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Abstract: 

Discriminating climate impacts between 1.5°C and 2°C warming levels is particularly 

important for Central Africa, a vulnerable region where multiple biophysical, political, and 

socioeconomic stresses interact to constrain the region’s adaptive capacity. This study uses an 

ensemble of 25 transient Regional Climate Model (RCM) simulations from the CORDEX 

initiative, forced with the Representative Concentration Pathway (RCP) 8.5, to investigate the 

potential temperature and precipitation changes in Central Africa corresponding to 1.5°C and 

2°C global warming levels. Global climate model simulations from the Coupled Model 

Intercomparison Project phase 5 (CMIP5) are used to drive the RCMs and determine timing 

of the targeted global warming levels. The regional warming differs over Central Africa 

between 1.5°C and 2°C global warming levels. Whilst there are large uncertainties associated 

with projections at 1.5
0
C and 2

0
C, the 0.5

0
C increase in global temperature is associated with 

Page 1 of 26 AUTHOR SUBMITTED MANUSCRIPT - ERL-104535.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



 

 

larger regional warming response. Compared to changes in temperature, changes in 

precipitation are more heterogeneous and climate model simulations indicate a lack of 

consensus across the region, though there is tendency towards decreasing seasonal 

precipitation in March-May, and a reduction of consecutive wet days. As a drought indicator, 

a significant increase in consecutive dry days was found. Consistent changes of maximum 5-

day rainfall are also detected between 1.5°C vs. 2°C global warming levels.  

 

Key words: CORDEX, Central Africa, global warming level, Regional Climate model, 

representative concentration pathways, extremes, precipitation, temperature 

 

 

 

 

 

1 Introduction 

The COP21 Paris Agreement is arguably a defining moment in the quest to stabilize 

greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 

anthropogenic interference with the climate system and reduce the risks and impacts of 

climate change (Jacquet and Jamieson 2016, Peters 2016, Schellnhuber et al 2016). The 

agreement’s aim is `holding the increase in global average temperature to well below 2°C 

above pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5°C'. For 

that purpose, it also seeks to achieve a balance between anthropogenic emissions by sources 

and removals by sinks of greenhouse gases in the second half of this century, on the basis of 

equity, and in the context of sustainable development and efforts to eradicate poverty. 

Nationally determined contributions will be evaluated on a 5-year cycle through a global 

stocktaking mechanism being established by the United Nations Framework Convention on 

Climate Change (UNFCCC), supported by a facilitative dialogue in 2018, and a first formal  
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review in 2023. The Paris Agreement issued an invitation to the Intergovernmental Panel on 

Climate Change (IPCC) to provide a special report in 2018 on the impacts of global warming 

of 1.5ºC above pre-industrial levels and related global greenhouse gas emission pathways. 

This has opened the debate on the need to sharpen climate science research, from discussing 

the drivers of climate change, to assessing climate influence on the habitability of the Earth 

and its regions (Hulme 2016, Marotzke et al 2017, Schleussner et al 2017). The IPCC 

accepted the invitation at its 43rd Session (11-13 April 2016, Nairobi, Kenya), noting the 

context of strengthening the global response to the threat of climate change, sustainable 

development and efforts to eradicate poverty. 

Investigating the differential climate impacts between 1.5°C and 2°C warming levels is 

particularly important for Central Africa, a vulnerable region which may be sensitive to 

warming, and where multiple biophysical, political, and socioeconomic stresses interact to 

increase the region’s susceptibility and constrain its adaptive capacity. Much of vulnerability 

to climate change lies in the fact that its agricultural systems remain largely rain-fed and 

underdeveloped, as the majority of farmers are small-scale farmers with few financial 

resources, limited access to infrastructure, and disparate access to information (Few et al 

2017). From the geophysical standpoint Central Africa is a complex climatic zone, occupied 

in its southern flank by the Congo basin rainforest and in the northern flank by savannah, 

which marks a transition towards the Sahel. This is also one of the three main convective 

regions of the planet, which encompasses the second largest rainforest on Earth, the largest 

river basin in Africa and plays a significant role in planetary circulation. Due to a lack of 

conventional monitoring data and the tendency to treat separately East (Williams and Funk 

2011) and West (Redelsperger et al 2006, Schubert et al 2016) Africa, little attention has been 
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devoted to understanding climate drivers over Central Africa. Rainfall maxima occur during 

the rainy seasons of March-April-May (MAM) and September-October-November (SON), 

and are associated with the meridional migration of the inter-tropical convergence zone and 

the life cycle of mesoscale convective systems (Jackson et al 2009, Kamsu-Tamo et al 2014).  

Eastward propagating signals (convectively coupled equatorial Kelvin wave and Madden-

Julian oscillations) are highly dominant in the precipitation variability modes during northern 

spring(MAM). So, while individual rain-producing systems are moving westward, their 

activities are highly modulated by sub-regional and regional scale envelopes moving to the 

east.  

The IPCC fifth assessment report (AR5) assesses the scientific, technical and socio-

economic information relevant to understanding the risks of human-induced climate change, 

its potential impacts and options for adaptation and mitigation (Aalst et al 2014, IPCC 2014, 

IPCC 2013). The report concludes that anthropogenic influence on the climate system is clear, 

and recent anthropogenic emissions of greenhouse gases are the highest in history. The AR5 

finds the increase in the global temperature has reached approximately 1°C above pre-

industrial levels, but recent data suggests that 2016 was 1°C greater than the baseline period 

(WMO,https://library.wmo.int/opac/doc_num.php?explnum_id=3414). There is also growing 

evidence of warming over Africa, consistent with anthropogenic climate change, and the 

potential for climate change to affect ecosystems and exacerbate existing stress on water 

availability in the future (Christensen et al 2013). Most of Sub-Saharan Africa is 

insufficiently well sampled in observational datasets to allow for a robust likelihood statement 

at the continental scale, but sub-regions for which data are available exhibit a warming in 

temperature extremes (SREX: IPCC 2012). There has been limited attention in previous 
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research, and IPCC reports, on climate change over Central Africa. Recent observational 

(Aguilar et al 2009,  Hua et al 2016) and numerical (Haensler et al 2010, Fotso et al 2017) 

studies have demonstrated some changes in the thermal and hydrological cycle over Central 

Africa; however this warrants further research, particularly with regard to the potential 

implications of 1.5°C and 2°C of global warming. 

The use of dynamical downscaling with regional climate models (RCMs) is the 

conventional approach to perform affordable high resolution climate simulations at the 

regional-to-local scale and assess the response of regional climate to future global change of 

forcings (van den Hurk and van Meijgaard 2010, Feser et al 2011, Diallo et al 2014, Evans et 

al 2014, Omrani et al 2015, Zou and Zhou 2016, Scinocca et al 2016, Black et al 2016). 

RCMs are forced by time-variable atmospheric conditions along their lateral boundaries. 

These constraints are provided either through global climate model (GCM) scenarios or quasi-

observed conditions from global reanalyses which provide realistic representation of the 

large-scale atmospheric conditions over the region, as well as remote influences on these. 

RCMs are therefore constructed for limited areas with a higher resolution to describe 

regional-scale climate variability and change. RCMs, because of their significantly higher 

spatial resolution, provide an improved physical representation of the mesoscale processes, 

which are often poorly captured by coarse spatial resolution GCMs.  

The Coordinated Regional climate Downscaling Experiment (CORDEX), sponsored by 

the World Climate Research Programme, provides a platform for a joint evaluation of model 

performance, along with a solid scientific basis for impact assessments and other uses of 

downscaled climate change information worldwide (Giorgi et al 2009, Gutowski Jr. et al 

2016). CORDEX is organized in a similar way to the Coupled Model Intercomparison Project 
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phase 5 (CMIP5) for global model simulations, with predefined model regions,  grids,  

experiment  design,  output variables, and output format. 

This work uses the CORDEX simulations and framework to investigate the multi-model 

response of precipitation and temperature changes over Central Africa, under 1.5°C and 2°C 

global warming levels. The aim is to explore the uncertainty and consensus among regional 

climate model projections. This is the first time a large ensemble of 25 RCMs’ simulations is 

used over Central Africa, and the first paper focusing on 1.5°C and 2°C changes over this 

region. In section 2 we describe the study area, methodology and datasets used. Section 3 

starts with brief assessment of RCM performance over Central Africa, followed by 

examination of the projected changes in climatology and in some climate extremes indices. 

Summary and conclusions are provided in Section 4. 

2 Methods 
2.1 Study area 

We define Central Africa as the region located approximately between latitudes 15° S and 15° 

N, and longitudes 5° E and 35° E. The region’s climate is complex and varies spatially. While 

coastal and central areas experience an equatorial climate (with two rainy seasons), the 

northern parts undergo a semi-arid climate regime (with a single rainy season). Precipitation 

is strongly variable in space and time due to its convective nature. The length of the rainy 

season varies with latitudes. Annual average temperature ranges from 26°C to 30° C.   

 

2.2 Model data 

This study is based on daily temperature and precipitation output data from the CORDEX-

Africa multi-RCMs ensemble of transient simulations described in Nikulin et al (in review, 

Table 2S). The ensemble consists of 25 RCM simulations including 10 simulations from the 
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Swedish agency for weather, climate, hydrology, and oceanography (SMHI), all used to 

downscale large-scale driving fields from a set of 13 CMIP5 GCMs (Taylor et al 2012) over a 

Pan-African numerical domain, using a grid-spacing of 0.44° (approximately 50km). The 

control simulations, forced by observed natural and anthropogenic atmospheric composition 

(CO2 and non-CO2 greenhouse gases, aerosols, and land cover), cover the period from 1950 to 

2005, whereas climate projections (2006–2100) are forced with emissions from the 

Representative Concentration Pathways (Moss et al 2010; van Vuuren et al 2011). AR5 uses 

four RCPs to describe scenarios for future emissions, concentrations, and land-use, ending 

with radiative forcing levels of 2.6, 4.5, 6.0, and 8.5 W/m
2
 by 2100. RCP 2.6 assumes that 

strong mitigation policies result in a low forcing level and a peak between 2010-2020 for 

global annual GHG emissions (measured in CO2-equivalents), with emissions declining 

substantially thereafter. Emissions in RCP 4.5 peak around 2040, then decline. In RCP 6.0, 

emissions peak around 2080, then decline. In RCP 8.5, emissions continue to rise throughout 

the 21st century. RCPs are not fully integrated scenarios i.e. a complete package of 

socioeconomic, emissions and climate projections. RCPs are only consistent with components 

of radiative forcing that meant to serve as input for climate modelling, pattern scaling and 

atmospheric chemistry modelling. 

RCP8.5 combines assumptions about high population and relatively slow income growth with 

modest rates of technological change and energy intensity improvements, leading in the long 

term to high energy demand and GHG emissions in absence of climate change policies (Riahi 

et al 2011). Compared to the total set of RCPs, RCP8.5 receives more attention in the climate 

modelling community and corresponds to the pathway with the highest greenhouse gas 

emissions. It is technically possible to limit radiative forcing from RCP8.5 to lower levels 
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comparable to other RCPs (2.6 to 6 W/m
2
). CMIP5 RCPs were not designed to address GWL 

concerns, nor to analyze difference between the effects of 1.5°C and 2°C of global warming 

(James et al 2017). Of the existing RCP2.6 GCM simulations, which can be considered as the 

most appropriate proxy for holding GWL below 2ºC, only 10 CORDEX-Africa simulations 

have been generated by only 2 RCMs (see for detail Nikulin et al, in review, Table 2S). In this 

study, therefore, we utilise the CORDEX-Africa runs driven by the RCP8.5 scenario, as, first, 

it comprises the largest ensemble (25 runs) and, second, may be considered as the most 

realistic business-as-usual scenario given the current trajectory of greenhouse gases 

emissions. 

 

2.3 Metrics and definition of 1.5°C and 2°C global warming levels 

There are several approaches to simulate 1.5°C and 2°C global warming above preindustrial 

levels, with different pathways, as well as range of methods for identifying regional climate 

signals associated with global temperature limits (James et al 2017). Each of these methods 

shows strengths and weaknesses. In this paper, we use the IMPACT2°C project’s method to 

define a 1.5°C or 2°C warming period from transient climate simulations, which is described 

in Vautard et al (2014). We take 1861-1890 to define the pre-industrial (PI) period as it is 

available across all CMIP5 historical simulations. Then for each GCM downscaled the timing 

of the relevant GWL is defined as the first time the 30-yr moving average (centre year) of 

global temperature is above 1.5
0
C or 2

0
C compared to pre-industrial. The corresponding 30-

year period is then extracted from the downscaling RCM for analysis using 1971-2000 as a 

control period. It is worth highlighting that the computed changes in regional climate do not 

therefore represent the total change induced by 1.5°C or 2°C of global warming, as significant 
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global temperature increase had already been experienced by 1971-2000. Rather, the changes 

computed here represent the difference between the late 20th century climate and the climate 

projected in a 1.5°C or 2°C world. Further details about the methodology, definition of 

warming levels, models and experimental design are described in a companion paper (see for 

detail Nikulin et al, in review, Table 1S). 

The analysis of climate change in Central Africa focuses on seasonal mean precipitation and 

temperature, together with drought and flood indices: consecutive dry days (CDD), for 

quantifying drought risk, and three indices for flood risk including the consecutive wet days 

(CWD), total wet day precipitation (PRCPTOT) and maximum consecutive five day 

precipitation (rx5day). We examine the range of modelled responses, and then present the 

multi-model response. There are also many methodologies used to determine the robustness 

of a climate change signal (see Collins 2013). We consider a climate change signal robust if 

the following two conditions are fulfilled (i) more than 80% of model simulations agree on 

the sign of the change, (ii) the signal to noise ratio, i.e., the ratio of the mean to the standard 

deviation of the ensemble of climate change signals, is equal to or larger than one. The first 

criterion considers model agreement and the second is a measure of the strength of the climate 

change signal (with respect to the inter-model variability in that signal). We use both in 

defining robustness because the first criterion may be fulfilled even in the case of a very 

small, close to zero change.  
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3 Results  

3.1 Evaluation of RCMs 

We use Taylor diagrams to assess RCMs’ performance in simulating rainfall variability at a 

monthly time scale (Taylor 2001). Fig 1 summarizes the root-mean-square difference 

(RMSD), pattern correlation (r), and the standard deviation (STD) of seasonal mean rainfall 

of each models’ ensemble mean, with respect to the reference field (GPCC) for SON and 

MAM rainy seasons in 1971-2000. CRU data is also compared to GPCC, to provide a 

measure of observational uncertainty. The performance of RCMs’ control simulations shows 

a wide spread and varies across seasons. In MAM, Fig 1a indicates r values between 0.6 

(RACMO/EC-EARTH) and 0.9 (ALADIN/CNRM-CM5), RMSD ranging from 0.5 

(CRCM5/MPI-ESM-LR) to about 1 (e.g. RCA4/EC-EARTH), and STD from 0.75 

(RACMO/EC-EARTH) to 1.5 (RegCM4/MPI-ESM-MR). In SON, models’ performances are 

more clustered and indicate slight improvement relative to MAM. 

 

Figure 1: Seasonal Taylor diagrams showing the spatial comparison between the 

observed and simulated Central Africa mean precipitation over land for the control 

period in (a) MAM and (b) SON. GPCC was taken as reference dataset. The multi-

model ensemble mean and the CRU are also shown for comparison. 
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3.2 Projected temperature and precipitation changes 

We start by translating the regional scale response of global warming for the two GWLs, 

using global and regional climate models. Figure 2 shows projected changes in annual mean 

temperature and precipitation over Central Africa for 1.5
0
C and 2

0
C warmer worlds. Since 

CORDEX simulations are integrated from 1950 through 2100, a direct assessment of 

projected climate changes relative to the preindustrial period (PI) is only appropriate for the 

CMIP5 GCMs ensemble simulations referred to as “GCM r1 PI”. In addition, we assess the 

regional changes relative to the control period 1971-2000 for a subset of CMIP5 (GCMs r1 

CTL), for the CMIP5 GCMS used to force the CORDEX RCM ensemble (GCM CORDEX 

CTL), and the CORDEX RCM ensemble (RCMs CORDEX CTL). As would be expected, 

projected changes are larger when computed relative to the preindustrial (in GCM r1 PI), than 

when computed relative to the late 20th century (in GCM r1 CTL). This provides important 

context for interpreting the CORDEX results: these are calculated relative to the late 20th 

century, and if regional changes were calculated relative to the preindustrial, they would very 

likely be larger. 

Figure 2 also shows a comparison between 1.5
0
C (and 2

0
C) changes calculated from RCP8.5, 

RCP 4.5, and RCP2.6. Since each RCP has a different pathway towards 1.5
0
C (and 2

0
C), with 

differences in both the rate of warming and the mix of anthropogenic forcings, there could be 

differences between RCPs in the regional change associated with 1.5
0
C and 2

0
C. In terms of 

annual mean temperature and precipitation, Figure 2 suggests that the uncertainty ranges are 

reasonably consistent between RCPs, although this may be different if calculated for seasonal 

means or extremes (Pendergrass et al. 2015; and Mitchell et al. 2016). All datasets show 

warming of Central Africa associated with 1.5
0
C and 2

0
C worlds (Figure 2a). When 
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calculated relative to the preindustrial, the regional warming is larger than the global mean in 

the majority of models (GCM r1 PI). Whilst there is variation between models in the 

magnitude of the warming, the range of responses is markedly warmer at 2
0
C than 1.5

0
C. 

With respect to the period 1971-2000 the range of mean regional warming of CORDEX RCM 

CTL resembles that of GCM r1 PI and GCMs r1 CTL, although the number of simulation 

varies across the different ensembles. However, the interquartile range of CORDEX RCM 

CTL projected warming is narrower than that of the driving GCM across RCPs, except for 

RCP 2.6. This illustrates that the uncertainty in regional change is different depending on 

which dataset is employed, this should be considered when assessing projected responses 

from only one dataset. 

This need for careful assessment of uncertainty is perhaps even more relevant for 

precipitation. Figure 2b shows projected changes in annual mean precipitation for the 1.5
0
C 

and 2
0
C GWLs, revealing uncertainty in the sign as well as the magnitude of precipitation 

change. Relative to 1971-2000, GCMs r1 CTL and GCMs CORDEX CTL responses remain 

similar across RCPs and indicate a clear increase in precipitation changes. In contrast, 

CORDEX RCM CTL projections tend to be more uncertain showing equally positive and 

negative changes.  Differences in the mean response between 1.5
0
C and 2

0
C appear to be 

small, however, the uncertainty ranges at 2
0
C are larger, with some of the models projecting 

changes in precipitation of a magnitude not seen at 1.5
0
C. This could indicate an increase in 

risk associated with 2
0
C. 
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a) 

`  

b) 

 
Figure 2: Projected changes in annual mean (a) temperature and (b) precipitation, averaged over Central Africa (10ºE-30ºE, 

10ºS-10ºN, land only) for the 1.5ºC and 2ºC GWLs under 3 RCPs for (i) the first member GCM ensemble relative to the 

preindustrial 1861-1890 (GCM r1 PI), (ii) relative to the control 1971-2000 (GCMs r1 CTL), (iii) GCMs used to downscale 

CORDEX-Africa RCMs (GCMs CORDEX CTL) and (iv) CORDEX RCM ensemble relative to the control period (RCMs 

CORDEX CTL). Numbers at the bottom show the number of GCM simulations reaching the 1.50C and 2ºC GWLs for each 

of (i) to (iv) and numbers at the top show the median temperature (a) or precipitation (b) increase in Central Africa. 

Individual simulations are represented by dots while ensemble statistics by whisker boxes. The boxes enclose the median and 

interquartile range (IQR: the 25th to 75th quartiles of the data). The whiskers extend out to largest and smallest value within 

1.5 times the IQR. Outliers are identified with empty circles. 
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Now the focus is placed on the spatial distribution of the multi-model climate change 

response from the CORDEX RCMs in the SON and MAM seasons, which correspond to the 

peaks in climatological precipitation. Several studies indicate that SON is wetter than MAM 

in most observational datasets (Dezfuli 2011; Washington et al 2013; Dezfuli and Nicholson 

2013; Badret al 2016). 

 

Figure 3:  Projected mean seasonal March-May (MAM) temperature and precipitation during 1970-
2000 (column 1),  changes at 1.5°C GWL (column 2), changes at 2°C GWL (column 3), difference 

between 2°C and 1.5°C levels of global warming (column 4). 

 

The mean MAM temperature for the control period (1971-2000) as simulated by RCMs 

exhibits a meridional gradient with high values in the northern part (greater than 25°C) and 

low values in the southern flank (Fig  3). Projected changes in temperature show differences 

in warming rates between 2°C and 1.5°C GWL. The 0.5°C increase in global temperature 
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(from 1.5
0
C to 2

0
C) is associated with larger increases in regional temperature, on average 

0.6°C for Central Africa, but even larger for parts of central DRC and northern Central Africa 

(up to 0.7°C). It is also worth noting that this is an average across the models and some 

models show larger change. Temperature change in SON exhibits a reduced intrusion of 

warming along coastal areas in the west (Fig 3). Higher warming is projected in the northern  

and southern parts of the study area with temperature increase greater than 1°C between the 

1.5°C and 2°C levels, whereas future changes of temperature will be less than 0.5°C over 

Atlantic ocean (relative to the late 20
th
 century). 

There is a decrease in precipitation over much of inland Central Africa during MAM for the 

1.5°C GWL (Fig 3), while coastal areas experience a slight increase in precipitation. 

Precipitation increase over the equatorial coastal region is projected to strengthen under 2
0
C 

GWL. However, there is a slightly decrease in precipitation over southern coastal region from 

1.5
0
C to 2

0
C level of warming. Broadly, reinforcement of dry condition inland is expected 

under 2
0
C level of warming. However, there is little agreement between regional models in 

these multi-model mean responses: this season is characterized by high uncertainty in 

projected rainfall change.  

The pattern of projected rainfall changes in SON is associated with a marked dipole 

distribution (Fig 4). Northern Central Africa is expected to moisten while southern regions are 

projected to dry. Broadly, this pattern is reinforced from 1.5°C to 2°C GWLs, although over 

eastern Central Africa the decrease in precipitation is less pronounced under 2°C GWL. The 

increase of precipitation is larger in coastal areas in the two rainy seasons (Fig 3 and 4). 

Model consensus is large for the 2°C global warming level over southern Central Africa, with  

some areas indicating more than 80% of agreement across models with respect to the sign of  
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the change.  Model results show consensus in projected rainfall decrease only over a small  

region, encompassing parts of Angola and Zambia. This supports previous results from Dosio  

and Panitz (2015).  

 

 

 

 

 

Figure 4:  Projected mean seasonal September-November (SON) temperature and precipitation during  

1970-2000 (column 1),  changes at 1.5°C GWL (column 2), changes at 2°C GWL (column 3),  
difference between 2°C and 1.5°C levels of global warming (column 4). Areas where at least 80% of  

the simulations (20 of 25) agree on the sign of the change are marked by positively sloped hatching  

(“/”). Areas where the signal to noise ratio (SNR) is equal or more than 1 are marked by negatively  
sloped hatching (“\”). For temperature all grid boxes satisfy the two criteria (the agreement and signal  

to noise ratio) and the hatching is shown. Note that colour scales for the 2ºC - 1.5ºC plots are different  

from the 1.5ºC - CTL and  2ºC - CTL ones. 

 

3.3 Extremes rainfall 

This section focuses on the change of rainfall extremes under 1.5°C and 2°C global warming 

levels. We use a subset of widely used rainfall indices coordinated internationally, which 
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allows the results of studies from different parts of the world to fit together seamlessly. These 

include the Maximum length of dry spell (CDD) and Maximum length of wet spell (CWD). 

Figure 5: Projected mean seasonal March-May (MAM) consecutive dry days (CDD) and consecutive 
wet days (CWD) during 1970-2000 (column 1),  changes at 1.5°C GWL (column 2),  changes at 2

0
C  

          GWL (column 3),  difference between 2°C and 1.5°C levels of global warming (column 4).Areas  

where at least 80% of the simulations (20 of 25) agree on the sign of the change are marked by  

positively sloped hatching (“/”). Areas where the signal to noise ratio (SNR) is equal or more than 1  

are marked by negatively sloped hatching (“\”). For temperature all grid boxes satisfy the two criteria  

(the agreement and signal to noise ratio) and the hatching is shown. Note that colour scales for the  

2ºC- 1.5ºC plots are different from the 1.5ºC - CTL and  2ºC - CTL ones. 

 

Figure 5 shows simulated seasonal mean of CDD and CWD average between 1971 and 2000 

and projected changes. Areas with observed minimum CDD are associated with maximum 

rainfall, and observed maximum CWD is also broadly collocated with maximum rainfall. 

Central Africa shows a seasonal dependence in CDD changes with limited levels of model 

agreement. There is a weak increase in the number of CDD (less than 4 days) in southern 

parts of the domain for the 2°C global warming level in MAM, compared to 1.5°C global 
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warming level. A decrease in occurrence of CDD with global warming is noticed over 

northern Congo Basin, northern Cameroon, southern Chad and Sudan, though with limited 

consensus amongst RCMs. Although the direction of the change in CDD between GWLs are 

consistent in the northern and southern Central Africa, in the centre of the region there is an 

opposite response in the direction of the change from decrease in CDD to increase 

respectively under 1.5°C and 2°C (Fig 5). 

The situation is more contrasted for SON (Fig 6), with clear delineation of CDD change in the 

south and north parts. Broadly, there is a clear increase in CDD over southern Central Africa 

in SON, with good agreement between models (Fig 6). CDD is projected to increase faster in 

a 2°C warmer world than for the 1.5°C global warming level in the southern part of Central 

Africa in SON. CDD change tend be smaller in the central parts of the Congo basin. 

Figure 6: As Fig. 5 but for SON. 
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Under either the 1.5°C or 2°C global warming scenario, there is significant decrease of CWD 

relative to today’s climate despite localised hotspots of increase depicted in SON (Fig 6). 

There are strong local changes. The area influenced by changes grows somewhat with 

increasing warming level. The decrease in CWD would be weakened by more than 2 days 

under the 2°C threshold compared to the 1.5° level of global warming over most of the 

Central African region, particularly over Congo basin in both MAM and SON seasons. 

Figure 7: Projected seasonal March-May (MAM)  total wet day precipitation (PRCPTOT) and 
maximum consecutive five days precipitation (rx5day) during 1970-2000 (column 1),  changes at 

1.5°C GWL(column 2), changes at 2
0
C GWL (column 3),  difference between 2°C and 1.5°C levels of 

global warming (column 4). Areas where at least 80% of the simulations (20 of 25) agree on the sign 
of the change are marked by positively sloped hatching (“/”). Areas where the signal to noise ratio 

(SNR) is equal or more than 1 are marked by negatively sloped hatching (“\”). For temperature all grid 

boxes satisfy the two criteria (the agreement and signal to noise ratio) and the hatching is shown. Note 
that colour scales for the 2ºC - 1.5ºC plots are different from the 1.5ºC - CTL and 2ºC - CTL ones. 

 

 

Figure 7 shows the spatial distribution of precipitation indices (PRCPTOT and rx5day) and 

their projected changes during MAM. There is weakening of PRCPTOT is prominent over the  
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Figure 8: As Fig. 7, but for SON 

 

continent, with a reduction lesser than 50 mm; in contrast, PRCPTOT tends to intensify in 

oceanic region exceeding 40 mm and have more consistent geographical patterns of the 

change precipitation. Differences between the warming levels are easy to discern, PRCPTOT 

at 2°C warming is clearly higher and changes more robust than at 1.5°C in most of continental 

Central Africa. For the two levels of warming, the changes are strongest in SON (Fig 8). At 

2°C warming, southern part of the study area is subject to robust changes this season. 

Examination of rx5day reveals a contrast in pattern of change for 1.5°C and 2°C global 

warming levels (Fig 8). A clear increasing pattern emerges over much Central Africa with 

more than 15 mm, with some localised hotspots in northern region showing decrease (Fig 8). 

This increase in rx5day is an important element with respect to flood hazards, thus the 

increase in rx5day obtained under these global warning levels is likely to amplify the 
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probability for these risks. Difference in change of rx5day between 2°C and 1.5°C GWLs is 

uncertain and shows a complex spatial structure. Additionally, models have better agreement 

in the sign of projected changes in PRCPTOT than in rx5day during SON in the south. 

 

4 Discussion and Conclusions 

In this study, we have assessed projected changes in precipitation and temperature that are 

based on daily temperature and precipitation data in Central Africa as simulated in the 

framework CORDEX-Africa project under RCPs forcing scenarios. Examination of the 

modification of precipitation climate extremes under 1.5°C and 2°C of global warming is 

done. The robustness of the results is assessed using models’ agreement on the sign of the 

change and the signal to noise ratio. Robust signal is associated to agreement of more that 

80% (20 0f 25 RCMs) of model in the sign of the change and the signal to ratio greater than 

one.  

Global warming at 2
0
C will be associated with regional scale changes of temperature larger 

than what is obtained for the 1.5
0
C GWL. Overall, the regional warming over Central Africa 

is expected to be greater than the mean planetary warming. The rate of warming is larger at 

regional than at global scale. The warming is not expected to be spatially uniform over 

Central Africa. For precipitation, RCMs projected regional changes are less sensitive when 

moving from 1.5
0
C to 2

0
C GWLs However, the uncertainty ranges at 2

0
C are larger. This 

could indicate an increase in risk associated with 20C. Precipitation changes are less 

prominent, except in very localised area in the southern Central Africa. These uncertainties 

are related to complex, but not well understood climate mechanisms driving the spatial and 

temporal variability of precipitation across Central Africa (Fotso-Nguemo et al 2017, 

Washington et al 2003, Pokam et al 2014).  

There is consistency in the direction of changes of extreme indices. Over southern Central 

Africa during SON, RCMs’ projected decrease in total precipitation is associated with the 

increase of temperature and number of consecutive dry days. This behaviour strengthens 

between 1.5°C to 2°C global warming levels. Central Africa is expected to be predominantly 

under decrease of precipitation for the two targeted global warming levels. In the Atlantic 

region, signal is going to be towards more rainfall although there are uncertainties on 
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precipitation (Dosio and Panitz, 2015). Continental Central Africa will suffer from an 

increased number of dry days and reduction of rainy days. This can perturb future water 

resources, agricultural production and food security. With the increasing of maximum 

consecutive five day precipitation, it is expected that Central Africa will considerably be 

affected by heavy precipitation events. There are obvious advantages to reduce global 

warming to 1.5°C relative to 2°C in regard of the reduced frequency and magnitude of 

precipitation extremes.  

This article bears some caveats. First, it defines the increase in global average temperature 

above pre–industrial levels at a given point in time as the global average of combined land 

surface air and sea surface temperatures for a 30–year period centred on that time, excluding 

the impact of any short–term natural forcing fluctuations and assuming that the trend 

continues throughout that 30–year period. Second, it is assumed that the RCM climate change 

responses is independent of the temperature pathway used to reach 1.5°C and 2°C, and remain 

comparable for RCP2.6, RCP4.5, RCP6.0 and RCP8.5. 

 

Acknowledgements: 

The authors would like to acknowledge support from the Swedish Government through the 

Swedish International Development Cooperation Agency (SIDA). We also acknowledge 

logistical support from the CORDEX International Project Office, the Swedish 

Meteorological Institute and the Climate System Analysis Group at the University of Cape 

Town. The CORDEX-Africa data used in this work were obtained from the Earth System 

Grid Federation server. We are grateful to all the modeling groups that performed the 

simulations and made their data available. 

 

 

References: 

Aguilar, E., et al. (2009), Changes in temperature and precipitation extremes in western 

central Africa, Guinea Conakry, and Zimbabwe, 1955–2006, J. Geophys. Res., 114, 

D02115, doi:10.1029/2008JD011010. 

Aalst M Van, Adger N, Arent D, Barnett J, Betts R, Bilir E, Birkmann J, Carmin J, 

Chadee D, Challinor A, Chatterjee M, Cramer W, Davidson D, Estrada Y, Gattuso 

J-P, Hijioka Y, Guldberg O H-, Huang H-Q, Insarov G, Jones R, Kovats S, Lankao 

P R, Larsen J N, Losada I, Marengo J, McLean R, Mearns L, Mechler R, Morton J, 

Page 22 of 26AUTHOR SUBMITTED MANUSCRIPT - ERL-104535.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



 

 

Niang I, Oki T, Olwoch J M, Opondo M, Poloczanska E, Pörtner H-O, Redsteer M 

H, Reisinger A, Revi A, Schmidt D, Shaw R, Solecki W, Stone D, Stone J, Strzepek 

K, Suarez A, Tschakert P, Valentini R, Vicuna S, Villamizar A, Vincent K, Warren 

R, White L, Wilbanks T, Wong P P and Yoh G 2014 Climate Change 2014: 

Impacts, Adaptation, and Vulnerability Assess. Rep. 5 1–76 

Badr H S, Dezfuli A K, Zaitchik B F and Peters-Lidard C D 2016 Regionalizing Africa: 

Patterns of precipitation variability in observations and global climate models J. 

Clim.29 9027–43 

Black M T, Karoly D J, Rosier S M, Dean S M, King A D, Massey N R, Sparrow S N, 

Bowery A, Wallom D, Jones R G, Otto F E L and Allen M R 2016 The 

weather@home regional climate modelling project for Australia and New Zealand 

Geosci. Model Dev.9 3161–76 

Christensen J H, Kumar K K, Aldria E, An S-I, Cavalcanti I F a., Castro M De, Dong W, 

Goswami P, Hall  a., Kanyanga J K, Kitoh  a., Kossin J, Lau N-C, Renwick J, 

Stephenson D B, Xie S-P and Zhou T 2013 Climate Phenomena and their 

Relevance for Future Regional Climate Change Supplementary Material Clim. 

Chang. 2013 Phys. Sci. Basis. Contrib. Work. Gr. I to Fifth Assess. Rep. Intergov. 

Panel Clim. Chang. 62 

Collins M, Knutti R, Arblaster J,  Dufresne J-L, Fichefet T, Friedlingstein P,  Gao X, 

Gutowski W J,  Johns T, Krinner G., Shongwe M, Tebaldi C,  Weaver A J, and 

Wehner M 2013 Long-term Climate Change: Projections, Commitments and 

Irreversibility. In: Climate Change 2013: The Physical Science Basis. Contribution 

of Working GroupI to the Fifth Assessment Report of the Intergovernmental Panel 

on Climate Change [Stocker  T F ,  Qin D, Plattner G-K, Tignor M, Allen S K, 

 Boschung J, Nauels A, Xia Y, Bex V and Midgley P M (eds.)]. Cambridge 

University Press, Cambridge, United Kingdom and New York, NY, USA. 

Dezfuli A K 2011 Spatio-temporal variability of seasonal rainfall in western equatorial 

Africa Theor. Appl. Climatol.104 57–69 

Dezfuli A K and Nicholson S E 2013 The relationship of rainfall variability in western 

equatorial africa to the tropical oceans and atmospheric circulation. Part II: The 

boreal autumn J. Clim.26 66–84 

Diallo I, Bain C L, Gaye A T, Moufouma-Okia W, Niang C, Dieng M D B and Graham 

R 2014 Simulation of the West African monsoon onset using the HadGEM3-RA 

regional climate model Clim. Dyn.43 575–94 

Dosio A and Panitz H J 2016 Climate change projections for CORDEX-Africa with 

COSMO-CLM regional climate model and differences with the driving global 

climate models Clim. Dyn.46 1599–625 

Evans J P, Ji F, Lee C, Smith P, Argueeso D and Fita L 2014 Design of a regional 

climate modelling projection ensemble experiment - NARCliMGeosci. Model 

Dev.7 621–9 

Feser F, Rockel B, von Storch H, Winterfeldt J, Zahn M, Feser F, Rockel B, Storch H 

von, Winterfeldt J and Zahn M 2011 Regional Climate Models Add Value to Global 

Model Data: A Review and Selected Examples Bull. Am. Meteorol. Soc.92 1181–

92 

Page 23 of 26 AUTHOR SUBMITTED MANUSCRIPT - ERL-104535.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



 

 

Fotso-Nguemo T C F, Vondou D A and Tchawoua C 2017 Assessment of simulated 

rainfall and temperature from the regional climate model REMO and future changes 

over Central Africa Clim. Dyn.48 3685–705 

Giorgi F, Jones C, Asrar G R and others 2009 Addressing climate information needs at 

the regional level: the {CORDEX} framework World Meteorol. Organ. Bull.58 175 

Gutowski Jr. W J, Giorgi F, Timbal B, Frigon A, Jacob D, Kang H-S, Raghavan K, Lee 

B, Lennard C, Nikulin G, O’Rourke E, Rixen M, Solman S, Stephenson T and 

Tangang F 2016 WCRP COordinated Regional Downscaling EXperiment 

(CORDEX): a diagnostic MIP for CMIP6 Geosci. Model Dev.9 4087–95 

 

Hua, W.; Zhou, L.; Chen, H.; Nicholson, S.E.; Raghavendra, A.; Jiang, Y. Possible 

causes of the Central Equatorial African long-term drought. Environ. Res. Lett. 20  

Hulme M 2016 1.5°C and climate research after the Paris Agreement Nat. Clim. Chang.6 

222–4 

van den Hurk B J J M and van Meijgaard E 2010 Diagnosing Land–Atmosphere 

Interaction from a Regional Climate Model Simulation over West Africa J. 

Hydrometeorol.11 467–81 

IPCC 2013 Working Group I Contribution to the IPCC Fifth Assessment Report, 

Climate Change 2013: The Physical Science Basis IpccAR5 2014 

IPCC 2014 Climate Change 2014: Synthesis Report. Contribution of Working Groups I, 

II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate 

Change 

Jackson B, Nicholson S E and Klotter D 2009 Mesoscale Convective Systems over 

Western Equatorial Africa and Their Relationship to Large-Scale Circulation Mon. 

Weather Rev.137 1272–94 

Jacquet J and Jamieson D 2016 Soft but significant power in the Paris Agreement Nat. 

Clim. Chang.6 643–6 

James, R., Washington, R., Schleussner, C.-F., Rogelj, J. and Conway, D. (2017), 

Characterizing half-a-degree difference: a review of methods for identifying 

regional climate responses to global warming targets. WIREs Clim Change, 8: n/a, 

e457. doi:10.1002/wcc.457 

Kamsu-Tamo P H, Janicot S, Monkam D and Lenouo A 2014 Convection activity over 

the Guinean coast and Central Africa during northern spring from synoptic to intra-

seasonal timescales Clim. Dyn.43 3377–401 

Marotzke J, Jakob C, Bony S, Dirmeyer P A, O’Gorman P A, Hawkins E, Perkins-

Kirkpatrick S, Quéré C Le, Nowicki S, Paulavets K, Seneviratne S I, Stevens B and 

Tuma M 2017 Climate research must sharpen its view Nat. Clim. Chang. 

Meinshausen M, Smith S J, Calvin K, Daniel J S, Kainuma M L T, Lamarque J-F, 

Matsumoto K, Montzka S A, Raper S C B, Riahi K, Thomson A, Velders G J M 

and van Vuuren D P P 2011 The RCP greenhouse gas concentrations and their 

extensions from 1765 to 2300 Clim. Change109 213–41 

 Mitchell  D,  James  R,  Forster  PM,  Betts  RA,Shiogama H, Allen M. Realizing the 

impacts of a 1.5°C warmer world. Nat Clim Change 2016, 6:735–737. 

Nikulin G,  Lennard CJ, Dosio A. Kjellström E, Chen Y, Hänsler A, Kupiainen M, 

Laprise R,  Mariotti L,  Maule CF, van Meijgaard E, Panitz H-J, Scinocca JF and 

Page 24 of 26AUTHOR SUBMITTED MANUSCRIPT - ERL-104535.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



 

 

Somot S in review The effects of 1.5 and 2 degrees of global warming on Africa in 

the CORDEX ensemble Environ. Res. Lett. in review 

Omrani H, Drobinski P and Dubos T 2015 Using nudging to improve global-regional 

dynamic consistency in limited-area climate modeling: What should we nudge? 

Clim. Dyn.44 1627–44 

       Pendergrass AG, Lehner F, Sanderson BM, Xu Y.Does extreme precipitation intensity  

                depend on the emissions  scenario? Geophys  Res  Lett 2015,42:8767–8774.    

                doi:10.1002/2015GL065854 

Peters G P 2016 The “best available science” to inform 1.5°C policy choices Nat. Clim. 

Chang.6 646–9 

Pokam W M, Bain C L, Chadwick R S, Graham R, Sonwa D J and Kamga F M 2014 

Identification of Processes Driving Low-Level Westerlies in West Equatorial Africa 

J. Clim. 27 4245–62 

Redelsperger J-L, Thorncroft C D, Diedhiou A, Lebel T, Parker D J and Polcher J 2006 

African Monsoon Multidisciplinary Analysis: An International Research Project 

and Field Campaign Bull. Am. Meteorol. Soc.87 1739–46 

Schleussner C-F, Lissner T K, Fischer E M, Wohland J, Perrette M, Golly A, Rogelj J, 

Childers K, Schewe J, Frieler K, Mengel M, Hare W and Schaeffer M 2015 

Differential climate impacts for policy-relevant limits to global warming: the case 

of 1.5 °C and 2 °C Earth Syst. Dyn. Discuss.6 2447–505 

Schleussner C-F, Pfleiderer P and Fischer E M 2017 In the observational record half a 

degree matters Nat. Clim. Chang.7 460–2 

Schubert S D, Stewart R E, Wang H, Barlow M, Berbery E H, Cai W, Hoerling M P, 

Kanikicharla K K, Koster R D, Lyon B, Mariotti A, Mechoso C R, Müller O V., 

Rodriguez-Fonseca B, Seager R, Senevirante S I, Zhang L and Zhou T 2016 Global 

meteorological drought: A synthesis of current understanding with a focus on sst 

drivers of precipitation deficits J. Clim.29 3989–4019 

Scinocca J F, Kharin V V., Jiao Y, Qian M W, Lazare M, Solheim L, Flato G M, Biner 

S, Desgagne M and Dugas B 2016 Coordinated global and regional climate 

modelingJ. Clim.29 17–35 

Taylor K E, Stouffer R J and Meehl G A 2012 An Overview of CMIP5 and the 

Experiment Design Bull. Am. Meteorol. Soc.93 485–98 

Vautard R, Gobiet A, Sobolowski S, Kjellstrom E, Stegehuis A, Watkiss P, Mendlik T, 

Landgren O, Nikulin G, Teichmann C and Jacob D 2014 The European climate 

under a 2 degrees C global warming Environ. Res. Lett.9 34006 

Washington R, James R, Pearce H, Pokam W M and Moufouma-Okia W 2013 Congo 

Basin rainfall climatology: can we believe the climate models? Philos. Trans. R. 

Soc. Lond. B. Biol. Sci.368 20120296 

Williams A P and Funk C 2011 A westward extension of the warm pool leads to a 

westward extension of the Walker circulation, drying eastern Africa Clim. Dyn.37 

2417–35 

Zou L, Zhou T and Peng D 2016 Dynamical downscaling of historical climate over 

CORDEX East Asia domain: A comparison of regional ocean-atmosphere coupled 

model to stand-alone RCM simulations J. Geophys. Res. Atmos.1212015JD023912 

 

Page 25 of 26 AUTHOR SUBMITTED MANUSCRIPT - ERL-104535.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



 

 

  

Page 26 of 26AUTHOR SUBMITTED MANUSCRIPT - ERL-104535.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t


