,395.79 

(392.06 to 

 8,209.12) 

Neglected 

tropical 

diseases and 
malaria 

126,259.17 

(71,812.29 to 

 196,016.32) 

69,533.16 

(42,666.07 to 

 100,929.66) 

67,351.70 

(41,868.14 to 

 96,536.68) 

81,739.47 

(47,666.66 to 

 121,861.13) 

2,222.97 

(1,344.78 

to 
 3,295.20) 

1,562.78 

(1,019.52 

to 
 2,364.96) 

1,536.84 

(1,025.68 

to 
 2,287.04) 

1,735.46 

(1,093.71 

to 
 2,679.12) 

Malaria 

121,745.49 

(66,071.88 to 
 193,038.17) 

59,705.11 

(32,270.69 to 
 91,775.53) 

57,672.87 

(31,883.13 to 
 87,817.69) 

70,390.36 

(36,347.50 to 
 111,856.76) 

2,143.72 

(1,266.13 
to 

 3,223.13) 

1,317.11 

(780.53 to 
 2,093.49) 

1,290.38 

(769.97 to 
 2,056.58) 

1,471.48 

(841.42 to 
 2,368.45) 

Dengue 
3,624.49 
(748.10 to 

 11,754.98) 

9,358.39 
(2,795.45 to 

 19,922.41) 

9,233.30 
(2,779.42 to 

 19,710.84) 

10,700.35 
(3,107.82 to 

 22,829.34) 

61.73 
(13.43 to 

 179.65) 

230.97 
(69.31 to 

 485.23) 

232.12 
(69.85 to 

 488.94) 

245.88 
(72.26 to 

 508.95) 

Nutritional 

deficiencies 
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13,895.46 

(10,473.85 to 

 18,308.95) 

9,016.16 

(7,202.41 to 

 11,028.27) 

8,815.74 

(7,090.29 to 

 10,873.81) 

11,123.84 

(8,670.61 to 

 14,130.00) 

463.98 

(387.69 to 

 548.71) 

573.64 

(432.14 to 

 732.79) 

593.05 

(450.64 to 

 753.65) 

599.48 

(439.72 to 

 781.43) 

Protein-

energy 

malnutrition 

11,975.96 

(8,958.70 to 

 16,078.28) 

7,260.75 

(5,644.68 to 

 9,000.77) 

7,111.15 

(5,554.07 to 

 8,865.91) 

8,970.72 

(6,826.56 to 

 11,504.84) 

400.42 

(331.89 to 

 473.79) 

472.51 

(350.96 to 

 612.55) 

489.57 

(369.06 to 

 625.11) 

491.91 

(356.26 to 

 646.52) 

Environmental 

heat and cold 
exposure 

987.44 

(678.69 to 
 1,561.20) 

899.88 

(616.85 to 
 1,467.77) 

833.20 

(563.78 to 
 1,352.42) 

1,211.42 

(816.49 to 
 1,924.00) 

22.69 

(16.33 to 
 35.73) 

27.31 

(19.53 to 
 44.27) 

26.08 

(18.66 to 
 42.50) 

34.11 

(23.92 to 
 55.98) 
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Adaptation/mitigation measures 
 

Table 2 – Adaptation options by type18 

 
Potential adaptation options, as defined by the 2019 vulnerability and adaptation assessment.clxxv These are necessarily quite 

general. 
 

  Average 

score 

Time Frame (near, 

medium, long term) 

Trainings Training of trainers (ToT) on health adaptation for core team at 

national and PHD levels 

3.9 

 

Near 

Conduct ToT for Focal Points on disaster response and health at 

PHD Level 

3.8 Medium 

ToT on climate-sensitive disease prevention and control 3.7 Near 

Training health center staff and managers on health adaptation 
and gender 

3.5 Medium 

Provide follow up training on climate change and health risks and 

adaptation for community members 

3.3 Long 

Curriculum 
development and 

planning 

Mainstream climate change adaptation (CCA) into health pre-
service training 

3.8 Near 

Streamline climate change and health risks into health in-service 

training 

3.7 Near 

Integrate climate change and health vulnerability and adaptation 
curriculum into medical/public health programmes 

3.7 Medium 

Streamline climate change and health and gender perspectives 

into health staff training curriculum 

3.6 Near 

Incorporate indigenous and traditional knowledge into climate 
change and health planning 

3.5 Near to Medium 

Awareness, 

information and 

communication 

Present results of V&A findings to decision-makers and 

stakeholders in key sectors 

3.9 Near 

Provide climate change and health information related to access 
to health services to health staff 

3.9 Near 

Awareness raising on health adaptation and gender to 

communities 

3.8 Medium 

Increase awareness of climate change related impacts on WASH 3.8 Near 

 
18 Based on combined ranking scores. 
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and food hygience 

Increase access to climate change and health information for 

healthcare practitioners at community level 

3.6 Near to Medium 

Strengthen climate change and health information distribution 

systems and media platforms using community relevant pathways 

(i.e. TV, radio, Facebook) 

3.4 Medium 

Provide mental health counselling to communities affected by 
climate change and disasters 

3.3 Medium 

Governance and 

coordination 

Create/strength committee for health and disaster, preparedness, 

management and response 

3.8 Near 

Create working group to coordinate disaster response for health 
including an RRT (Rapid Response Team) and a disaster response 

hotline (i.e. 115) 

3.7 Near 

Promote intersectoral and international collaboration in 

developing and implementing health adaptation options for 
climate sensitive diseases and health outcomes 

3.7 Medium 

Strengthen Technical Working Group (TWG) on climate change 

and health (CC&H) 

3.6 Near 

Strengthen disaster preparedness and response at the community 
level in areas affected by extreme weather events 

3.6 Medium 

Surveillance, HIS 

and EWS 

Develop and improve climate informed health early warning 

system (EWS) for priority climate sensitive diseases (i.e. Dengue 

fever, malaria, influenza, diarrhoea, heat stroke) and strengthen 
surveillance system for these diseases 

3.9 Medium to long 

Link climate informed EWS with MoH and MOWRAM 3.5 Medium 

Improve prevention and control of climate sensitive diseases (i.e. 

Dengue, malaria, ARI, diarrhoea) 

3.5 Near to Medium 

Revise the Health Information System (HIS) to capture extreme 

heat health effects 

3.4 Medium 

Infrastructure Strengthen infrastructure and equipment capacity to increase 

health facilities resilience to extreme weather events, prioritizing 
commune and district health centers, hospitals 

3.5 Long 

Build and/or retrofit Health Posts and Health Centers in 

communities vulnerable to weather events 

3.3 Long 
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The most effective public health measures for addressing climate change impacts are 
suggested in the table below, classified according to causal pathway and time scale. 

Expert judgement of the most important measures given in bold typeface. 
 

 

Table 3 – Addressing climate-health impacts: what works? 

 Hours, days, weeks, 

months 

Years, decades Centuries 

Direct Early warning and 
response 

Resilient 
infrastructure 

(housing, water, 

transport, energy, 

waste) 

Reduce net 
emissions 

 

Ecosystem Hygiene, 

quarantine, 

antimicrobial 

agents, vector control 

Public health 

measures: vaccines, 

surveillance. One 

health approaches? 
Resilient agriculture 

Sustainable 

development, 

biodiversity, 

conservation 

Socioeconomic Humanitarian 

response 

Social provision of 

basic needs (clean 

water, food, shelter, 
livelihood) 

Equitable socio-

economic 

development 

 

 
In relation to the effects of increasing temperature, and the mandate of the Green 

Climate Fund, the following specific policies are recommended. 
 

Mitigation in housing, transport, agriculture, industrial and energy 
sectors 

 
Increase the ability of communities to withstand high ambient temperatures and 

maintain sufficient cooling indoors without increasing the use of fossil energy. Passive 
cooling design of buildings, for example by ventilation and insulation, as well as active 

cooling using renewable energy sources.  
 

Promote policies with potential health co-benefits (and quantify these by modelling 
and direct observation): 

• Public mass transportation systems that encourage active travel. Reduced 
reliance of transport on fossil fuels and consequent reductions in air pollution; 

• Minimize emissions of greenhouse gases from agriculture, industry and energy 
sectors by rapid transition to plant-based diets and renewable sources of 

energy. 
 

Adaptation of health systems 

 
• Ensure that environmental health considerations, including climate change, are 

considered as part of impact assessments of major infrastructure projects and 
legislation; 
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• Assess the vulnerability of health systems and health facilities to disruption by 
extreme events, while accounting for long-term climate trends. A detailed 

survey may be required; 
• Invest in health system infrastructure by ensuring that information and 

communication systems, health facilities and professional staff are resilient to 
extreme events, especially floods. 

 
Inter-sectoral adaptation 

• Ensure that public health is given due weight in transport, agriculture, industry 

and energy policy, (especially, but not limited to, climate change adaptation 
policies); 

• Assess the vulnerability of essential infrastructure to disruption by extreme 
events, while accounting for long-term climate trends. A detailed survey may 

be required; 
• Invest in resilient water, sanitation, waste and energy infrastructure. 

 
 

Additional work needed 
 

• The forecasts of baseline health risk described by IHME above (in section 3) 

can be combined with population-weighted estimates of the change in relative 
risks of temperature-related mortality, diarrhoeal illness and vector borne 
disease, to produce estimates of the number of additional deaths and/or YLL 

attributable to climate change;  
• Empirical time series studies of daily temperature and mortality or morbidity 

are needed; 
• Risk maps for health impacts can be combined with vulnerability maps, to 

improve geographical targeting of adaptation policies. 
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Introduction19 
 
Cambodia’s last NDC submission in 2015clxxvi indicated that it is “highly vulnerable” 

to a range of climate change effects, citing floods, droughts, windstorms and 
seawater intrusion as the key threats, with the ADB noting that almost all disasters 

in Cambodia are flood related. The Climate Risk Indexclxxvii for 1999–2018 reported 
Cambodia to be the 12th in the ranking of Countries Most Affected by Climate Change 

over the period 1999–2018. Available analysis has indicated that flooding affects 14 
of Cambodia’s 25 provinces and it is estimated that 45% of the total national 

population (15.3 million from the preliminary findings of the 2019 census) are 
presently exposed to flood with potential flood depths above 0.5 m. While flooding is 

not new to Cambodia, and indeed the agricultural systems depend upon flooding to 
replenish nutrients, changes in the climatic characteristics will increase the risk and 

impact of flooding due to the interaction between predicted changes in a number of 
climate characteristics (the hazards), and the exposure and vulnerability of people, 

land, infrastructure and the economy. Compounding matters further are the 
challenges relating to transboundary water and unannounced upstream dam 

discharges along the Mekong from Thailand, Vietnam and Chinaclxxviii which will also 

 
19 While members of the Coastal Management team joined the Water Team, the focus of this proposal is on Water, and the risk of flooding. 
It is acknowledged that there are additional risks to the water sector due to coastal flooding (and saline intrusion) as well as water scarcity 
however, these are not considered in this proposal, for the purposes of this exercise. 

 

https://doi.org/10.1371/journal.pntd.0005568
https://doi.org/10.1371/journal.pbio.2003489
https://apps.who.int/iris/bitstream/handle/10665/104200/9789241564687_eng.pdf
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be affected by climate change. Over the period 1996 to 2013, an estimated 2,050 
people died as a result of disasters which affected Cambodia, of which 53% were 

attributable to flooding. Over this period, the hazard, which was reported to have 
occurred most frequently, was flooding, with 3,315 events reported, accounting for 

43% of all disasters. 
 

Despite the large geographical area potentially exposed to flood risks, this proposal 
focuses on two provinces: Bantea Meanchay and Kampong Thom, as given in Figure 

1: Provinces affected by flooding North of Tonle Sap Lake.. The combined population 
of these two provinces was 1.6 million in 2013.clxxix However, the detailed figures 

from the 2019 census are not yet available, but most likely have increased further. 
Bantea Meanchay is vulnerable to flash floods, while Kampong Thom is vulnerable to 

both flash floods and slow onset floods. Bantea Meanchay is located close to the 
border with Thailand and is affected by flooding of Tonle Sap Lake. Kampong Thom 

is located further east and is vulnerable to floods from a tributary of the Mekong 
River, as well as flooding of Tonle Sap Lake, which receives flow from the Mekong 

River. 
 

Interestingly, Tonle Sap Lake has a bidirectional relationship with the Mekong, 
receiving water from the Mekong, while also later discharging to it, which complicates 
flood modelling scenarios. The catchment hydrology of the major rivers in these 

provinces are affected also by changes in the extent and condition of forestation. 
 

 

Figure 1: Provinces affected by flooding North of Tonle Sap Lake. 

 
 

Running the climateinformation.org Site Specific Report predicts a relatively small 
increase (maximum of 6% under the highest emission scenario) for the total annual 
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rainfall volume, with substantially larger increases in discharge. Available analysis 
indicates that there will be a shortening of the rainfall season suggesting a 

concentration of rainfall events, which will have significant implications for flooding 
scenarios. Furthermore, different simulations suggest that the projected interaction 

between increased temperatures and rainfall patterns will have a detrimental impact 
upon the soil moisture figures, further contributing to predicted discharged volumes 

due to reduced capacity to absorb runoff. An important, yet complicating feature for 
climate modelling on flooding risk is the influence of the bidirectional flow of the Tonle 

Sap lake. Adaptation responses to the projected situation is further complicated by 
predictions of increasing water scarcity for the same provinces, due to increased 

temperatures and contraction of the rain fed farming periods. This complicates the 
design of adaptive solutions, as a very large range of conditions need to be designed 

for, including flood conveyance/protection and increased water demands, for both 
domestic and agricultural purposes. Knock-on impacts from surface water 

management to groundwater need to be considered as anticipated increased water 
demands will cause increased abstraction of groundwater resources and increasing 

the risk of arsenic contamination. 
 

Although historical floods have caused significant economic damage and loss of life, 
future floods are expected to amplify human losses and significant economic losses, 
and also threaten to undermine the progress made by Cambodia in terms of 

acceleration towards the Sustainable Development Goals. Floods are likely to destroy 
or damage critical infrastructure, including roads and water and sanitation systems. 

Critically, floods pose enormous risks to destroy or disrupt the provision of safe water, 
through the damage to water sources and networks, as well as contamination of 

water sources due to flooding of sanitation systems. Due to the increasing economic 
losses associated with farming (and the uncertainty associated with planting seasons 

and damage to crops and equipment), an increase in migration is anticipated to occur, 
with movement to already vulnerable areas projected, including Phnom Penh which 

is already at high risk of flooding, and migration from neighboring countries already 
evident. 

 
This proposal outlines the key challenges faced by floods in Cambodia to date, and 

the potential impact of changes to Cambodia’s climate for these two critical provinces, 
which are currently home to more than 1.6 million people. The proposed interventions 

are a combination of adaptation and mitigation solutions. 
 

 
Problem identification 
 
Problem Statement: Projected changes to Cambodia’s flood climate will have a 

detrimental impact upon the lives, infrastructure, service provision, assets (including 
homes, farms and livestock) and the economy in Bantea Meanchay and Kampong 

Thom provinces. 
 

Cambodia is ranked as 12th in the Global Climate Risk Index based for the period 
1999–2018 (Error! Reference source not found.).clxxx Floods are reported to be 
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the most frequent and severe disaster in Cambodia and these affect people’s lives, 
health, livelihood, public and private assets and infrastructure, such as schools, 

health care facilities, and water supply and sanitation facilities. While flooding affects 
14 of Cambodia’s 25 provinces, the future risk of flooding in Bantea Meanchay and 

Kampong Thom provinces was selected as the focus for this proposal, due to the 
range of flooding types, the potential scale of future flooding and the number of 

people affected. 
 

 

Table 1 – Extract from Global Climate Risk Index 

CBI 

Rank 

Country CRI 

score 

Fatalities 

1999-2018 

(rank) 

Fatalities per 

100,000 

inhabitants 
1999-2018 

(rank) 

Losses 

in 

million 
US$ 

(PPP) 

1999-

2018 
(rank) 

Losses 

per unit 

GDP in % 
1999-

2018 

(rank) 

66 Bosnia and 

Herzegovina 

70.17 125 115 40 13 

145 Botswana 132.33 151 150 125 109 

88 Brazil 83.17 21 108 16 123 

175 Brunei Darussalam 169.17 168 154 179 180 

67 Bulgaria 70.83 85 89 48 57 

106 Burkina Faso 99.33 92 125 110 72 

71 Burundi 73.67 81 82 119 39 

12 Cambodia 35.33 40 34 52 26 

 

 
Cambodia has a warm, tropical climate which is strongly influenced by the yearly 
monsoon season, which typically starts in mid-May and ends in October. The average 

annual precipitation amounts in Cambodia varies widely across the country, with 
average annual rainfall as low as 1400 millimeters (mm) in the central lowlands, 

increasing to 4,000 mm near the south west of Cambodia.clxxxi 
 

Existing analysis indicates that flood exposure for 14 of Cambodia’s provinces with 
approximately 45% of the total population potentially exposed to flood depths above 

0.5m (Figure 2: Population exposed to flooding by Pprovince.). 
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Figure 2: Population exposed to flooding by Pprovince. 

 
 

In Cambodia, there are two major types of flood, namely: a) flash floods, and b) slow 
onset floods. 

 
 

 
 
Figure 3: Flood incidence in provinces.clxxxii 
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Although both flood types represent substantial hazards requiring mitigation, flash 
floods (also termed rapid onset floods) provide greater challenges for mitigation as 

they are less predictable and associated with shorter, sometimes negligible, warning 
times. Flash flooding is mainly associated with steep catchment hydrology, occurring 

in the provinces surrounding Tonle Sap Lake, along with Banteay Meanchey to the 
northwest and Preah Vihear in north Cambodia. Although principally occurring in 

those provinces, it is also noted that flash flooding incidents have been recently 
observed in the coastal provinces, as well as in highland provinces in northeast 

Cambodia. 
 

Socioeconomic impact 

 

 

Figure 4: Number of human lives lost (1996 – 2013).clxxxiii 

 

Figure 5: Distribution of damaged and destroyed housing (1996 – 2013).clxxxiv 
 

 
Another important factor is the impact of flooding on the provision of basic services 

which destroys or damages key water and sanitation infrastructure, reducing the 
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availability of safe water, often for extended periods of time. This is a particular 
concern as it increases the risk of diarrhoeal diseases and threatens some of the 

progress made over recent years towards the Sustainable Development Goals. When 
there is an interruption to water supplies, the cost of water can increase, as can the 

time required to collect it, reducing the volume of water available, impeding the 
practice of key hygiene behaviours, and threatening the safety of water. 

 
Flooding can also affect the access to education and health services due to either 

direct damage of school or healthcare buildings by floods, or the use of schools as 
places of shelter. Flooding can also damage key road networks further impeding the 

flood response and ability to undertake critical repairs, response and rehabilitation 
activities. 

 
At a household level, flooding can have a significant impact on the domestic assets, 

including farmland and equipment, as well as fisheries, with substantial time required 
to undertake repairs, travel for supplies, as well as reduced income, damage and 

more costs for alternative food and water sources. 
 

 

Data and science identification and production 
 

Rainfall data was made available by the National Meteorological and Hydrological 
Service (NMHS) of Cambodia, for the Bantey Meanchey station from 1988. Quality 

and completeness of observations were all performed at the NMHS. These data were 
analysed using Climpact. Assuming that change in precipitation patterns is one of the 

key factors, but not the only one, causing flooding, conditions leading to rapid-onset 
flooding were identified by comparing Climpact rainfall indices to historical data of 

severe flooding events, particularly those associated with flash flooding. The 
strongest apparent relationship was identified for the Climpact index r30mm, which 
reports the number of days in each year when over 30mm rainfall was measured at 

weather stations, shown in Figure 6. This figure indicates no apparent trend in r30mm 
since 1988 although this period is relatively short to perform adequate trend analysis. 

 



 

212 
 

 

Figure 6: Historic Climpact Rainfall Index r30mm. 
 

 
To estimate the potential changes in rainfall and the impact on potential flooding 

risks, the Site Specific Report function of the climateinformation.org site (SMHI) was 
used to generate projections for annual average precipitation, discharge, run-off and 

discharge for the two regions under the two emission scenarios (RCP 4.5 and RCP 
8.5). It should be noted that the only available precipitation figure to be simulated is 

the average annual figure, and not an indication of rainfall conditions (intensity, 
duration or consecutive days) which would contribute to flood occurrence and 

severity. The climate models (CMIP5) showed a projected maximum increase of 6% 
in average annual precipitation and a maximum of 21% increase in discharge with 

projections for Banteay Meanchey shown in Error! Reference source not found. 
and those for Kampong Thom shown in Error! Reference source not found.. 
 

It is noted that while there is not a significant difference between the two provinces 
for rainfall projections (a maximum of 4% for Banteay Meanchey versus a maximum 

of 6% for Kampong Thom), there is a significant (inverted) difference for discharge, 
with the 4% rainfall increase in Banteay Meanchey leading to a projected 21% 

increase in discharge, while the higher projected rainfall increase of 6% for Kampong 
Thom, leads to a projected increase also of 6% in discharge, substantially lower than 

that of Kampong Thom, for a higher rainfall amount. This analysis highlighted a 
possible flaw in the use of non-site-specific model characteristics as the impact of the 

Tonle Sap on Banteay Meanchey was understood not to have been taken into 
consideration. 
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Table 2 – Projected rainfall and discharge changes for Banteay 

Meanchey, KHM (13.71 oN, 103 oE) 

Time 
period 

Rainfall Discharge 

 RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5 

2011-2040 0% (some) 0% (some) +1% (many) +2% (many) 

2040-2070 +2% (some) +4% (some) +8% (many) +16% (many) 

2070-2100 +4% (some) +4% (some) +19% (many) +21% (many) 

 
 

Table 3 – Projected rainfall and discharge changes for Kampong 

Thom, KHM (12.82 oN, 105.05oE) 

Time 

period 

Rainfall Discharge 

 RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5 

2011-2040 0% (some) -1% (some) +1% (many) -4% (many) 

2040-2070 +1% (some) +6% (some) +1% (many) +4% (many) 

2070-2100 +4% (some) +6% (some) +6% (many) +6% (many) 

 

 
Whereas an assessment based on ADB transportation project for national road and 

rural road risk assessment in 2015 shows 10%, 5%, 2% and 1% AEP flood depth-
duration curves. A GCM three-hourly data was analysed using extreme value analysis 

(EVA) to calculate extreme rainfall amounts for observed climate (1986-2005), and 
the future periods in 2030 and 2050 indicated the rainfall pattern may change 40 

mm with 1% AEP from observed condition in 2050 (16% from observed) and may 
influence the flood condition (Figure 7: 7). 

 

Figure 7: Depth duration curve for Kampong Cham province in Cambodia.clxxxv 
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Discharge 

 

• Historical discharge 
 

The climateinformation.org platform was used to analyse historical data on discharge, 

highlighting the range in historical values across the year. 
 

 

 

Figure 8: Historical (1988-2010) discharge in Banteay Meanchey station. 

 
 

• Projected discharge 
 
Using the Data Access Platform of the climateinformation.org site, projections were 

run for the changes in the monthly mean values of daily discharge for each 
calendar month over a 30-year period, using the mean ensemble value, calculated 

over all of the models used. The data shows that the current rainy season period of 
mid-May to October may not see substantial changes, however the increase on 

discharge amounts outside of the current rainy season (December to March) are 
significantly higher, with an enormous range. This makes the economic design of 
infrastructure a significant challenge due to the large range in the simulated 

changes and would warrant a more detailed site-specific analysis. 
 
 

http://www.climateinformation.org/
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Figure 9: Projected change in Monthly Mean Daily Discharge for RCP 8.5 at Banteay 
Meanchey. For projection periods (a) 2011-2040 (b) 2041-2070 (c) 2071-2100. 

 
 
  



 

216 
 

Runoff 

 

• Historical 
 

The Data Access Platform of the climateinformation.org was used to analyse the 

historical data on runoff, highlighting the range in historical values across the year. 
 
 

 

Figure 10: Historical (1980-2010) runoff at Banteay Meanchey station. 
 

 
• Projected 

 

Using the Climate Information Platform of the climateinformation.org site, 
projections were run for the changes in the monthly mean values of daily runoff for 
each calendar month over a 30-year period, using the mean ensemble value, 

calculated over all of the models used. As with the discharge projections, the data 
shows that the current rainy season period may not see substantial changes in 

runoff amounts, however the increase in runoff amounts outside of the current 
rainy season is significantly higher, although the range is large, it is less than that 

for discharge and for a shorter period of time, appearing not to impact later than 
December. 
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Figure 11: Projected change in Monthly Mean Daily Runoff for RCP 8.5 at Banteay 

Meanchey. For projection periods (a) 2011-2040 (b) 2041-2070 (c) 2071-2100. 
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Soil moisture 

 

• Historical 
 
The Data Access Platform of the climateinformation.org was used to analyse the 

historical data on soil moisture, highlighting the range in historical values across the 
year. 
 
 

 
Figure 12: Historical (1980-2010) soil moisture at Banteay Meanchey station. 

 
 

• Projected 
 
Using the Climate Information Platform of the climateinformation.org site, projections 

were run for the changes in monthly mean values of daily soil moisture for each 
calendar month over a 30-year period, using the mean ensemble value, calculated 

over all of the models used. In this case, Soil Moisture is calculated as the monthly 
mean values of daily soil moisture root zone as a fraction of field capacity averaged 

and is given as this index is given as a relative change. As with the discharge and 
runoff projections, the data shows that the current rainy season period may not see 

substantial changes however, there appears to be a reduction in soil moisture for the 
months of April, May and June with a significant increase for the later projected 
timeframes, suggesting an increase in demand for groundwater sources.  
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Figure 13: Projected Change in Monthly Mean Daily Soil Moisture for RCP 8.5 at 

Banteay Meanchey. For projection periods (a) 2011-2040 (b) 2041-2070 (c) 2071-
2100. 
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Adaptation/mitigation measures 
 
Development of effective flash/slow onset flood risk mitigation in a changing climate 

requires an integrated flood risk management strategy, involving a mixture of 
structural and non-structural interventions, including policy refinement and 

implementation. Management of the primary channels is undertaken by Ministry of 
Water Resources and Meteorology (MOWRAM), including delineation of exclusion 

areas and regular survey to support flood conveyance management such as channel 
clearance when required. Flash flooding risk is more specifically associated with 

secondary channel and upper catchments, where flood management is coordinated 
at a Commune level, supported by MOWRAM and the Department of Agriculture, 

Forestry and Fishery. Flood areas include both agricultural and urban land and are 
therefore subject both regulated and unregulated development, with seasonally 

alternating demands for flood conveyance in the wet season and delivery of 
agricultural water during the dry season. 

 
Structural characteristics affecting the rate of flood rise include catchment saturation, 

relative local-scale storage and unstable impoundment, due to debris or low levees. 
As these characteristics may change between individual rainfall events, there is a 
limited relationship between flash flooding and primary flood indicators such as 

rainfall intensity and duration or upstream storage levels. This obscures the 
observation-based understanding of floods and requires greater application of 

complementary mitigation practices from a strategic scale through to property-
level.clxxxvi 

 
The practicality of structural measures for flash flooding mitigation is constrained by 

the cost and time of implementation, as well as the fine balance required between 
flood hazard and water supply. Within the context of generally maintaining existing 

flow conveyance, characteristics of preferred flood mitigation measures are to have 
low cost or to reduce the speed of flood arrival. Due to the extensive range of 

secondary channels and the comparatively low socioeconomic valuation of 
agricultural productivity, intensive flood management interventions such as a storage 

and distribution network are not viable without substantial economic change. 
 

Agencies involved in flood adaptation and mitigation include: 
• Provincial and Commune level Governing Bodies; 

• National Committee for Natural Disaster Management; 
• Ministry of Water Resources and Methodology; 
• Ministry of Agriculture Forestry and Fishery; 

• Ministry of Environment; 
• Ministry of Public Work and Transportation; 

• Cambodian Development Committee (CDC); 
• National Council for Sustainable Development. 

 
Proposed mitigating and adaptation activities are summarized in Error! Reference 

source not found.. 
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Table 4 – Proposed mitigation and adaptation activities 

Mitigation 

Proposed action 

Development and auditing of Forestry practices to limit sediment and debris release in flash floods 

Installation of solar powered systems for water and sanitation infrastructure (and also for continued use 

after a flood) 

Adaptation 

Construction of Climate resilient infrastructure – water and sanitation systems (designs, locations, 

technology types, and service delivery models) are resilient to the range of projected flooding scenarios 

in extent, duration and typology 

Undertake capacity building of communities and local government entities to increase their climate 
resilience (strengthen community adaptation and disaster management training) for communities 

Review hydrological and meteorological observation systems (flood modelling, gauges) including 

installation, operation and reporting of observation systems 

Increase storage capacity for surface water structures (dam rehabilitation and channel cleaning, and 

monkey cheek dams) 

Pilot alternative technologies where feasible (e.g. artificial recharge) 

Provide support to the National Government to review progress against mitigation and adaptation 

targets and that these are reflected in a commune development plan and investment plan 

Flood Preparedness activities 

Review of current early warning systems and improve the design based on the findings 

Undertake detailed climate modelling for the specific provinces to ensure a more accurate assessment 

Review flood hazard zones, incorporating assessment of dam capacity and vulnerability 

Identify vulnerable communities under a range of flood scenarios 

Reactivate transboundary water agreements along the Mekong and advocate for their enforcement (e.g. 

early warning) 

Review and update flood evacuation planning at a Commune level 

Post-disaster Activities 

Rapid post-flood transport assessment and dissemination of available route information 

Improve the capacity of Utilities for post-flood service and infrastructure restoration 

 
 

Additional work needed 
 
The proposal development indicated a number of gaps including: 

• Lack of data on historical floods in these two provinces – their range, duration 
and extent; 

• Poor network of meteorological and flow stations considering the range in 
hydrological conditions; 

• Global models do not take into account the use of very specific hydrological 
conditions e.g. the bi-directional flow of Tonle Sap Lake, which has a major 

impact on flooding risks and characteristics; 
• Better coordination between different stakeholders from different sectors on 

climate; 
• Lack of comprehensive vulnerability analysis. 
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