
KIT – University of the State of Baden-Wuerttemberg  
and National Research Center of the Helmholtz Association www.kit.edu 

Dynamics-Aerosol-Chemistry-
Cloud Interactions in West Africa 
(DACCIWA) – An Introduction 

Peter Knippertz & the DACCIWA Team 



Institute for Meteorology and Climate Research 
Troposphere Research Department 2 Peter Knippertz: DACCIWA Introduction 

Outline 

•  WHO is DACCIWA?  

The 16 partners 

•  WHY DACCIWA?  

Motivation and background 

•  WHAT is DACCIWA going to do?  

Field campaign, modelling, data analysis, process understanding 

•  HOW is DACCIWA organised? 

Governance, workpackages, collaborations, timeline 



Institute for Meteorology and Climate Research 
Troposphere Research Department 3 Peter Knippertz: DACCIWA Introduction 

Who is DACCIWA? 
GERMANY 
– Karlsruher Institute für Technologie (KIT) 
– Deutsches Zentrum für Luft- und Raumfahrt (DLR) 
 
UNITED KINGDOM 
– University of Leeds (UNIVLEEDS) 
– University of York (UoY) 
– The University of Reading (UREAD) 
– The University of Manchester (UNIVMAN) 
– Met Office (MO) 
– European Centre for Medium-Range Weather 
   Forecasts (ECMWF) 
 
FRANCE 
– Université Paul Sabatier (UPS) 
– Université Pierre et Marie Curie (UPMC) 
– Université Blaise Pascale (UBP) 
– Université Paris Diderot (UPD) 
– Centre National de Récherche Scientifique (CNRS) with 
   Météo France (MF) 
 
SWITZERLAND 
– Eidgenössische Technische Hochschule Zürich  
   (ETH Zurich) 
 
WEST AFRICA 
– Kwame Nkrumah University of Science and 
   Technology (KNUST) 
– Obafemi Awolowo University (OAU) 
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Why DACCIWA? 
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Why DACCIWA? Southern West Africa 
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water resources (Kundzewicz and Döll 2009). Döll (2009) studies 
groundwater recharge for 2041–79 compared to the 1961–90 average 
using two climate models for the SRES A2 and B2 scenarios (global-
mean warming 2.3°C and 2.1°C respectively above pre-industrial 
levels). For both scenarios, Döll finds a decrease in recharge rates 
of 50–70 percent in western Southern Africa and southern West 
Africa, while the recharge rate would increase in some parts of eastern 
Southern Africa and East Africa by around +30 percent. Note that 
these increases might be overestimated, as the increased occurrence 
of heavy rains, which are likely in East Africa (Sillmann, Kharin, 
Zwiers, Zhang, and Bronaugh, 2013), lowers actual groundwater 
recharge because of infiltration limits which are not considered in 
this study. MacDonald et al. (2009) also note that increased rainfall, 
especially heavy rainfall—as is projected for East Africa—is likely to 
lead to contamination of shallow groundwater as water tables rise 
and latrines flood, or as pollutants are washed into wells.

Döll (2009) determine the affected regions in western South-
ern Africa and southern West Africa as highly vulnerable when 
defining vulnerability as the product of a decrease in groundwa-
ter recharge and a measure of sensitivity to water scarcity. The 
sensitivity index is composed of a water scarcity indicator as an 
indicator of dependence of water supply on groundwater and the 
Human Development Index.

The prospects of alleviating surface water scarcity by using 
groundwater are severely restricted for those areas where not only 
surface water availability but also groundwater recharge is reduced 
because of climate change (as is the case for western Southern 
Africa and southern West Africa) (Kundzewicz and Döll 2009).

Apart from uncertainty in precipitation projections in Döll (2009), 
which only used two climate models as drivers, sources of uncer-
tainty lie in the hydrological model used and the lack of knowledge 
about groundwater aquifers (MacDonald et al. 2009). A further 
uncertainty relates to changes in land use because of agriculture, 
which responds differently to changes in precipitation compared to 
natural ecosystems (R G Taylor et al. 2012). There is more certainty 
about rises in groundwater extraction in absolute terms resulting 
from population growth, which threatens to overexploit groundwater 
resources, particularly in semiarid regions where projected increases 
of droughts, as well as the projected expansion of irrigated land, 
is expected to intensify groundwater demand (Taylor et al. 2012).

Agricultural Production

Agriculture is often seen as the most weather dependent and 
climate-sensitive human activity. It is particularly exposed to 
weather conditions in Sub-Saharan Africa, where 97 percent of total 
crop land is rainfed (Calzadilla et al. 2009). Given that 60 percent 
of the labor force is involved in the agricultural sector, livelihoods 
are also exposed (Collier, Conway, and Venables 2008).

It is widely accepted that agricultural production in Sub-Saharan 
Africa is particularly vulnerable to the effects of climate change 
because of a number of environmental characteristics (Barrios, 
Outtara, and Strobl 2008). Sub-Saharan Africa is characterized by 
large differences in water availability because of the diversity of 
geographical conditions. While the tropics are humid throughout 
the year, rainfall in the subtropics is limited to the wet season(s). 
Further poleward, the semiarid regions rely on the wet seasons 
for water and, together with the arid regions, receive little runoff 
from permanent water sources. This is exacerbated by high tem-
peratures and dry soils, which absorb more moisture. Average 
runoff is therefore about 15-percent lower in Sub-Saharan Africa 
than in any other continent (Barrios et al. 2008). As the tropical 
regions are not suitable for crop production, crop production in 
Sub-Saharan Africa is typically located in semiarid regions. The 
same holds for livestock production, which for animals other than 
pigs, is not practiced in humid regions because of susceptibility of 
diseases and low digestibility of associated grasses (Barrios et al. 
2008; see Figure 3.12). This, taken together with the fact that less 
than 4 percent of cultivated area in Sub-Saharan Africa is irrigated 
(You et al. 2010), makes food production systems highly reliant 
on rainfall and thus vulnerable to climatic changes, particularly 
to changes in precipitation and the occurrence of drought.
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Why DACCIWA? Background and Motivation 

West Africa is a region affected by multiple stresses on food, water and health 
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Why DACCIWA? Climate Change 

Climate Extremes, Regional Impacts, 
and the Case for Resilience

Turn Down
 Heatth

e
June 2013

A Report for the World Bank by 
the Potsdam Institute for Climate 
Impact Research and Climate 
Analytics

Climate Extremes, Regional Impacts, 
and the Case for Resilience
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Why DACCIWA? Change in Heat Waves 

Turn Down The heaT: ClimaTe exTremes, regional impaCTs, anD The Case for resilienCe

_]P

even at present warming of 0.8°C above pre-industrial levels, the 
observed climate change impacts are serious and indicate how 
dramatically human activity can alter the natural environment 
upon which human life depends.

The projected climate changes and impacts are derived 
from a combined approach involving a range of climate models 

of varying complexity, including the state of the art Coupled 
Model Intercomparison Project Phase 5 (CMIP5), semi-empirical 
modeling, the “Simple Climate Model” (SCM), the Model for 
the Assessment of Greenhouse Gas Induced Climate Change 
(MAGICC; see Appendix 1) and a synthesis of peer reviewed 
literature.
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Large likelihood of unprecedented summer heat in 4° warmer world! 
 
This is due to low natural variations in the deep tropics. 

World Bank Report, 2013 
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Why DACCIWA? Aridity Change 
exeCutive summAry

_P_

practiced in Africa, providing a robust knowledge base and 
opportunity for scaled up approaches in this area.

Diversification options for agro-pastoral systems are likely 
to decline (e.g. switching to silvopastoral systems, irrigated 
forage production, and mixed crop-livestock systems) as climate 
change reduces the carrying capacity of the land and livestock 
productivity. For example, pastoralists in southern Ethiopia 
lost nearly 50 percent of their cattle and about 40 percent of 
their sheep and goats to droughts between 1995 and 1997.

Regime shifts in African ecosystems are projected and could 
result in the extent of savanna grasslands being reduced. By the 
time 3°C global warming is reached, savannas are projected 
to decrease to approximately one-seventh of total current land 
area, reducing the availability of forage for grazing animals. 
Projections indicate that species composition of local ecosystems 
might shift, and negatively impact the livelihood strategies of 
communities dependent on them.

Health is expected to be significantly affected by climate 
change. Rates of undernourishment are already high, rang-
ing between 15–65 percent, depending on sub-region. With 
warming of 1.2–1.9°C by 2050, the proportion of the popula-
tion undernourished is projected to increase by 25–90 percent 
compared to the present. Other impacts expected to accompany 
climate change include mortality and morbidity due to extreme 
events such as extreme heat and flooding.

Climate change could exacerbate the existing develop-
ment challenge of ensuring that the educational needs of 
all children are met. Several factors that are expected to 
worsen with climate change, including undernourishment, 
childhood stunting, malaria and other diseases, can under-
mine childhood educational performance. The projected 
increase in extreme monthly temperatures within the next 
few decades may also have an adverse effect on learning 
conditions.
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Risk of increased aridity, even in 2° warmer world! 
World Bank Report, 2013 

+2°C +4°C 

   Yield reduction, shift of ecosystem boundaries (also due to CO2)  
 Impacts on food security, poverty reduction, health, economic growth 
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Why DACCIWA? Precipitation Change Final Draft (7 June 2013) Chapter 14     IPCC WGI Fifth Assessment Report 

Do Not Cite, Quote or Distribute 14-139 Total pages: 145 

 

 
 
Figure 14.23: Maps of precipitation changes for Africa in 2080–2099 with respect to 1986–2005 in June to September 
(above) and December to March (below) in the SRES A1B scenario with 24 CMIP3 models (left), and in the RCP4.5 
scenario with 39 CMIP5 models (middle). Right figures are the precipitation changes in 2075–2099 with respect to 
1979–2003 in the SRES A1B scenario with the 12 member 60 km mesh MRI-AGCM3.2 multi-physics, multi-SST 
ensembles (Endo et al., 2012). Precipitation changes are normalized by the global annual mean surface air temperature 
changes in each scenario. Light hatching denotes where more than 66% of models (or members) have the same sign 
with the ensemble mean changes, while dense hatching denotes where more than 90% of models (or members) have the 
same sign with the ensemble mean changes. 
 

Draft of IPCC Report, 2013 

Models struggle to realistically reproduce the West African monsoon (WAM) 

Final Draft (7 June 2013) Chapter 14     IPCC WGI Fifth Assessment Report 

Do Not Cite, Quote or Distribute 14-139 Total pages: 145 

 

 
 
Figure 14.23: Maps of precipitation changes for Africa in 2080–2099 with respect to 1986–2005 in June to September 
(above) and December to March (below) in the SRES A1B scenario with 24 CMIP3 models (left), and in the RCP4.5 
scenario with 39 CMIP5 models (middle). Right figures are the precipitation changes in 2075–2099 with respect to 
1979–2003 in the SRES A1B scenario with the 12 member 60 km mesh MRI-AGCM3.2 multi-physics, multi-SST 
ensembles (Endo et al., 2012). Precipitation changes are normalized by the global annual mean surface air temperature 
changes in each scenario. Light hatching denotes where more than 66% of models (or members) have the same sign 
with the ensemble mean changes, while dense hatching denotes where more than 90% of models (or members) have the 
same sign with the ensemble mean changes. 
 

Multi-model mean  
shows slight increase 
 
No hatching indicates 
low confidence 
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Why DACCIWA? Background and Motivation 
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Why DACCIWA? Large decadal variability 

Standardized 
precipitation  
indices 

from Fink et al. 2010 
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Why DACCIWA? Background and Motivation 

West Africa is a region affected by multiple stresses on food, water and health 
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Why DACCIWA? Population Increase & Urbanisation 

I-2.1 Impacts of Global Change south of the Sahara 17

2

as much as for the entire African continent (UNEP 2008). In the Sahel, overgraz-
ing (see fig. I-2.2.1) and periodic droughts reduce the vegetation cover, thereby in-
creasing soil erosion by water and wind. This second land degradation process is 
often called desertification.

Water resources are under increasing pressure in sub-Saharan Africa, which is due 
even more to population development than to Climate Change. Water availability 
is often calculated per capita with a threshold of 1,700 m3/capita/a as water stress. 
increase (see fig. I-2.1.3). In the future, increasing water abstraction will cause 
problems for downstream riparian communities and ecosystems, not only at the 
national, but also the trans-boundary scale. As an example, Lake Chad has dramat-
ically decreased in size since the 1960s by more than 90% due to human water ab-
straction and Climate Change (Batello et al. 2004). This has caused tremendous 
effects on living conditions at the lake, like fishing and farming, and it has en-
dangered the ecosystem. Global Change will further enhance these problems, and 
a solution requires trans-boundary basin management strategies. Both water quant-
ity and quality are deteriorating. Poor land use practices have resulted in saliniza-
tion, pollution of rivers, and sedimentation.

!"#$%&'($)$)*%+,-.#/%".%0,/%12-30"4.%41%252-6%04%040-6%74756-0"4.%-.8%".32/-9/%".%.5:;/2%-.8%
9"</%41%3"0"/9*%=->%)?@AB%=;>%)??AB%-.8%=3>%(A(A%=C4523/*%D+EFGC'CFG+HED+I%(AA@>$

UN 2011: 
 
Current: 345M 
+50% in next 20 yrs 
Reach 743M in 2050 
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Why DACCIWA? Background and Motivation 

West Africa is a region affected by multiple stresses on food, water and health 
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Land-use Changes in Sub-Saharan Africa 

•  Substantial loss of 
biomass and 

biodiversity 

•  Shrinking forests along 
with expanding 

croplands, especially 
in the savannah 

regions of West Africa 

Source: Born, IMPETUS  
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Why DACCIWA? Background and Motivation 
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Why DACCIWA? Economic Growth 

 34

Graph  4:   Growth Rate and Economic Weight in GDP according to Country, within the 

ECOWAS Zone 

 
 
 

Countries' economic weight in subregional GDP, constant price 
2000 (%)

Nigeria, 60.5

Cote d'Ivoire, 8.9

Ghana, 6.5

Senegal, 4.7

Others, 19.5

 

UN Economic 
Commission for 
Africa, 
2010 
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Why DACCIWA? Background and Motivation 

West Africa is a region affected by multiple stresses on food, water and health 
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Why DACCIWA? Air pollution 

-  increased emissions 
-  outdated technology  
-  intense photochemistry  
-  source mixing 

 Respiratory deseases 
 Increased cancer burden 

Dust 

Domestic fires 
Traffic 

Savanna fires 

Traffic and Domestic fire emissions:  
Assamoi and Liousse 2010, Liousse et al., 2013 
Savanna fires: Liousse et al. 2010 
Dust: Marticoréna et al. 

Flaring 
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Why DACCIWA? Increase in road traffic 

CHAPTER 2 - AFRICA 

33 

inventory are different from ACCMIP and RCP global inventories, especially for organic carbon 
particles [Lamarque et al., 2010]. In 2005 and 2030, mean OC estimates are higher by at least a 
factor 2 in the regional inventory versus ACCMIP/RCP inventories. Such investigations still need 
further development. Indeed, a study on traffic intensity in Burkina Faso for the period 2001 to 
2020 has shown that vehicle inventories (cars and motorbikes) are evolving very rapidly from 2001 
to 2005 (Figure 4).  In Lagos (Nigeria) also, more information is now available for road 
transportation with details on gasoline and diesel consumption by types of vehicles (motorcycles, 
light duty trucks, cars and heavy duty trucks). Such examples underline the urgent need to fully 
collect regional fuel data in every West-African country. 
 

 
 

Figure 4 - Evolution of the number and composition of the pool motor vehicles in Burkina Faso 

 
This work has also shown that all sources present in West Africa are not well characterized. 

That is the case for air transport and the small industries sector in Nigeria and, more importantly 
and generally, in West Africa, emissions from unpaved roads, waste management and burning 
(such as electronic wastes) and processing of used lead batteries.  
 
2.2.3 Atmospheric pollution 
 
Unexpected high pollution 

Unexpected high pollution levels have been recently measured at traffic sites in West 
African megacities in the frame of IGAC DEBITS in Africa (IDAF) and Pollution des Capitales 
Africaines (POLCA) programmes.  NO2 and PM2.5 concentrations have been found to be particularly 
high in many cities (Figure 5 and 6), much higher than WHO norms [Liousse and Galy-Lacaux, 
2010; Doumbia et al., 2012]. This has been confirmed with more details in Dakar and Bamako. For 
example, Figure 7 shows the annual NO2, HNO3 and SO2 concentrations in Dakar and Bamako, 
which are much higher than at the rural site of Katibougou (Mali) [Yoboué et al., 2012]. Another 
example given in Table 2 shows that black carbon pollution measured in West Africa is of the 
same order of the rest of the world. Note that the high PM2.5 concentrations reported in Doumbia et 
al. [2012] were also obtained in Guerreiro et al., [2005] and Dieme et al. [2012] in Dakar. Finally, 
studies in Ouagadougou in December 2007 and April 2010 and in Abidjan in January 2008 by 
Linden et al. [2012] and Kouassi et al. [2010] show urban centers, urban residential, suburban 
residential and industrial sites have exceptionally high concentrations of gases and particles. PM10 
mass concentrations found in Ouagadougou, for example, also largely exceed WHO 2006 air 
quality guideline. 
 
 

 

GAW Report 
No. 205, 2012 
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Why DACCIWA? Increase in emissions CHAPTER 2 - AFRICA 

34 

 

 
 

Figure 5 - NO2 measurements in African capitals [Liousse and Galy-Lacaux, 2010].  
(Also shown in Chapter 7 as Figure 15) 

 
 
 
 
 
 

 
 
 

Figure 6 - Monthly PM2.5 concentrations in Dakar (from June 2008 to May 2009) [Doumbia et al., 2012]  
(Also shown in Chapter 7 as Figure 16) 

 
 
 
 
 

GAW Report 
No. 205, 2012 

Pollutants have tripled from 1950–2000 and are expected to triple again by 2030 
(Lamarque et al. 2010, Liousse et al. 2013) 
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CHAPTER 1 - INTRODUCTION 

8 

There is a need for further research on OA in order to reduce uncertainty of the role of aerosol in 
human health and climate.   
 

 
 

Figure 5 - Sources of atmospheric aerosol [http://www.ems.psu.edu/~lno/Meteo437/Figures437.html] 
 

 
 

 
 

Figure 6 - Average aerosol mass concentration and chemical of composition measured with an AMS  
at multiple locations in the Northern Hemisphere. [Zhang et al., 2007] 

 
 

Why DACCIWA? Secondary aerosol formation 
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Why DACCIWA? Aerosols, clouds & radiation 

IPCC draft, 2013 
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Solar radiation    
Terrestial radiation    
Surface-cloud couplings  important for rapid-adjustments 

IPCC draft, 2013 

Why DACCIWA? Aerosols, clouds & radiation 
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How well do we monitor this? 
 
How well can we model this? 
 
How well do we understand the mechanisms? 
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Why DACCIWA? Observational network 

Networks that go beyond standard meteorological parameters are very sparse! 
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Source: Paeth et al. 2011 

Precipitation trends from 2000 to 2050 

Why DACCIWA? Predicting the WAM 
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Main players of the WAM: the equatorial cold tongue 

from AMMA 
press material 

New FP7 consortium PREFACE! 
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Main players of the WAM: the Saharan heat low 

Source: Fink et al., 2014, 
adapted 

Focus of recent  
project 
FENNEC 
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Main players of the WAM: Sahelian convection 

from Guichard/
Kergoat (AMMA) 

Focus of AMMA 
programme 
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A new player? Monsoonal stratus 

Meteosat RGB composite & SYNOP low-cloud cover 20 Aug. 2006 

Knippertz et al. 2011 
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Stratus Occurrence Frequency 

Source: van der Linden et al., 
2014, in preparation 

10 UTC 
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Difficulties to simulate low-level clouds in WAM 

Mean summer (JAS) vertical profile of cloud cover IPCC models 

Knippertz et al. 2011 
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What is DACCIWA 
going to do? 
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DACCIWA Focal Points 

Concentrate on: 
  
•  southern West Africa (SWA; large 

increase in population and emissions) 
 
•  summertime (monsoon season, 

stratus and warm-rain showers) 
 

 ideal natural laboratory  

•  impacts on human health in cities directly affected by pollution increase 
 
•  impacts on ozone concentrations downwind, which affect health of rural 

population, agricultural productivity and ecosystem health 

•  impacts on aerosol generation and associated modification of regional 
weather and climate (clouds, precipitation, radiation, monsoon circulation) 
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DACCIWA Objectives in brief 

1)  Quantify atmospheric composition 

2)  Assess impact on human and ecosystem health and agricultural productivity 

3)  Quantify coupling between aerosols and cloud and raindrops  

4)  Identify controls on low-level stratiform clouds 

5)  Identify controls on precipitation 

6)  Quantify impacts on radiation and energy budgets 

7)  Evaluate and improve models and satellite retrievals 

8)  Analyse effect on West African monsoon circulation and water budget 

9)  Assess socio-economic implications of future changes  

10) Effectively disseminate research findings and data 
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The DACCIWA field campaign (June–July 2015) 

Base: Cotonou, Benin 
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The DACCIWA field campaign (June–July 2015) 
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The DACCIWA field campaign (June–July 2015) 
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KITcube, ein mobiles High-Tech-Messfeld zur detaillierten Untersuchung von atmo-
sphärischen Vorgängen. (Foto: KIT) 
 

Das modernste Messfeld Europas für die Atmosphärenfor-
schung nimmt am 15. November in Hatzenbühl/Pfalz seinen 
Betrieb auf: Neuartige und bewährte Messgeräte können auch 
atmosphärische Extremsituationen wie Gewitter,  Starkregen 
oder Winterstürme direkt verfolgen. Durch die Ergebnisse wer-
den Wettervorhersagen und Klimamodelle verbessert. Vertreter 
der Medien sind zur Einweihung des KITcube am 15.11.2011 ab 
11.00 Uhr herzlich eingeladen. 
 

Mit KITcube wird die Atmosphäre in einem Würfel (engl. cube) von 
10 Kilometern Kantenlänge vollständig und hochaufgelöst vermes-
sen. Hohe Messmasten von 30 Meter Höhe, Radar, Lidar (eine Art 
Radar mit Licht), Messgeräte für atmosphärische Turbulenz und alle 
relevanten meteorologischen Parameter sind in KITcube integriert. 
„Mit    Unterstützung  der  Helmholtz-Gemeinschaft und aus KIT-Mitteln 

Neue Großanlage für die Unwetterforschung 
KIT nimmt KITcube in Betrieb 

Presseinformation 
Nr. 166 | jh | 09.11.2011 

 

Supersite Kumasi (Ghana) 
          Supersite Savé (Benin) 
                            Obafemi Awolowo University  
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Re-activation of AMMA radiosonde stations at the Guinea Coast 

after Schuster et al. 2013 

The DACCIWA field campaign (June–July 2015) 
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Long-term monitoring: air pollution and health data 

Cotonou (Dantokpa) fuels 

Abidjan (Côte d’Ivoire) with local partners 
          Cotonou (Benin) with local partners 
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Long-term monitoring of precipitation around Kumasi 

Agromet (KNUST Campus) 
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Long-term monitoring: data digitisation 

Collaboration with 
West African  
weather services: 
 
-  Nigeria 
-  Benin 
-  Ghana 
-  Côte d’Ivoire 
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Long-term monitoring: satellite data 

 Data from various sources will be combined to DACCIWA climatology! 

 DACCIWA field campaign data will be used to evaluate recently launched and 
future satellite retrievals (e.g., NPP, Megha-Tropiques, GPM) 

Cloud& Aerosol&

Passive&
sensors&

Ac1ve&
sensors&

courtesy)of)NASA))

Precipita1on&

Radia1on&
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DACCIWA Modelling – Overview 
Model Run)by) Run)in) Period Grid0spacing Meteorology Chemistry+aerosol)species
RESEARCH)MODELS

NCAR)LES UPS WP1 IOP 10)m)to)100m Idealised

Just)meteorology)(may)be)possible)to)add)

chemistry)

UKMO)LES UNIVLEEDS WP1 IOP 10m)to)500m Idealised Just)meteorology)+)idealised)tracers

RegCM4 UPS WP2 Extended 1H50km Regional

aerosol)and)gasHphase)

chemistry/exposure/doses/imapcts

UM0UKCA UNIVLEEDS WP4 IOP 100m)to)40km Online,)nested

UKCA)chemistry)+)multiHmoment)bulk)aerosol),)

many)runs)may)be)online)aerosol)with)offline)

chemistry

COSMO0ART/M7 KIT,)ETHZ WP4)&)3 IOP Online,nested

Chemistry+aerosol,)gases)and)aerosols)fully)

interactive)with)radiationa)nd)cloud)pshyics

Chimere UPMC WP3+4 Extended

regional)(10H

50km) Regional)with)WRF

GasHphase)and)aerosols)(bins)resolved,)anthro.,)

bio,)dust,)fires)

Bin0LES UNIVLEEDS WP4 IOP)cases 10)m)to)500m Idealised Bin)resolved)aerosol)+)clouds

Radiative)transfer)model UREAD WP5

IOP)cases)and)

Extended 200)m)to)40)km 1D)and)3D meteorology)+aerosol)+)cloud

Meso0NH UPS WP3)+)6 IOP)cases 100)m)to)1km) Online,)nested Chemistry)+)idealised)tracers

WRF KIT WP6

IOP)cases)+)

summer)2015 3)km

regional,)selfHnested,)

forced)with)ECMWF)

analysis) N/A

UM UNIVLEEDS WP7 Extended regional+global Global+nested UKCA)or)none

ECMWF)0)MACC ECMWF WP7 Extended global global) Aerosol)and)recative)gases

ECHAM ETHZ WP7 Extended global global

Geos0Chem UoY WP3 IOP+extended Global+regional Offline,)nested)chem+Aerosol

FORECAST)MODELS
UM MO Global)+)nested? Dust

ECMWF0MACC ECMWF Global)) Aerosol)and)reactive)gases
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DACCIWA Modelling – High-resolution on large domains Example fields at ~1km alt. from ICE-T simulation in Carribbean. dx=1km, domain size ~500km

Shipway, Hill, Field

Courtesy 
of Paul  
Field, MO 



Institute for Meteorology and Climate Research 
Troposphere Research Department 48 Peter Knippertz: DACCIWA Introduction 

How is DACCIWA 
organised? 



Institute for Meteorology and Climate Research 
Troposphere Research Department 49 Peter Knippertz: DACCIWA Introduction 

Advisory)Board)
Chair:'Peter'Lamb'(SCARIC'project)'

Representa:ves'from'African'governmental'
authori:es,'opera:onal'modelling'and'satellite'

centres'&'partner'projects'

General)Assembly)
Led'by'the'Project'Coordinator'

One'representa:ve'from'each'par:cipant''
'

EC#European#
Officer#

Strategic)Level)

Opera/onal)Level)

Steering)Commi6ee)
Project'Coordinator,''

WP'Leaders'

Dissemina8on)
Team)

Researchers'(WP8))

Management)Support)Team)
Project'Coordinator,'Project'Manager,'Finance'Administra:on'

(WPs'9'&'10)'

Beneficiary/User)Level)

Modelling#
Centres#

Satellite#
Centres#

Policy#Makers#
(Europe/Africa)#

African#Weather##
Services#&#
Researchers#

InternaDonal#
Programmes#

(e.g.#WCRP,#IGBP)#
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The DACCIWA Workpackages 

DACCIWA 

DACCIWA 

Latitude 

WP2 

WP3 

WP1 

WP5 
WP7 

WP6 

WP4 

W P s  9 & 10  –  S c i e n t i f i c   a n d    G e n e r a l   M a n a g e m e n t  

W P 8  –  D i s s e m i n a t i o n ,   K n o w l e d g e   T r a n s f e r   a n d   D a t a   M a n a g e m e n t  
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WP1: Boundary Layer Dynamics  
Leader: Norbert Kalthoff (KIT) 
Participants: KIT, UNIVLEEDS, UPS, OAU, KNUST  

Main Tasks and Deliverables 
-  Plan, install and operate ground sites 
-  Postprocess data 
-  Large-Eddy simulations 
-  Model evaluation 
-  Conceptual model development 
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WP2: Air Pollution and Health 
Leader: Cathy Liousse (UPS) 
Participants: UPS, UoY, UPMC, UPD 
+ University Houphouët Boigny, Abidjan, University of Cotonou  

Main Tasks and Deliverables 
-  Emission inventories and scenarios (traffic, domestic …) 
-  Air pollution and health modelling 
-  Long-term measurements 
-  Census of respiratory diseases (epidemiology) 
-  Toxicological effect of combustion aerosol 
-  Inflammation risk maps 

Liousse et al., 2013 
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WP3: Atmospheric Chemistry 
Leader: Celine Mari (UPS) 
Participants: UPS, UoY, ECMWF, KIT, ETHZ, UPMC, UNIVMAN  

CHAPTER 1 - INTRODUCTION 

6 

Equations 1.5 show the simplest pathway, the formation of O3 during the oxidation of CO.  In 
addition, ozone and its precursors from large urban areas can be transported on hemispheric 
scales in the free troposphere and increase background levels of surface ozone such that the 
hemispheric transport may offset local mitigation strategies to reduce ozone levels [Jacob and 
Winner, 2009].  To fully understand the tropospheric O3 budget, a quantitative understanding of the 
identity and sources of its precursors, the numerous chemical reactions that constitute the 
atmospheric VOC oxidation processes, and transport processes that control background ozone 
and its precursor levels as well as stratospheric/tropospheric exchange must be incorporated into 
atmospheric models. Finally, tropospheric ozone is also a radiatively active trace gas, and thus 
impacts climate at regional and global scales. 
 

 
 

                                     (eq. 1.5) 
 

 
 

 
 

 
Figure 4 -  Physical and chemical processes affecting tropospheric ozone 

[http://www.globalchange.umich.edu/gctext/Inquiries/Inquiries_by_Unit/Unit_9.htm] 
 
 
 

Main Tasks and Deliverables 
-  Plan, install and operate field campaign 
-  Multi-scale modelling (LES-global) 
-  Modell assessment and validation 
-  Synthesis of field measurements 
-  Impacts on radiation 
-  Impacts on public health and ecosystems 
-  Future scenarios 

Focus on short-lived pollutants:  
ozone and aerosols 
Contrast emissions (anthropogenic,  
biogenic, biomass burning, ship plume, ...) 
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WP4: Cloud-Aerosol Interactions 
Leader: Hugh Coe (UNIVMAN) 
Participants: UNIVMAN, UNIVLEEDS, KIT, DLR, UPMC, UBP, 
                     MO, ECMWF, ETHZ, CNRS  

Main Tasks and Deliverables 
-  Plan, install and operate field campaign 
-  Evaluate existing models 
-  Synthesis of field measurements 
-  Process model studies 
-  Regional modelling 

Coupled gas 
phase-aerosol 
scheme, 
considering 
activation. 

Growth of 
variable habit 
ice mass-bins 
using moving 
centre grid 

Growth of 
precipitation 
mass-bins 
using moving 
centre grid 

ADDEM: 
detailed aerosol 
thermodynamics 

Process driven studies: ACPIM trajectory model 
ACPIM (Aerosol-Cloud-Precipitation Interactions Model) Manchester: 
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WP5: Radiative Processes 
Leader: Christine Chiu (UREAD) 
Participants: UREAD, ECMWF, MO  

Main Tasks and Deliverables 
-  Multi-satellite climatology 
-  Retrievals from field campaign data 
-  Evaluate current and future satellite products 
-  Aerosol and cloud radiative effects 
-  Model evaluation 

Cloud radiative effect (W m–2) 

Be/er)es0mates)of)aerosol)and)cloud)radia0ve)effects)from)combined)DACCIWA)and)satellite)obs.))

courtesy)of)NASA))
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WP6: Precipitation Processes 
Leader: Andreas Fink (KIT) 
Participants: KIT, UNIVLEEDS, UPS, KNUST, OAU, UNIVMAN  

Main Tasks and Deliverables 
-  Radiosonde campaign 
-  Rainfall types 
-  Role of land-sea breeze 
-  Monsoon-season climatology 
-  Case studies 
-  Model assessment of warm rain 
-  Evaluation of satellite rainfall products 

Some images here?!?? Interaction between westward 
propagating Mesoscale Convective 
Systems (MCS), land-sea breeze and 
polluted coastal air not well understood 

Source: SAFNWC/van der Linden/Fink 
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WP7: Monsoon Processes 
Leader: Peter Knippertz (KIT) 
Participants: KIT, ECMWF, ETHZ,  
                     KNUST, OAU, MO  

Main Tasks and Deliverables 
-  Digitisation of station data 
-  Forecasts for field campaign 
-  Forecast evaluation 
-  Model evaluation 
-  Sensitivity experiments 
-  Scenario simluations 

Mean summer (JJA) solar irradiance 
from satellite and ground stations (top) 
and CMIP3 models (bottom) 
(from Knippertz et al. 2011) 

satellite 

climate model 
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WP8: Dissemination, Knowledge Transfer & 
Data Management 
Leader: Mat Evans (UoY) 
Participants: UoY, KIT & all others 

Main Tasks and Deliverables 
-  Website, newsletter, content 
-  Media communication,  

press releases 
-  Overview article 
-  Special sessions 
-  Special issue 
-  Stakeholder database 
-  Policy briefs 
-  Workshops 
-  Education 
-  Technical reports 
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WP9: Scientific Management 
WP10: General Management 
Leader: Peter Knippertz (KIT) 
Project Manager: Roswitha Marioth (KIT) 

Main Tasks and Deliverables 
-  Activity management 
-  Exchange with scientific partners 
-  Meeting organsisation 

 
-  Internal communication  

(Share point) 
-  Financial management 
-  Legal management 
-  Reporting 
-  Gender equality 
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DACCIWA Technical Coordinators 

Purpose 
•  Facilitate the flow of information and interactions between WPs 
•  Coordinate logistical, technical and data-management requirements 

Areas 
•  Supersite Ghana: Barbara Brooks (UNIVLEEDS)  
•  Supersite Benin: Fabienne Lohou (UPS) 
•  Aircraft campaign: Cyrille Flamant (UPMC) 
•  Satellite data: Richard Alllan (UREAD)  
•  Modelling: John Marsham (UNIVLEEDS) 
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DACCIWA Advisory Board 
Related international programs 
•  Peter Lamb (designated chair) – Sahel Cloud-Aerosol-Radiation Interaction 

Campaign (SCARIC)    
•  Serge Janicot – African Monsoon Multiscale Analysis (AMMA) 
•  Ulrike Lohmann (BACCHUS) 
•  Markus Rex (StratoClim)   

Policy 
•  Georges Kouadio – Ministry of Environment, Health and Sustainable 

Development (Ivory Coast) 
•  TBD 

Satellite 
•  Christina Hsu – Suomi-NPP     
•  Walt Petersen – Global Precipitation Measurement (GPM)  

Modelling 
•  Leo Donner – Geophysical Fluid Dynamics Laboratory (GFDL)  
•  Sarah Jones – German Weather Service (DWD) (?)     
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Other International Collaborators 

European collaborators 
•  West African Science Service Center on Climate Change and Adapted Land 

Use (WASCAL)      
•  African Climate Exchange (AfClix) 
•  Institut de recherche pour le développement (IRD)     
  
African collaborators 
•  Direction de la Météorologie Nationale (Cote d’Ivoire)   
•  Ghana Meteorological Agency (Ghana)     
•  Direction Nationale de la Météorologie (Benin)  
•  Nigerian Meteorological Agency (Nigeria)     
•  AMMANET     
•  Université d’Abomey-Calavi (Benin)      
•  Pasteur Institute (Ivory Coast)    
•  Centre Suisse de Recherches Scientifiques en Côte d’Ivoire (CSRS) 
•  Ministry of Higher Education and Scientific Research (Ivory Coast) 
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Other International Collaborators 

Remote Sensing 
•  Satellite Application Facility on Climate Monitoring (CM-SAF)   
•  University of Wisconsin (CloudSat group)     
•  Baseline Surface Radiation Network (BSRN)   
•  NASA Langley (CALIPSO group)    
  
Modelling 
•  National Center for Atmospheric Research (NCAR)    
•  Pacific Northwest National Laboratory (PNNL)   
•  NASA Goddard Institute for Space Science (GISS) 
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THANK YOU! 


