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The West African monsoon is one of the most important 
large-scale atmospheric circulation systems in the tropics. It 
controls winds, temperature, clouds and most importantly 

precipitation over a land area of about 6 × 106 km2 (~5–25° N, 15° W 
to 15° E) and has remote impacts, for example through hurricane 
genesis. �rough water resources, agriculture and power genera-
tion, the health and livelihoods of hundreds of millions of people 
depend on monsoonal rainfall.

�e West African monsoon is a sensitive system that can be per-
turbed by di�erent factors across a wide range of scales. A promi-
nent example is the devastating drought in the 1970s and 1980s1 that 
most severely a�ected the Sahel, one of the regions with the largest 
precipitation variability worldwide. A large fraction of decadal-scale 
rainfall variability in the West African monsoon area is explained 
by variations in Atlantic sea-surface temperatures, which have been 
linked to natural oscillations but also to changes in anthopogenic 
aerosol emissions during the twentieth century, predominantly 
from industrialized areas in the mid-latitudes2,3. It is anticipated 
that the West Africa regional climate will change because of the 
e�ects of global-scale warming, implying an increased likelihood of 
unprecedented heat waves and a threat to low-lying, densely popu-
lated coastal areas from sea-level rise4, and  also because of land-use 
and land-cover change, as the increasing transformation of rain and 
savannah forests into agricultural land creates changes in the sur-
face energy and water balance through e�ects on albedo, evapotran-
spiration, water transport and storage as well as surface roughness5,6.

Studies on the Indian and East Asian monsoons suggest that 
anthropogenic emissions of aerosols and aerosol precursor gases 
from these densely populated and increasingly industrialized areas 
can a�ect the amount and seasonality of rainfall. Earlier studies 
concentrated on scattering aerosols such as sulphates, which reduce 
monsoonal circulation and precipitation through a reduction of 
short-wave radiation reaching the surface, sometimes termed ‘solar 
dimming’7. �e inclusion of absorbing aerosols such as black car-
bon creates a more complicated response in models that, among 
other things, depends on whether a coupling to the ocean is taken 
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into account8. According to the ‘elevated heat pump’ concept, 
aerosol heating over the Tibetan Plateau causes large-scale circula-
tion changes over South and East Asia9, but this idea is di�cult to 
prove from observations10. Recent studies are increasingly including 
e�ects of aerosols on clouds and typically �nd a reduction of mon-
soon-season precipitation through the combined e�ects of clouds 
and radiation changes11,12.

In West Africa anthropogenic emissions of aerosols and aero-
sol precursor gases have increased rapidly in recent years and are 
projected to keep increasing13,14. �is is particularly the case for the 
explosively growing cities along the Guinea Coast, as illustrated by 
high aerosol optical thickness along the coastal strip in the satel-
lite image shown in Fig. 1, particularly in the area of Lagos. In this 
Perspective we will discuss the question of whether this increasing 
pollution can be expected to perturb the sensitive West African 
monsoon system and thereby contribute to regional climate change 
in addition to the more established long-term factors global warm-
ing and regional land-use and land-cover change. In contrast to the 
Indian and East Asian monsoon, this emerging research topic has 
not received much attention and therefore the relative magnitude 
of this problem and possible interactions of di�erent factors are 
unclear. Undoubtedly urban air pollution has already become a sig-
ni�cant threat for human and ecosystem health across West African 
cities such that any regulatory actions could have multiple bene�ts. 
We will begin with a short overview of the meteorological condi-
tions over West Africa followed by a discussion of anthropogenic 
aerosols and aerosol-climate interactions. Concrete steps needed to 
improve our understanding of the role of air pollution for the West 
African climate are given in the concluding section.

The meteorology of West Africa
�e West African monsoon is associated with a marked seasonal 
cycle. From November to February most of the region is dominated 
by dry northeasterly winds from the Sahara. Clouds and precipita-
tion are con�ned to the coastal strip, where the sea-breeze circu-
lation brings in moister air and creates near-surface convergence. 

1Institute of Meteorology and Climate Research, Karlsruhe Institute of Technology, 76128 Karlsruhe, Germany. 2Wolfson Atmospheric Chemistry 
Laboratories/National Centre for Atmospheric Science, University of York, York YO10 5DD, UK. 3Met O�ce, Fitzroy Road, Exeter EX1 3PB, UK. 4School 
of Earth & Environment, University of Leeds, Leeds LS2 9JT, UK. 5Laboratoire d’Aérologie, CNRS/Université de Toulouse, Observatoire Midi-Pyrénées, 
31400 Toulouse, France. 6National Centre for Atmospheric Science/water@leeds, University of Leeds, Leeds LS2 9JT, UK. *e-mail: peter.knippertz@kit.edu

http://dx.doi.org/10.1038/nclimate2727
mailto:peter.knippertz@kit.edu


PERSPECTIVES | INSIGHT

Large amounts of mineral dust from the Sahel and Sahara are 
transported across the region, which in combination with human-
induced biomass burning lead to persistent haze because of the lack 
of wet removal. From March onwards the southwesterly monsoon 
winds begin to penetrate deeper into the continent, bringing with 
them moister air, more clouds and precipitation15. �e monsoon 
retreats back to the southern parts of West Africa in September 
and October. At the peak of the wet season in July and August, the 
large meridional low-level pressure gradient between the cold sea-
surface temperatures in the eastern equatorial Atlantic Ocean and 
the Saharan heat low drives a strong monsoon �ow with southwest-
erlies reaching about 20° N (Fig. 2a). �e reduction in turbulence 
and therefore depth of the frictional layer from day to night leads 
to the formation of strong nocturnal low-level jets16–18 (Fig. 2b) that 
transport moist air far into the continent.

A complex meridional pattern of di�erent types of clouds, usually 
with a marked diurnal cycle, is observed across West Africa during 
the wet season19,20. Around 15° N long-lasting, organized convec-
tive systems favoured by the shear provided by the African easterly 
jet generate the bulk of annual precipitation21,22. Maximum rainfall 
and the deepest ascent is usually found around 11° N (Fig. 2a). �e 
Guinea coastal zone is characterized by locally initiated, less organ-
ized and o�en long-lasting convection during the a�ernoon and 
evening, for example associated with the land-sea breeze circula-
tion22–24 (evident from the cloud-free coastal strip in Fig. 1), and 
shallow warm-rain showers forming in the deep monsoonal layer 
(red shading in Fig. 2a). One striking feature in this region is the 
extensive coverage of mostly non-precipitating low stratus clouds 
related to the nocturnal low-level jet25–27. Dynamical controls on 
these clouds are subtle, with competing e�ects from temperature 
and moisture advection, radiative cooling, condensational heat-
ing, subcloud evaporation, the sea-breeze circulation and the gentle 
upslope �ow28 (Fig. 2b). �e stratus decks typically li� and break up 
in the course of the day to form more isolated cumulus20. Shallow 
mid-level layer clouds, sometimes caused by detrainment from con-
vection, also frequently a�ect large parts of West Africa (Fig. 2a), 
but factors controlling their depth, extension and lifetime are not 
well understood. �e combined radiative e�ect of these clouds 

has a strong impact on the surface energy balance29 and thus on 
the diurnal cycle of the boundary layer and ultimately initiation of 
convection. During the wet season, natural aerosol contributions 
include dust from the Sahara, o�en found at mid-levels associated 
with the northerly return �ow (Fig. 2a), marine aerosols near the 
coast and biogenic aerosols further inland. �e enhanced precipita-
tion activity leads to a more e�ective wet removal of aerosols during 
this season.

Anthropogenic aerosols
Much of our current understanding of the regional atmospheric 
composition over West Africa stems from the African Monsoon 
Multidisciplinary Analysis (AMMA)30 project31 and other activi-
ties such as the DECAFE (Dynamique et Chimie Atmosphérique 
en Forêt Equatoriale) programme, the IGAC (International Global 
Atmospheric Chemistry)/DEBITS (Deposition of Biogeochemically 
Important Trace Species)/AFRICA atmospheric chemistry and dep-
osition monitoring network IDAF (http://idaf.sedoo.fr; in opera-
tion since 1995) and the Aerosol Robotic Network (AERONET)32. 
�e bulk of this work, though, focused on the substantial natu-
ral emissions from deserts, soils, forests and oceans, and thus on 
more remote parts of the region. �is pertains to both observations 
and modelling.

In West Africa, biomass burning is a large direct source of car-
bonaceous aerosols, which have a strong radiative e�ect, and also of 
volatile organic compounds, oxides of nitrogen, carbon monoxide 
and so on, which can indirectly impact climate through perturbing 
ozone and methane concentrations and through creating second-
ary aerosol particles. Biomass burning occurs predominantly dur-
ing the dry season. It is almost exclusively anthropogenic following 
century-old traditional practices31,33.

An additional factor that has received surprisingly little attention 
thus far is anthropogenic emissions of domestic, tra�c and indus-
trial pollutants. Although the increase of the global population is 
slowing down, the population of West Africa continues to increase 
by 2–3% per year (Fig. 3), with the current population of around 
340 million projected to reach more than 800 million by the middle 
of the century34. �is increase is accompanied by strong economic 
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Figure 1 | Sea breeze, clouds and pollution. MODIS visible image at 13:35 UTC on 12 October 2013 over southern West Africa showing a well-defined 
land–sea breeze and small-scale cumulus inland. MODIS aerosol optical depth at 0.55 µm wavelength is overlaid as colour shading in areas where the 
retrieval algorithm96 determines the image to be su�ciently cloud-free. This product shows enhanced air pollution along the coast and over the Gulf of 
Guinea, particularly in the vicinity of the coastal cities marked. 
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growth of currently about 5% per year, as well as industrialization 
and rapid urbanization (Fig. 3). As a result, pollutants such as oxides 
of nitrogen and sulphur, hydrocarbons, carbon monoxide and 
carbonaceous aerosols have increased sharply over the past dec-
ades and, depending on compound and scenario, are projected to 
increase between two- and fourfold by 2030 (Fig. 4a). �ey would 
then contribute between about 5 and 60% of global emissions, 
depending on compound and scenario13,14. A signi�cant source of 
uncertainty in these predictions lies in the degree of regulatory con-
straint on emissions anticipated by the di�erent West African coun-
tries over these decades.

A limited number of small-scale observational studies in West 
African cities, such as POLCA focusing on Dakar and Bamako, 
suggest that pollutants are already substantially above guidelines of 
the World Health Organization35–37. However, because of the lack 
of su�cient measurements, statistical information (for example, on 
fuel consumption) and regulatory activities, there are no emissions 
inventories for African cities (like those for London, for example,  
which currently have 30 m resolution). Given the short lifetime and 
thus spatial heterogeneity of many pollutants this makes estimat-
ing human exposure very challenging. It is notable from the lim-
ited studies that cities in West Africa su�er from a wide range of 
anthropogenic pollutants, some of which are also currently found in 
European cities (typically associated with high-temperature com-
bustion such as particulates, nitrogen dioxide (NO2) and ozone), 
but some that have not been a problem for many decades (asso-
ciated with low-temperature combustion, evaporative sources and 
others such as organic carbon particles, carbon monoxide, benzene, 
polyaromatic hydrocarbons and heavy metals).

In terms of regional anthropogenic emissions, global invento-
ries13 provide some basis, but these su�er from coarse spatial reso-
lution (typically 1°) and lack of West African speci�cities of both 
sector activity (cars and motorbikes, �re wood, charcoal produc-
tion, animal waste usage, generator usage, population density and 
so on) and emission factors (compound-speci�c emissions per kilo-
gram of fuel used by a car, a stove or in-house burning, for exam-
ple). Recently, continental-scale emissions inventories have been 
created at 25-km spatial resolution based on African-speci�c fuels 
and activities14 (Fig. 4a), for example two-wheeled taxis38 (Fig. 4b). 
�ese show the importance of domestic �res for black carbon, 

organic carbon, carbon monoxide and volatile organic compounds; 
of cars for nitrogen oxides; and of industry for sulphur dioxide. 
Nevertheless, substantial uncertainties remain. �e limited obser-
vationally based assessments of emissions for a city such as Lagos 
have historically not compared well with the coarser-resolution 
emission estimates39, but such comparisons are few and far between. 
In addition to urban emissions, the rapid development of the oil 
industry along the Guinea Coast, and its associated emissions and 
�aring, is an increasing source of anthropogenic pollution (ref. 40, 
and T. Doumbia, personal communication). 

Once emitted, anthropogenic primary pollutants can build up 
regionally (10–1,000 km scale) and interact with other man-made 
(biomass burning) or natural emissions (from vegetation, exposed 
soil, lightning) (Fig. 5). Chemical processes typically driven by sun-
light can transform this complex mix of pollutants to produce sec-
ondary compounds such as ozone, acids (H2SO4, HNO3) and low 
volatile organics, which are harmful to humans and plants with 
potential impacts on agricultural productivity, and notably produce 
aerosol particles, which impact both health and climate as discussed 
in the next section.

Interactions between the increasing anthropogenic emissions 
and the large natural emissions still pose unresolved questions. 
�e role of the naturally emitted isoprene and monoterpenes on 
regional ozone is well documented for regions such as the south-
ern United States41, and our scienti�c understanding of this chem-
istry is evolving rapidly42–44, but studies assessing the situation for 
West Africa are few45,46. �e impact on aerosols is even less clear. 
Secondary organic aerosols are formed from predominantly natu-
rally emitted carbon compounds from trees, but there appears to 
be a signi�cant yield enhancement from anthropogenic emissions. 
�is may be because the anthropogenic emissions enhance the oxi-
dant concentrations or change the volatility of the oxidation prod-
ucts, but this is still subject to signi�cant research47. Observations 
from AMMA during the wet season show low organic mass concen-
tration in West Africa despite signi�cant biogenic emission48.

Oxides of nitrogen (NOx) have both natural and anthropogenic 
sources and play a central role in the chemistry of the atmosphere. 
Globally their emissions are dominated by human activities. For 
West Africa, however, the anthropogenic source (tra�c, domestic 
�res, industries and power plants) is relatively small compared with 
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the natural source, mostly from soils and lightning. �e magnitude 
of the latter, however, is highly uncertain and variable on daily, 
seasonal and interannual timescales49. �e impact of the rapidly 
increasing anthropogenic NOx emissions (Fig. 4a) on top of the 
large but highly variable and uncertain natural NOx emissions is not 
clear14. Other interactions such as those between anthropogenically 
emitted compounds and mineral dust50 and ocean-sourced halo-
gens51,52 are also highly uncertain and speculative.

Our understanding of the interactions between the natural and 
anthropogenic systems is made more complex given the anticipated 
impacts on the region’s ecosystems from an increasing population, 
from land-use and land-cover changes, and from a changing cli-
mate. As with other regions, there is also an impact of long-range 
transport of pollutants into the area, for example from biomass-
burning plumes from southern Africa31,33,53.

Aerosol–climate interactions
Generally, aerosols a�ect climate through impacts on radiation 
and clouds. �e physical understanding of direct radiative e�ects 
is comparatively good, but uncertainties are introduced through 
insu�cient knowledge of the vertical distribution and optical prop-
erties of the particles that depend on size distribution, shape and 
chemical composition, whereas interactions between aerosols and 
clouds are less well understood — particularly for ice and mixed-
phase clouds54,55 — and remain one of the most uncertain anthropo-
genic forcings of the Earth’s climate56.

For West Africa, most of the aerosol–climate interaction stud-
ies look at radiative e�ects of dust and biomass burning aerosols. 
Black carbon from man-made �res during the dry season has been 
suggested to reduce precipitation in West Africa by changing the 
atmospheric circulation, leading to reductions of cloud frequencies 

and height57. Similar impacts have been found from the radiative 
e�ects of desert dust58,59. Urban pollution can enhance downwelling 
radiation during clear nights and therefore cause large increases in 
night-time minimum temperatures as warm air is mixed from alo� 
because of radiative destabilization60, but this has not been investi-
gated for the Guinea Coastal zone, where additional impacts on the 
nocturnal low-level jet and stratus formation can be expected26,28.

To the best of our knowledge, there are no studies looking into 
aerosol–cloud interactions over the moister southern parts of West 
Africa. �is is partly due to a sparse network of measurements 
for atmospheric composition and meteorological variables61 and 
partly due to the historically low levels of industrial development. 
Aerosols directly a�ect the properties of cloud droplets and ice 
crystals, which then in turn a�ect cloud-top height, albedo, areal 
extent and lifetime, and the cloud’s environment; that is, there are 
two-way couplings between the cloud’s microphysical and macro-
physical properties62–66. As a result, the e�ects of aerosols on single 
clouds can be very di�erent from when a system of clouds evolv-
ing through many cloud lifetimes is considered. Such aerosol e�ects 
have barely been considered for the meteorological environment of 
the West African monsoon.

Previous research in regions a�ected by biomass burning67 has 
shown that the size distribution and number concentration of the 
aerosol particles are the main predictor of the concentration of 
cloud condensation nuclei (CCN), whereas composition and hygro-
scopicity are less important. However, secondary organic aerosols 
may play a role in complicating predictions of CCN concentra-
tion68. Studies on the extensive marine stratus decks in subtropical 
high-pressure regions show that an increase in aerosols can lead 
to changes of up to 40% of the re�ected shortwave radiation69 and 
can inhibit rainfall, with lightly precipitating clouds a�ected most 
severely70. In summertime West Africa, the nocturnal low-level jet 
carries pollution from the coastal belt inland, where interactions 
with biogenic emissions from �elds and forests may lead to the for-
mation of secondary aerosol particles as discussed above. �ese aer-
osols are likely to be mixed into the extensive low stratus decks over 
the region (see Fig. 2). It would therefore be interesting to investi-
gate possible changes to the clouds’ radiative e�ects71, which in turn 
could change the evolution of the boundary layer and consequently 
the diurnal cycle of convection72. Changes to the areal cover, lon-
gevity or brightness of the West African stratus clouds could then 
have an e�ect on surface radiation due to the albedo contrast with 
the underlying dark forest areas27. �is may ultimately a�ect larger 
parts of the West African monsoon system through changes to the 
regional circulation. Unfortunately, current climate models seem 
to struggle with realistically representing both low- and mid-level 
clouds in this region, resulting in a spread of up to 90 W m–2 in the 
regional mean daily surface solar irradiance27,73. Couvreux et al.74

show that the cloud radiative errors are already established a�er a 
few days’ simulation time and seem to be related to the complex 
local energy balances and boundary-layer processes rather than 
large-scale advection18. �ese errors may therefore be related to 
problems with the model parameterizations of convection and the 
boundary layer, demonstrating the challenge of realistically repre-
senting cloud–aerosol e�ects in this region in models.

For convective clouds, modelling studies have shown that aero-
sol e�ects are typically more important in situations with relatively 
low convective available potential energy75, as is o�en the case along 
the Guinea Coast. Detailed mechanisms have been proposed for 
single clouds, such as the concept of convective invigoration63 that 
links increased aerosol loading to deeper, more vigorous convec-
tion by chaining together a number of physical processes. However, 
breaks in that chain or di�erences introduced by considering addi-
tional physical processes such as entrainment, downdra� produc-
tion and aerosol radiative interactions can even lead to suppression 
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of convection76. Again, ideas and results based on single clouds 
may not translate to results for cloud �elds, because the evolution 
of the thermodynamics and aerosol environments is more com-
plex and allows interactions between clouds to occur65. For exam-
ple, some recent studies have shown that precipitation rates can be 
fairly robust to aerosol changes in some situations, even though the 
aerosols may still a�ect the microphysical and radiative properties 
of the clouds77,78. Nevertheless, changes to deep convective clouds 
from increased aerosol loads over West Africa have some potential 
to a�ect the distribution and intensity of precipitation, on which the 
population relies. �ese changes may modify the monsoon circu-
lation through changes to tropospheric heating and by modifying 
upper- and mid-level clouds that are formed via detrainment79,80. 
E�ects are likely to change as the character and organization of con-
vection changes through the monsoon. None of these ideas has ever 
been tested for the polluted parts of West Africa.

Future perspectives
In many ways, the atmosphere above West Africa is still one of the 
least studied and understood on the planet, yet it plays a central role 
in determining the health and economic well-being of a large and 
increasing population. Given experiences in other densely populated 
monsoon areas in India and East Asia, we argue in this Perspective 
that more e�ort is needed to improve our understanding of the impact 
of air pollution on climate in West Africa and its importance relative 
to regional e�ects of global climate change as well as e�ects of land-
use and land-cover changes. Progress is currently hampered by a lack 
of appropriate meteorological and compositional observations, and 
statistical information on emission patterns to enable research into
the complex interplay between pollutants, their secondary chemistry 
and changes to meteorology and climate across a range of spatial and 
temporal scales.

Fully coupled chemistry–aerosol–climate models are needed to 
advance our process understanding, to estimate the importance of 
air pollution relative to other climate drivers and to assess impacts of 
di�erent future scenarios and mitigation pathways. But substantial 
model errors still exist with respect to key features of the West African 
monsoon81–83, leading to a lack of skill in seasonal prediction84,85 and 

to large intermodel spread and low con�dence in climate projections, 
especially for precipitation86–88. Despite signi�cant advances, for exam-
ple as part of the AMMA30 project83,89,90, some well-known model 
errors remain, such as those associated with the radiative imbal-
ance in the area of the summertime Saharan heat low over Mali and 
Mauritania91, the representation of deep convection in the Sahel and 
its e�ects on the monsoon79,80,92, air–sea interactions over the tropical 
eastern Atlantic Ocean93, and low- and mid-level cloudiness in south-
ern West Africa27,73. De�cits in the meteorological models in�uence 
the simulated distribution of pollutants through transport, mixing 
and removal processes and therefore contribute to uncertainties in the 
coupled meteorology–chemistry system31.

To overcome these di�culties, several important steps are proposed:

•	 Re�ne emission inventories and scenarios. �is requires a tar-
geted source speci�cation and key emission factor measurements, 
particularly for unique sectors such as West African oil exploration, 
tra�c or waste burning. Better statistical data on aspects such as 
fuel consumption (vehicle fuel, wood, charcoal and others) are also 
needed to scale the measurements up to national level. Together 
these data should be fed into emission inventories and used for the 
development of future scenarios.

•	 Monitor air pollution. An extension of the existing network of 
long-term parallel observations of air pollution (with key atmos-
pheric composition parameters in both the gas and aerosol phase) 
and epidemiological and biological studies at the source level in 
selected urban sites is needed for an assessment of health issues 
related to air pollution in addition to, for example, the rural IDAF 
network. Results from such assessments can demonstrate potential 
bene�ts from emission regulations on both health and climate.

•	 Improve availability of meteorological observations. �is 
requires that observations of standard meteorological parameters 
(precipitation, cloud cover, temperature, humidity, wind and radia-
tion) from existing networks, usually operated by national weather 
services, are made available to the research community more sys-
tematically and if possible in real time. �is should also include 
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indicated in each case. Data from ref. 14. b, A typical source of pollution in West African cities: two-wheeled taxis (photo courtesy of Benjamin Guinot).
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upper-air information from radiosondes and pilot balloons94 and 
would ideally be accompanied by an enhancement of existing 
measuring capabilities, particularly of radiation, precipitation and 
clouds. Digitization of observational records only existing on paper 
would further enhance the data availability for long-term studies.

•	 Conduct targeted international �eld campaigns in West 
Africa. Sophisticated ground-based and airborne instrumenta-
tion for atmospheric dynamics (particularly diurnal evolution 
of the boundary layer and associated cloudiness), composition 
(particularly secondary aerosol formation from anthropogenic 
and biogenic emissions), cloud microphysics (characteristics of 
low-level liquid clouds and transition to deeper clouds) and radi-
ation (both aerosol direct and cloud e�ects) should be employed. 
�e data, together with models, should be used to reduce uncer-
tainty in our understanding of the complex interplay between 
meteorology, atmospheric chemistry and clouds. Such a cam-
paign is currently planned for June–July 2016 as part of the 
EU-funded ‘Dynamics-Aerosol-Chemistry-Cloud Interactions 
over West Africa’ (DACCIWA) project95.

•	 Enhance reliability of satellite data. Every remote-sensing 
product needs ground truth to assess its reliability. �e lack of 
adequate surface-based observations in West Africa currently 
impedes a rigorous assessment of the quality of satellite products. 
�e steps outlined above, together with an enhanced network of 
ground-based Sun photometers, would greatly increase the pos-
sibility of generating West-Africa-speci�c evaluations of satellite 
products and of improving existing and future retrievals. �is 
should include both meteorological parameters (for example the 
new Global Precipitation Mission) and compositional parame-
ters (for example the new high-resolution sensors on the Sentinel 
series of satellite missions, part of the European Space Agency’s 
Global Monitoring for Environment and Security programme).

•	 Improve the representation of the West African mon-
soon system in numerical models. New and better obser-
vations should be used to evaluate and further develop 

coupled meteorological/atmospheric chemistry models used for 
predictions of air-quality, weather, seasonal and climate signals. 
�is will require coordinated e�orts from both academic and 
operational institutions, for example the IMPALA (Improving 
Model Processes for African Climate) project within the Future 
Climate for Africa (FCFA) programme. Recent developments 
in computing power are now enabling high-resolution simula-
tions (around kilometre scales) to be performed over relatively 
large spatial domains for long periods. �is allows all processes, 
from city-scale emissions of pollutants, to their chemistry, 
explicit resolving of cloud processes and the resultant impacts 
on meteorology, health, ecosystems and climate, to be examined 
seamlessly within a single model80. New developments in data 
assimilation including aerosol parameters also contribute to the 
identi�cation and reduction of model errors. It is hoped that 
such studies can in the long run improve the representation of 
salient features of the West African monsoon. A speci�c target 
for southern West Africa should be the summertime low-level 
stratus and warm rain showers that we hypothesize here to be 
susceptible to aerosol e�ects.

•	 Assess future impacts and mitigation pathways. New 
and improved models should be used to investigate possi-
ble future changes in the West African environment related 
to global climate change, regional land-use and land-cover 
change, and local to regional anthropogenic emissions in an 
integrated way. �ese models should also be used to explore 
mitigation pathways, for example through West Africa-speci�c 
emission regulations.

•	 Build local capacity. �is requires the training of the next gen-
eration of African climate scientists who will understand the 
complex interplay between natural and man-made, global and 
regional factors that a�ect the West African climate as well as 
socio-economic and political implications. A notable initiative in 
this direction, in addition to FCFA mentioned above, is the West 
African Science Service Centre on Climate Change and Adapted 
Land Use (WASCAL, www.wascal.org).
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�e steps outlined above require increased e�orts from the global 
climate research community to advance understanding of the mul-
tiple facets of the challenging problem of regional climate change in 
one of the most rapidly evolving regions of the world. Greater under-
standing should help to clarify the question of whether the steeply 
increasing short-lived anthropogenic constituents need to be consid-
ered for the more policy-relevant mid-term climate projection until 
the middle of the twenty-�rst century. �e next signi�cant challenge 
will then be to translate enhanced scienti�c understanding into policy 
reform on the city, regional, national and international levels. �is can 
only work in collaboration with African partners such as academic 
researchers, national weather services and government organizations.
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