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Executive Summary


This report attempts to synthesize modelling results obtained by the partners over four
vulnerable regions: western Africa, eastern Africa, Bangladesh, and Maldives. In addition, a
synthesis of the sea level rise obtained by the CMIP5 General Circulation Model involved in
the above study is provided.



A database with daily simulated data from the regional simulations has been set-up at DMI,
using the same specifications (netcdf conventions, file names) as the CORDEX international
experiment.



The report completes deliverable 3.1 which was based on older climate simulations.



Over western Africa, the rain season is shorter and more intense, resulting in a small
increase in total precipitation



Over eastern Africa the increase in rain intensity compensates the reduction in the length of
the rain season.



Over Ganges and Brahmaputra river basins, both length and intensity of the monsoon
increase, contributing to an increase by almost 20% in precipitation at +2°C stage.



In the Maldives, area both length and intensity of the monsoon over ocean are enhanced,
contributing to an increase by more than 20% in precipitation at +2°C stage.



The sea level rise at +2°C and even in 2100 remains below 50 cm, with a maximum,
amongst the four vulnerable areas examined, of 25 cm off Somalia.
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1. Introduction
The first target of IMPACT2C is to quantify the impacts of a 2°C and a 1.5°C warming of the
surface of the globe above pre-industrial climate conditions in Europe. Since the early 1990s, there
has been a long tradition of European projects aiming at producing regional climate scenarios over
Europe (Machenhauer et al., 1998). With FP5-PRUDENCE (Christensen et al., 2007), a new step
was the creation of a public on-line data base, which was used in many further impact studies by
various disciplines. A few years later, FP6-ENSEMBLES (van der Linden and Mitchell, 2009)
extended the number of numerical models, extended the scenario period to the first half of the 21st
century, and included a set of scenarios over western Africa, in cooperation with the international
AMMA (African Monsoon Multidisciplinary Analysis) programme.
Africa and other vulnerable parts in the world have been scarcely covered by scenario ensembles in
the past, compared with Europe or North America. The CORDEX (COordinated Regional
Downscaling EXperiment) international program has defined a common experimental set-up with
more than 10 wide domains over the world. In particular Africa is a mandatory and priority domain.
Only isolated islands (e.g. Polynesia) are excluded from this framework.
The second target of IMPACT2C is to quantify the impacts of a 2°C and a 1.5°C warming in extraEuropean vulnerable areas, namely the Niger and Nile basin in Africa, Bangladesh, and small
Islands in the Indian ocean. The availability of high resolution climate scenarios is a key issue for
such a target.
These regions are located in the tropics, so the temperature elevation is slightly below the global
mean. Thus, in IMPACT2C, the question of temperature is easily solved by the experimental
conditions (+2°C and +1.5°C). The key question is the future of precipitation. Most of the
vulnerability comes from food, drinkable water, and diseases. These parameters are strongly linked
to precipitation. Another concern, in the case of low coasts or small islands, is the sea level rise,
which is an indirect effect of global warming through ice caps melting and thermal expansion.
A first evaluation, at least for western Africa and global sea-level rise, has been delivered at the
beginning of the project (Deliverable 3.1). It was based on existing CMIP3 and ENSEMBLES
material. Thanks to the CORDEX initiative, there are to-date more regional simulation available
and this report is a synthesis of results related to the main questions of this second target.
After a presentation of the on-line database (Section 2), the next four sections will examine the
precipitation response in four areas, namely western Africa, eastern Africa, Bangladesh, and
Maldives. Section 7 will address sea level rise, and concluding remarks will be given in Section 8.
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2. Online data archive description
Various data from the project have been made available online recently at http://impact2c.dmi.dk/.
The access to data is currently password restricted, but it is the intention to open the archive to the
public by the end of the IMPACT2C project. The archive includes re-gridded and bias corrected
simulation data from the ENSEMBLES and CORDEX projects related to WP2, as well as
observation-based data and various indices.
There is web-based access to direct download as well as OPeNDAP access, where sub-regions and
–periods can be extracted. This archive was originally hosted at the DKRZ with ftp access.
Regarding WP3, simulations are available for Africa (5 simulations), the Maldives (3 simulations),
and Bangladesh (3 simulations). A couple of the simulations for Africa have been made available in
the CORDEX ESGF global archive, but in order to avoid delays in the IMPACT2C project, they
were made available in this archive earlier. Data files have been made compatible with CORDEX
specifications (http://cordex.dmi.dk), though the Maldives and Bangladesh integration domains are
not part of CORDEX. For all simulations, temperature and precipitation data are available. Other
fields are available online for some of the simulations, as listed in Table 1. Additional fields which
appear in the standard CORDEX list can be obtained upon request by: Michel Déqué
(michel.deque@meteo.fr) for CNRM-ARPEGE52, Michel Mesquita (michel.mesquita@uni.no) for
BCCR-WRF331 and Grigory Nikulin (grigory.nikulin@smhi.se) for SMHI-RCA4. In a few cases,
files in the archive are still collected in tar-archives, but this is being changed. The total amount of
WP3 data is around 500GB.
RCM

GCM

Area

Scenarios

Fields

CNRMARPEGE52

CNRM

Bangladesh

Historical,
RCP2.6, 4.5, 8.5

huss, pr, ps, rlds,
rsds,
sfcwind,
tasmax, tasmin

SMHI-RCA4

ECEARTH

Bangladesh

Historical,
RCP2.6, 4.5, 8.5

huss, pr, ps, rlds,
rsds,
sfcwind,
tasmax, tasmin

BCCR-WRF331

NORESM

Bangladesh

Historical,
RCP2.6, 4.5, 8.5

huss, pr, ps, rlds,
rsds,
sfcwind,
tasmax, tasmin

CNRMARPEGE52

CNRM

Maldives

Historical,
RCP2.6, 4.5, 8.5

pr,
tasmin

tasmax,

SMHI-RCA4

ECEARTH

Maldives

Historical,
RCP2.6, 4.5, 8.5

pr,
tasmin

tasmax,

BCCR-WRF331

NORESM

Maldives

Historical,

huss, pr, ps, rlds,
rsds,
sfcwind,
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RCP2.6, 4.5, 8.5

tasmax, tasmin

CNRMARPEGE52

CNRM

Africa

Historical,
RCP2.6, 4.5, 8.5

pr,
tasmin

tasmax,

SMHI-RCA4

ECEARTH

Africa

Historical,
RCP2.6, 4.5, 8.5

pr,
tasmin

tasmax,

DMI-HIRHAM

ECEARTH

Africa

Historical,
RCP2.6, 4.5, 8.5

pr,
tasmin

tasmax,

ENEA-REGCM

CNRM

Africa

Historical,
RCP2.6, 4.5, 8.5

pr,
tasmin

tasmax,

HZG-REMO

ECEARTH

Africa

Historical,
RCP2.6, 4.5, 8.5

pr, tas, tasmax,
tasmin

HZG-REMO

MPI-ESM

Africa

Historical,
RCP2.6, 4.5, 8.5

pr, tas, tasmax,
tasmin

Table 1 Experiments in the IMPACT2C archive. Acronyms for fields as in CORDEX
specifications (http://cordex.dmi.dk/ )
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3. Western Africa
As stated in Section 1, Africa was the first domain proposed by CORDEX, and many regional
models have covered this area with the RCP4.5 and the RCP8.5 scenarios. Amongst them, HZG,
SMHI, ENEA, MeteoF and DMI are partners of IMPACT2C and have participated with their
respective Regional Climate Model (RCM) with one or more GCM serving as a lateral boundary.
The horizontal resolution is 50 km for all models. A validation of the RCMs driven by the
ERAinterim reanalysis is presented in Nikulin et al. (2012). Table 2 shows the RCMxGCM matrix
of the available experiments for the whole African continent. In this section, we extract the western
part of the domain. In the next Section, the eastern part is examined, based on the same simulations
and techniques.
CNRM

EC-earth MPI

HZG
SMHI

x

MeteoF

x

DMI
ENEA

x

x

x

x

CCCma
x

MIROC
x

MOHC
x

NCC

GFDL

x

x

x
x

Table 2: Experiments available over Africa for a GCM (column) and RCM (line) are marked by x

In fact the ENEAxCNRM is available for scenario RCP4.5 only, and the SMHIxGFDL RCP4.5 is
not exploited in this report because the GCM never reaches +2°C above pre-industrial. As one can
see SMHI RCM has much more simulations than the others. As the aim here is to produce a
synthesis, we will not examine one by one the various models. Considering the average of the 13
models would give too much weight to SMHI RCM sensitivity. Therefore, we have applied the
same completion method as in FP6-ENSEMBLES (Déqué et al., 2012) in order to get 5x8 model
responses. The algorithm here is simpler, because, contrary to Europe in the ENSEMBLES
experiments, precipitation is weakly dominated by large-scale weather regimes that the GCM would
impose to the RCM. So we just combine the GCM and the RCM contributions.

3.1 +2°C warming
As mentioned in Section 1, and shown in M18 report of the project (Figure 1 of that report), the
change in temperature is about 2°C in western Africa, the absolute maximum ( 3°C) being reached
by a few models during the dry season in the North of the domain.
Precipitation has a strong seasonal cycle in the tropics, but the rain season may change according to
the location, and may change with the global warming. For this reason, we do not examine month
by month or trimester by trimester the changes in the climatology in this synthetic approach. Here
we consider two parameters: the length of the rain season, and the intensity of the rain season. We
use a simple algorithm to detect the rain season: three consecutive periods of three consecutive days
(i.e. 9 consecutive days) must accumulate more than 3 mm rain each. According to the models and
the locations, this period covers 3 to 6 months in the year, with of course variations from one year
7

to another. The duration is the number of days per year during this period. The intensity is the
rainfall accumulation during this period, divided by the length of the period. We thus discard the
isolated rainy days. Figure 1 shows the mean model (average of 40 contributors) response for the
rain season duration at the +2°C period (which depends on the GCM) for RCP4.5 and RCP8.5. For
both scenarios, we observe a slightly shorter rain season in the southern part of the domain.

RCP4.5, +2°C

RCP8.5, +2°C

Figure 1: Synthesis response of the rain period duration over western Africa at +2°C ; RCP4.5 (left), RCP8.5
(right); contour interval 4 days. The red star indicates Niamey location.

Figure 2 shows the intensity of the rain, i.e. the mean rain of the rainy season. Here we observe an
increase in the South and in the East of the domain.

RCP4.5, +2°C

RCP8.5, +2°C

Figure 2: Synthesis response of the rain period intensity over western Africa at +2°C ; RCP4.5 (left),
RCP8.5 (right); contour interval 0.3 mm/day. The red star indicates Niamey location.

We have therefore two counteracting effects: shorter and heavier rains. If we consider the total
amount of precipitation during the rain season, the net annual effect over the domain is (averaging
land points only) +12 mm with RCP4.5 and +13 mm with RCP8.5. As one can imagine, there is a
great variety amongst the models (including the reconstructed model which cannot be outlier by
construction). The best method to synthesise this variability, which is a kind of uncertainty if we
assume that the truth is described by one of the models, is to use probability. Probability is typically
described by its distribution (pdf=probability dendity function). This parameter is not easily shown
by a map. For this reason, we extracted the series of Niamey, located 13°N, 2°E. We have shown in
figure 1 and 2 maps for duration and intensity changes. We could show pdf curves for these two
variables. But these two variables are not independent, so a 2-d pdf is more illustrative, as one can
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see if a shortening of the rain season is associated with an intensification or a decrease of the daily
rainfall. This method has been used for temperature and precipitation in various European cities in
the ENSEMBLES project (Déqué and Somot, 2010). There is here an additional difficulty. Rain
period duration is a sum of 0 and 1, so Gaussian hypothesis for the distribution is reasonable.
Similarly, the rain accumulation over a year is also Gaussian. These two variables are strongly
coirrelated (year-to-year correlation above 0.80). But the intensity is a ratio, and cannot be
represented by a Gaussian variable. Its pdf can be calculated analytically. But here we consider a
difference between two ratios, so a Monte Carlo approach is better suited.
Figure 3 shows the joint probability distribution of the two variables in Niamey. The contours
correspond to equal probability density. They are not labelled by the density because this quantity,
expressed in mm-1 , is very small and little informative. Instead, the contours are labelled by the
integral of the density inside the domain limited by this contour, which is the probability to get a
pair (duration, intensity) inside the domain. One can see that a greater part of the distribution is in
the negative part of the duration (more for RCP8.5 than for RCP4.5), whereas the distribution is
equi-distributed in the positive and negative intensity responses.

RCP4.5, +2°C

RCP8.5, +2°C

Figure 3: Bivariate probability density function for duration/intensity changes in Niamey; the contours are
labelled by the cumulated probability (%)

3.2 +1.5°C warming
IMPACT2C, as indicated by its name, is mostly interested in 2°C warming. However we have to
examine the +1.5°C period. The statistics shown in this report are calculated with a 30-year period
centred over the year when the threshold is reached by the driving GCM. In the case of RCP8.5, the
1.5°C and the 2.5°C 30-year periods overlap by about 20 years. As a consequence, the diagnostics
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are very similar, and for this reason, we will focus on the RCP4.5 scenario, for which the two 30year periods have a weak overlap if any. Figure 4 shows the fusion of figure 1 and figure 2. The
patterns are very similar to those shown in the respective figures. The accumulated precipitation
(land only) is 8 mm higher in the scenario than in the reference, which is a little less than at +2°C.
This indicates that the progression from the next decades (+1.5°C) to the mid century (+2°C) is
smooth, once all natural variability is wiped out by the multi-model average.

Rain season duration (day)

Rain season intensity (mm/day)

Figure 4: Synthesis response of the rain period duration (left) and intensity (right) over western Africa at
+1.5°C for scenario RCP4.5. See figs 1 and 2 for the colour palettes.

The pdf in Niamey (fig. 5) is less spread at +1.5°C than at +2°, and one can see that its center is
shifted toward the shorter and the wetter periods.

Figure 5: As figure 3 for +1.5°C and RCP4.5 scenario (Niamey)
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4. Eastern Africa
We treat eastern Africa in a different section, although the numerical simulations are the same, for
different reasons.


Western African results have been shown in a former document (Deliverable 3.1)



The impact studies involve different communities (Niger basin and Nile basin)



The African climate is complex, and a single map with many informations does not help to
synthesize



SMHI has produced high resolution (0.15°) over this region with two GCMs, EC-earth and
MIROC. These scenarios are hardly mergeable with the others and have not been taken into
account in the present synthesis

4.1 +2°C warming
Figure 6 has many common features with figure 1. There is a reduction of the rain season duration,
in particular in the south-western part. This reduction is higher in the “faster” scenario RCP8.5. The
change is greater here with up to a 16 day reduction (versus 8 day reduction in western Africa)

RCP8.5, +2°C

RCP4.5, +2°C

Figure 6: Synthesis response of the rain period duration over eastern Africa at +2°C ; RCP4.5 (left), RCP8.5
(right); contour interval 4 days. The red star indicates Addis-Abeba location.

The rain intensity (figure 7).increases in the northern part and over Somalia. This increase is lesser
than in western Africa. As a consequence, the yearly rain accumulation during the wet season
decreases by 3 mm (RCP4.5) and 2 mm (RCP8.5). This is negligible, but shows that the situation is
less favorable for the Nile basin than for the Niger basin.
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RCP8.5, +2°C

RCP4.5, +2°C

Figure 7: Synthesis response of the rain period intensity over eastern Africa at +2°C ; RCP4.5 (left), RCP8.5
(right); contour interval 0.3 mm/day. The red star indicates Addis-Abeba location.

To illustrate the model spread, figure 8 shows the probability distribution in Addis-Abeba, located
at 9°N and 39°E in the center of the domain. The pdf for RCP4.5 is centred at (0,0), which means
no expected response from the ensemble of model we have considered, but not the certainty of the
absence of response, because at 99% confidence, the response is between ±2 mm/day for the
intensity and ±20 days for the duration. This is consistent with figures 6 and 7 which show no
response over this area. The pdf for RCP8.5 is shifted toward a small increase in intensity.

RCP4.5, +2°C

RCP8.5, +2°C

Figure 8: Bivariate probability density function for duration/intensity changes in Addis-Abeba; the contours
are labelled by the cumulated probability (%)
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4.2 +1.5°C warming
As for western Africa, let us examine the response at an earlier stage of the RCP4.5 scenario, when the
global surface temperature is 1.5°C above its pre-industrial value. Figure 9 shows a similar pattern as for the
+2°C stage, with a slightly lesser amplitude. The yearly accumulation decreases by 6 mm at +1.5°C, which
indicates that the effect of reduced duration comes earlier than the effect of increased intensity. Increasing
intensity is an expected phenomenon in a warmer climate with an atmosphere able to carry more water from
the ocean to the continents or to re-cycle the continental water. The reduction of the wet season is a more
complex effect which involves the atmosphere general circulation and the spatial distribution of sea surface
temperature warming.

Rain season intensity (mm/day)

Rain season duration (day)

Figure 9: Synthesis response of the rain period duration (left) and intensity (right) over eastern Africa at
+1.5°C for scenario RCP4.5. See figs 6 and 7 for the colour palettes.

The pdf in Addis-Abeba (fig. 10) is more spread at +1.5°C than at +2°C, contrary to the pdf in
Niamey (figs. 3a and 5): there is no absolute rule about model spread. This uncertainty is a
combination of the interannual variability of each model and of the different behaviour of each
model. The centre of the pdf (the maximum density) remains at (0,0). However, the distribution is
less isotropic than in figure 8a: there is a trend toward increasing both intensity and duration.
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Figure 10: As figure 8 for +1.5°C and RCP4.5 scenario (Addis-Abeba)
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5. Bangladesh
Three partners have been involved in regional climate modelling of this region. SMHI used its
Asian-CORDEX simulation, MeteoF used a global high resolution simulation, and UNIRES
performed a dedicated simulation with a domain smaller than Asian-CORDEX. The three
simulations have the same horizontal resolution (50 km). They use three different GCMs,
respectively EC-earth, CNRM and NCC. These GCMs are part of the panel used above for Africa.
There is no need here to complete the matrix, as the three regional simulations can be considered as
equiprobable.
The domain we consider here, and that we will abusively name Bangladesh, is much larger than the
eponymous country. It corresponds to the river basin of Ganges and Brahmaputra rivers, and
includes part of China and India. The reason for this choice is that the two rivers are both the wealth
and the threat of the country. Changes in the precipitation regime over this domain will strongly
impact Bangladesh country.

5.1 +2°C warming
Here again, we separate the effect on precipitation of rain intensity, which is an expected increase
once the natural variability is cancelled out, and rain duration, which is more model and scenario
dependent. Figure 11 shows a completely different behaviour than we had for Africa in the last two
sections. The rain period length increases, and the response is twice larger with RCP4.5 than with
RCP8.5. The two patterns are rather similar.

RCP8.5, +2°C

RCP4.5, +2°C

Figure 11: Synthesis response of the rain period duration over eastern Bangladesh at +2°C ; RCP4.5 (left),
RCP8.5 (right); contour interval 4 days. The red star indicates Dacca location.

As far as rain intensity is concerned, figure 12 shows an overall increase, with a similar pattern for
the two scenarios and a stronger signal for the RCP4.5. The conjuction of a longer and a stronger
monsoon leads to an increase in total rainfall. Excluding, as usual, the sea grid points, the average
change over the domain is 105 mm per year for RCP4.5, which represent 17% of the simulated
quantity for the reference period 1971-2000. As a comparison, the increase of 12 mm rainfall per
year we get over western Africa represents a relative increase by only 3% of the reference rainfall
15

over the domain. The total precipitation increase with RCP8.5 is, as expected from figs. 11b and
12b, smaller than RCP4.5 with 61 mm per year.

RCP8.5, +2°C

RCP4.5, +2°C

Figure 12: Synthesis response of the rain period intensity over Bangladesh at +2°C ; RCP4.5 (left), RCP8.5
(right); contour interval 0.3 mm/day. The red star indicates Dacca location.

To illustrate the model spread, figure 13 shows the probability over Dacca, located at 24°N, 90°E.
Note that here Dacca is not near the center of the domain, but in the South. The two pdfs are very
different. The RCP4.5 pdf exhibits 3 axes, corresponding to the 3 models. The distribution of
intensity is centred at +1 mm/day. The distribution of duration is skewed, with a maximum density
in the negative responses, and a large extension in the positive responses. The RCP4.5 pdf is
isotropic with much less spread. It is shifted toward increasing intensity.

RCP4.5, +2°C

RCP8.5, +2°C

Figure 13: Bivariate probability density function for duration/intensity changes in Dacca; the contours are
labelled by the cumulated probability (%)
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5.2 +1.5°C warming
Figure 14 shows the precipitation response in the RCP4.5 scenario a couple of decades before, when the
+1.5°C stage is reached. We can see the same pattern as in figs 11 and 12, but with a much weaker response.
The total rainfall increase is 43 mm per year, which means more than doubling between the +1.5°C stage and
the +2°C stage.

Rain season duration (day)

Rain season intensity (mm/day)

Figure 14: Synthesis response of the rain period duration (left) and intensity (right) over Bangladesh at
+1.5°C for scenario RCP4.5. See figs 11 and 12 for the colour palettes.

The pdf at Dacca (figure 15) is no longer tri-polar and looks like the RCP8.5. This seems to indicate
that the precipitation changes depend more on the lag from the reference (+1.5° with RCP4.5 and
+2°C with RCP8.5 occur at the same or neighbouring decades, see Section 7) than on the global
warming.
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Figure 15: As figure 13 for +1.5°C and RCP4.5 scenario (Dacca)
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6. Maldives
Maldives is an archipelago located in the Indian Ocean. It is vulnerable to sea level rise, due to its
low elevation, and water scarcity due to the small size of the accumulation basins. Three partners
have proposed regional scenarios. SMHI uses its Asian CORDEX simulation at 50 km resolution.
UNIRES has run a dedicated version on a smaller domain at 17 km resolution. MeteoF has run a
dedicated version at 12 km resolution with 3 grid points artificially converted from sea into land.
Indeed none of the three regional models is able to resolve the small size of the individual islands.
The problem with small islands is that they are not resolved by the CORDEX models and outside or
near the boundaries of the CORDEX domains. MeteoF has repeated the Maldives scenarios (same
model, same resolution and similar domain size) for other archipelagos. The results have been
published in the IMPACT2C newsletter n°2 and in Déqué and Somot (2013). As these results are
based on a single model, they do not deserve a place in a synthesis report. For the Maldives, we
have the same three GCMs as for the Bangladesh. The domain is about at the same distance from
Bangladesh than from eastern Africa.

6.1 +2°C warming
Except the 3 grid points in the MeteoF regional model, the domain is essentially the ocean, and thus
the surface temperature is directly the CMIP5 surface temperature in the GCMs. Figure 16 shows
the length of the rain season. We can see the same behaviour as in the Bangladesh domain, that is
an extension (approximately twice as large, with a maximum of +24 days instead of +12 days) of
the period which is more marked with the RCP4.5 scenario.

RCP4.5, +2°C

RCP8.5, +2°C

Figure 16: Synthesis response of the rain period duration over Maldives at +2°C ; RCP4.5 (left), RCP8.5
(right); contour interval 4 days. The red star indicates Male location.
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Figure 17 shows that the response of rain intensity is similar in the two scenarios. This is not
surprising, as the sea surface temperature is close to +2°C above preindustial in the two scenarios. If
we calculate the amount of precipitation per year over ocean, which is a quantity different from
what we have considered in the last sections, where ocean grid points have been discarded, we find
an increase of 284 mm per year, which means an increase by 21%. The increase with scenario
RCP8.5 is 208 mm because of the shorter length of the rain period.

RCP4.5, +2°C

RCP8.5, +2°C

Figure 17: Synthesis response of the rain period intensity over Maldives at +2°C ; RCP4.5 (left), RCP8.5
(right); contour interval 0.3 mm/day. The red star indicates Male location.

The capital Male is located at 4°N, 73°E. For the sake of consistent aggregation, we have
considered an ocean grid point with MeteoF model too. The pdf is shown in figure 18. is again
different in the two scenarios. They agree to give a weak probability to a decrease in rain season
duration, but RCP4.5 does not exclude a decrease in intensity and considers possible large duration
increases (up to 60 days), whereas RCP8.5 gives a low probability to a decrease in intensity and
does not consider duration increases beyond 40 days..
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RCP4.5, +2°C

RCP8.5, +2°C

Figure 17: Bivariate probability density function for duration/intensity changes in Male; the contours are
labelled by the cumulated probability (%)

6.2 +1.5°C warming
Like in the previous sections, let us look at the +1.5°C stage in the RCP4.5 scenario. Figure 18 shows that
the duration increase is slightly less than in the RCP8.5 at +2°C, with a maximum response near 3°N. The
intensity increase is, as expected because the sea surface temperature is colder, less than at +2°C stage. The
domain mean accumulated rainfall increase is 184 mm, a little less than in the RCP8.5 at +2°C.

Rain season duration (day)

Rain season intensity (mm/day)
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Figure 18: Synthesis response of the rain period duration (left) and intensity (right) over Maldives at +1.5°C
for scenario RCP4.5. See figs 15 and 16 for the colour palettes.
The pdf in Male (figure 19) is very similar to the scenario RCP8.5 at +2°C, with a large part of the density in
the upper right quarter (increase in intensity and duration). This behaviour is similar to that of the
Bangladesh domain.

Figure 19: As figure 17 for +1.5°C and RCP4.5 scenario (Male)
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7. Sea level rise
In this section, we investigate the effects of +1.5°C and +2°C global warming (with respect to preindustrial climate) over the world, with a special focus on the above studied vulnerable areas
(western Africa, eastern Africa, Bangladesh and Maldives). We examine GCM model sea level
changes, and try to assess how these regions may be affected by sea level rise in the context of
climate change.
For this purpose, we analyse simulations from ocean-atmosphere GCMs from the IPCC-CMPI5
experiment. In order to be consistent within IMPACT2C, we use those GCMs which appear in other
parts of the report as drivers for regional climate models.
The following models are thus considered (see also Table 2):


CNRM-CM5



MPI-ESM-LR



MOHC-HadGEM2



GFDL-ESM2M



NCC-NorESM1-M



CCCma-CANESM2



EC-earth

MIROC has been discarded because its very strong projections of sea level rise make this scenario
very different from the others.
We use the most recent scenarios used in AR5, which are the Representative Concentration
Pathways (RCPs). Scenarios RCP4.5 and RCP8.5 are considered in the report.
The contribution from glaciers has been included with a rate of 0.14 mm/yr in RCP4.5 and 0.18
mm/yr in RCP8.5 according to Marzeion et al. (2012).
Figures 20 and 21 represent the spatial patterns of sea level rise between the 2071-2100 and 19712000 periods in RCP4.5 and RCP8.5 scenarios. As expected, global simulations under RCP8.5
scenario display a larger increase of sea level, due larger thermosteric expansion of the ocean
volume and larger glacier melting. Strong spatial patterns are noticed such as large changes in the
North Atlantic and in the South Indian ocean.
Compared to the world-wide mean signal, the vulnerable regions display an intermediate response
of sea level rise, except for the CANESM2 model which simulates a strong pattern of sea level rise
in the northwestern part of the Indian ocean, where some of the vulnerable areas of our study are
located.
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Figure 20: Projected sea level change (m) for the RCP4.5 scenario over the period from
1971-2000 to 2071-2100 for 7 individual climate model from CMPI5 and their mean.
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Figure 21: As figure 20 for the RCP8.5 scenario.

7.1 Regional projections of sea-level rise : western Africa
As we have studied four separated areas in the previous sections, we will now examine the sea level
rise in these four regions. Let us start with an ocean square area in the Gulf of Guinea.
In fig. 22, global models display an amplitude of sea-level rise in the West Africa region which
ranges from +0.01 to +0.08 m in RCP4.5 and +0.03 to 0.11 m in RCP8.5 when the averaged
increase of surface temperature reaches 1.5°C ; and ranges from + 0.05 to +0.13 m in RCP4.5 and
+0.07 to 0.15 m in RCP8.5 when the averaged increase of surface temperature reaches 2°C. These
25

calculations correspond to a 5-year average around the years corresponding to the +1.5°C and the
+2°C goals.

Figure 22: Projected sea level change (m) averaged over West Africa for the RCP4.5 and RCP8.5 scenarios.
The reference period is 1971-2000. Individual climate model from CMPI5 are represented. The following
longitude/latitude box has been used for the averaging : [lon : 0-10E ; lat : 0-10N]. Red and blue dots
respectively represent the time slice when 1.5°C and 2°C of averaged global warming are reached

7.2 Regional projections of sea-level rise : eastern Africa
The East Africa region may also be sensitive to potential sea level rise with the ongoing climate
change. In terms of sea level projections, we considered an ocean box in the global model
corresponding the Somalian shelf.
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In Fig. 23, projections from global models give an amplitude of sea-level rise which ranges from
+0.03 to +0.12 m in RCP4.5 and +0.02 to 0.14 m in RCP8.5 when the averaged increase of surface
temperature reaches 1.5°C ; and ranges from + 0.07 to +0.16 m in RCP4.5 and +0.04 to 0.19 m in
RCP8.5 when the averaged increase of surface temperature reaches 2°C. These calculations
correspond to a 5-year average around the years corresponding to the 1.5 and 2°C goals, in order to
get rid of the interannual fluctuations.

Figure 23: As figure 22 for East Africa (box [40E-60E ; 0-10N])
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7.3 Regional projections of sea-level rise : Bangladesh
The low-lying deltaic Bangladesh region may be affected by sea level rise in the context of climate
change. For the averaging from the global model outputs, we consider an ocean box corresponding
the bay of Bengal. Projections from global models (Fig. 24) can give a hint about the amplitude of
sea-level rise which ranges from +0.04 to +0.07 m in RCP4.5 and +0.03 to 0.07 m in RCP8.5 when
the averaged increase of surface temperature reaches 1.5°C ; and ranges from + 0.06 to +0.15 m in
RCP4.5 and +0.06 to 0.13 m in RCP8.5 when the averaged increase of surface temperature reaches
2°C. These calculations correspond to a 5-year average around the year corresponding to the 1.5
and 2°C goals.
Further information on future sea-level rise scenarios for Bangladesh may be found in Deliverable
13.1.
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Figure 24: As figure 22 for Bangladesh (box [87E-90E ; 18N-23N]

7.4 Regional projections of sea-level rise : Maldives
The Maldives Islands region is considered as a potentially vulnerable region to sea level rise in the
context of climate change (Woodworth 2005, Church 2013). Projections from global models (Fig.
25) give an amplitude of sea-level rise which ranges from +0.02 to +0.08 m in RCP4.5 and +0.03
to 0.10 m in RCP8.5 when the averaged increase of surface temperature reaches 1.5°C ; and ranges
from + 0.05 to +0.12 m in RCP4.5 and +0.06 to 0.14 m in RCP8.5 when the averaged increase of
surface temperature reaches 2°C. These calculations correspond to a 5-year average around the
years corresponding to the 1.5 and 2°C goals.
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Figure 25: As figure 22 for the Maldives (box [68E-80E ; 2N-8N]).
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8. Conclusions and perspectives
Four vulnerable areas ouside Europe have been examined. The global warming of +1.5°C or +2°C
is a serious threat for western and eastern Africa, because the precipitation does not increase or
increases weakly. Because of warmer temperature, evapotranspiration will increase, and soil water
availability will decrease, which is detrimental to food production. In addition, those regions will
experience a shorter rain season, which is also detrimental to food production, unless warmer
temperature shorten the length of the production cycle. The situation is better for Bangladesh and
Maldives, because precipitation increases and the length of the rain season increases as well.
However one should consider two negative impacts: floods for Bangladesh, touristic attractivity for
Maldives. From the global model projections, among the four non-European vulnerable areas
considered, eastern Africa seems to potentially experience the largest sea level rise when the global
averaged temperature will have increase by 1.5°C and 2°C with respect to the preindustrial time
slice. But we are far from the catastrophic announcements of 1 m or above in our results.
The above paragraph relates a plausible scenario, based on physically consistent constructions. The
large spread between the models indicates that this average scenario is not a prediction, but just a
reasonable expectation. Over Africa, we have used several models, including the two extreme
GCMs (MPI and MOHC). Over Bangladesh and Maldives, we have only 3 independent simulations
instead of 13 over Africa. The 3 GCMs are rather consensual in terms of global climate sensitivity,
although the corresponding RCMs exhibit different precipitation responses over the two regions. A
first way of improvement is to aggregate more regional models in the two regions. Thanks to
CORDEX-Asia this gap will be filled soon. A second way of improvement concerns the Maldives.
We have considered here ocean grid points to describe the climate of islands. It is possible to trick
with the land/sea distribution so that one grid point at high resolution (10 to 15 km) represents an
island. But to take full benefit of this, the surrounding ocean should be coupled with the high
resolution atmosphere. A third way of improvement is to produce regional scenarios with models
which represent convection by the physics laws (i.e. non-hydrostatic equations) rather than with
empirical one-dimensional parameterizations. Indeed, in the four regions of the study, precipitation
is essentially produced by convective motions. The sensitivity of convection to surface temperature,
estimated with our empirical parameterizations, might be inaccurate.
So this synthetic report is not a definitive answer to the question of the vulnerable areas, but our
best guess at the time of the end of IMPACT2C. Among the three ways of improvements mentioned
in the above paragraph, widening the GCMxRCM matrix is the easiest to complete. Regional
climate coupled models have been already used in several regions (e.g. Mediterranean or Baltic
Sea) and are not a big technical challenge. Regional convection permitting models (i.e. with a 12km resolution) are the next challenge facing the regional climate modellers.
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