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Key Findings

7KH (8 IXQGHG SURMHFW "\QDPLFV $HURVRO &KHPL
‘HVW $IULFD '$&&,:$ SURGXFHG WKH PRVW FRPSUH
GDWDVHW RI WKH DWPRVSKHUH RYHU VRXWKHUQ :H
GDWDVHW LQ FRPELQDWLRQ ZLWK UHVXOWV RI QXP
IROORZLQJ FRQFOXVLRQV

Air pollution concentrations and sources Long-term outlook

* &8RQFHQWUDWLRQV RI VPDOO SDUWLFOHMPEHIXWRWHKNY RYFHHG VW $IULFD DUH SURMH
:RUOG +HDOWK 2UJDQL]DWLRQ OLPLWV LQVRRRWKWH U@ BFHVW GHSHQGLQJ RQ JHRJUDSKI
$IULFDQ FLWLHYV ORFDWLRQ HPLVVLRQ VFHQDULR DQG PRGHO |

© $QQXDO FRQFHQWUDWLRQ RI JDVHRXY SRQOWWP QWM GR FRWKUH FKDQJHV LQ UDLQID
FXUUHQWO\ H[FHHG DLU TXDOLW\ JXLGHRL QA BOW MRY M

WHUP SHDNV PD\
- BROOXWLRQ H[SRVXUH LQ WKH IXWXUH ZLOO E
© &RQFHQWUDWLRQV RI VPDOO SDUWLFORY, UL 6%(%(5' PriVE B8 KurRsSRIHOQLE HPLVVL

GU\ VHDVRQ SDWWHUQV RI WUDQVSRUW DQG GXVW HPLVVL
° 'XULQJ WKH UDLQ\ VXPPHU VHDVRQ VPRNH IURP UHV

LQ &HQWUDO $IULFD PDNH D VXEVWDQWLDO FRQWULEXWLRQ WR DLU

©* $Q DGHTXDWH DLU TXDOLW\ PRQLWRULQJ V\V\
Health impacts VRXWKHUQ :HVW $IULFD

¢ 7KH KLJK SDUWLFOH FRQFHQWUDWLRQV K8 PRWWRHBQRBVMPDO VWDWLRQ QHWZRUN L\
$IULFDQ FLWLHV SUHVHQW VXEVWDQWLB®VWVRY GIRVOXBEOHFQRMD D WXD\V DYDLODEOF
DQG LQWHQVLI\ FRPPRQ PHGLFDO SUREB®WHOOLWH REVHUYDWLRQV SURYLGH D ZHDC

« 7KH SROOXWLRQ LPSDFW LV VWURQJHVB&EXM) QWG PPIRIUH VB D V& R WL
GHSHQGV RQ SROOXWLRQ VRXUFH © &RPSXWHU PRGHOV VWLOO VWUXJJOH WR UHD

¢« 'RPHVWLF UHV DSSHDU WR EH WKH PRWWKHWLERRSFOHJVWD WRROSWKHULF G\QDPLFV DQG F
ULVN GXH WR H[WUHPH FRQFHQWUDWLR®& \OM $HOLF D E

* ORUH DHURVRO REVHUYDWLRQV LQFUHDVHG DFFHVV WR KHDOWK
VWDWLVWLFVY DQG DVVRFLDWHG VRFLRHFRQRPLF GDWD DUH QHHGHG

Emissions

- 6WDQGDUG JOREDO HVWLPDWHV RI KXPDQ HPLVVLRQV D
VLIQL FDQWO\ XQGHUHVWLPDWHG IRU VRXWKHUQ :H

* (PLVVLRQV RI SDUWLFOHY DQG RUJDQLF JDVHV I
VRXWKHUQ :HVW $IULFDQ FLWLHV DUH KLJKHU W
RWKHU ORFDWLRQV

° %XUQLQJ VHHPLQJO\ VLPLODU PDWHULDOV PD\ O
GLIITHUHQW HPLVVLRQV

* 7KH XQGHUHVWLPDWH LQ VRXWKHUQ :HVW &’
OLNHO\ OHDGVY WR DQ XQGHUDSSUHFLDW
DLU SROOXWLRQ

Pollution impacts on weather and climate

° $ IXUWKHU LQFUHDVH LQ PDQPDGH
‘HVW $IULFD ZLOO KDYH D VPDOO +
GXH WR WKH DOUHDG\ KLJK DHURYV

° $Q LQFUHDVHG DHURVRO DPRXQW L
ZOWHOU ORYLQJ SDLUWLFOHV Z1.OD L
VXQOLJKW UHDFKLOJ WKH (DUWKe\
FLUFXCDWLRG FCRXGV DCG SRVVL

* ORUH UKlVIiDUFK LV QAHGHG WR Eh
RI DCWKXURSRIHQLF SDUWLFORV L



Implications for policy

Improve air quality

* 5S5HGXFH HPLVVLRQV DVVRFLDWHG ZLWK GRPHVWLF EXUQL
JDV RU HOHFWULFLW\ ZRXOG KHOS WR DFKLHYH WKLV K

« BHGXFH ELRPDVV EXUQLQJ ORFDOO\ LQ :HVW $IULFD DQG
WR UHGXFH WKHLU HQRUPRXV UH HPLVVLRQV

- (VWDEOLVK UHJXODWLRQV WR UHGXFH WKH VXOIXU FRQW
WZR ZKHHO IRXU ZKHHO DQG KHDY\ JRRGV YHKLFOHYV

°* :RUN ZLWK 6DKHOLDQ FRXQWULHYVY WR UHGXFH ODQG GHJ

Improve emission inventories
« , PSURYH DFFHVV WR UHOLDEOH VRFLR HFRQRPLF GDWD I

* (QFRXUDJH VWXGLHV RQ UHJLRQDOO\ VSHFL F HPLVVLRQ
EXUQLQJ WUDQVSRUW DQG GRPHVWLF FRPEXVWLRQ

Improve observations

- ,QVWDOO QHWZRUNYV IRU ORQJ WHUP PHDVXUHPHQWYV RI
VXEXUEDQ DUHDYV

- 6XVWDLQ DQG H[SDQG QHWZRUNV IRU REVHUYDWLRQV RI
VWDWLRQV DQG ZHDWKHU EDOORRQV LQFOXGLQJ DQ D¢

- ODNH bOO WKHVH REVHUYDWLRQV DFFHVVLEOH WR WKH 1
IRUHFDVWLQJ DQG FOLPDWH FRPPXQLW\

Support research and capacity building

* )XQG DQG VXSSRUW IROORZ XS UHVHDUFK DFWLYLWLHV L
RSHQ TXHVWLRQV OHIW DW WKH HQG RI '$&&,:$

* 6XSSRUW EXLOGLQJ FDSDFLW\ LQ ZHDWKHU FOLPDWH DC

* 6XSSRUW LPSURYHPHQWY RI FRPSXWHU PRGHOV DQG VDV
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Introduction (KH HOG FDPSDLJQ

YXQGHG E\ & O IURP WKH (XURSHDQ &RPPLVVLRQeV )UDBHDOMRU FRPSRQHQW RI WKH SURMHFW zZDV WKH FROO|

SURJUDPPH WKH '"\QDPLFV $HURVRO &KHPLVWU\ &0O0RXG A OWKHUDWWRRQK/HIUH RY

HU WKLV REVHUYDWLRQ VSDUYV

‘HVW $IULFD '$&&,:$ SURMHFW LQYHVWLIJDWHG WKH SURFHVVHV FRQWUROOQO' 1 i ni

SROOXWLRQ DWPRVSKHULF FRPSRVLWLRQ ZHDWKHU D Q&uiF0 LB Wi\ RY H{WHORL
'HVW $IULFD DQG WKHLU LQ XHQFH RQ KHDOWK PHDVXUHPHQWV ZHUH PDGH IU
VXUIDFH PHWHRURORJLFDO VX
PHWHRURORJLFDO EDOORRQ C
WKUHH UHVHDUFK DLUFUDIW

DGGLWLRQ PHDVXUHPHQWYV R
ZHUH PDGH IURP DLU TXDOLYV

%] o

L
LT

T

g

The project website The project had partner and

http:/www.dacciwa.eu hosts collaborator institutions from
information about the project. Benin, Cote d’Ivoire, France,
The observational dataset is Germany, Ghana, Nigeria,
available from http:/baobab. SW.'tzerlafnd’ Togo and the
United Kingdom.
sedoo.fr/DACCIWA

B DACCIWA Partners and Collaborator countries
O DACCIWA Partner and Collaborator institutions

Figure.Xellow dots indicate
location of the DACCIWA partners
and collaborators. Shading shows
countries involved in the project.

¥,

Over the last 2 years DACCIWA
scientists have been analysing data
collected over West Africa from
HOG SURJUDPPHY DQG VDW
This document outlines their initial
policy relevant conclusions.

® AQsite V Supersite Sonde # Aircraft base  —— Flight area

Figure.2.ocation of measurement sites during the DACCIWA campaigns in 2016. Air Q
(AQ) sites measured the concentration of air pollutants. Supersites measured a range
meteorological and chemical parameters. Meteorological balloon sondes were release:
11 sites, partly in collaboration with West African weather services. Three research airc
based in Lomé (Togo) and sampled inside the red triangle.
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Figure ®bservations of PM2.5 collected by the
DACCIWA project from four sites in West Africa together
with equivalent measurements made in Europe and Asia.
Abidjan domestic burning site is indicative of an indoor
site other sites represent the outdoor concentration.
Dotted line indicates WHO annual standard, dashed line
WHO 24 hour standard. Data from non-African cities
comes frotip://www.who.int/phe/health_topic
outdoorair/databases/cities/en/
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Concentrations of small particles are
highest in the dry season.

7KH KLJKHVW PRQWKO\ 30 FRQFHQWUDWLRQV DU
GU\ ZLQWHU VHDVRQ )LJXUH 7KLV LV GXH v

RI HQKDQFHG GHVHUW GXVW IURP WKH 6DKF .
WKH EXUQLQJ RI VDYDQQDK DJULEXOWY *?"*?’
‘HVW $IULFD RQ WRS RI WKH ORFDO KXPD LW N
ZRRG EXUQLQJ HPLVVLRQV PD[LPL]JH LQ W '
VHDVRQ GXH WR OHVV HI FLHQW EXUQLQ

VHDVRQDOLW\ ZDV VHHQ IRU RWKHU SRO( Air pollution in southern West
African cities has a complex mix

IUR.P . UHV. LQ &HQWUDO SIULFD F the year, but is often above WHO
contribution to air pollution in southern S
West Africa. levels with implications for

&KDQJHV LQ WKH FLUFXODWLRQ DQG UDLY human health.

VHDVRQ UHGXFH WKH LPSDFW RI GHVHUW GX\v

Alir pollution
concentrations and sources + ,,

$LU SROOXWLRQ LV D NH\V JOREDO ULVN ZLWK WKH :RUO G tildepWUY wrUnkR £&bWvRIW RXWkHUG HZW siu. S XUH
HVWLPDWLQJ PLOOLRQ SHRSOH D \HDU G\LQJ SUHPDWXUSHF@WPLEJCRF’QE"U*M"DWE[\)%\;USF OO XARVHPH Pevy LY

GXFHG IURP WKHVH &HQWU ?_IUHV DQG WUDQVSRUWHG

DLU '$&&,:$ PDGH REVHUYDWLRQV IURP WKH JURXQG DQG |Udp wiKuRbU WR PHDVXU
WKH FRQFHQWUDWLRQV DQG VRXUFHV RI DLU SROOXWD/(

100

40
[0 Abidjan Waste Burning Site

I Abidjan Traffic Site

i i i & Cotonou Traffic Site 4 s

Concentrations of small particles frequently Annual concentration of gaseous pollutants 5 g

. . . . . . . Q

exceed WHO limits in southern West do currently not exceed air quality guidelines 60 2 s
African cities. but short term peaks may. 3 32

N
o

OHDVXUHPHQWY RI VPDOO SDUWLFOHV VMRVBHQGHE® [RE WHH YDIWL RQR BR QRW H[LVW IRU JDVH
DV 30 ZHUH PDGH LQ WKH FLWLHV RISSEQGNDQ OWB RARRIDPRY G M OGHI1IGLR[LGH

=20 0 20 40 60 20 40 60

ean PM, s / ug m~3

Longitude / degrees east Longitude / degrees east
>>MRVVRX HW DO @ 7KH VLWHYV ZHUG62F QRVWHRW R RHDWIQR UHWRK BFHVFDQ FLWLHV )RU "$&&,:$= 20 ! . . . — I o
Rl DLU SROOXWLRQ ZDVWH EXUQLQJ DWRQWKPDO/®DIPGE D ® BALMHY (PRMRRQY ZHUH PDGH GXUL pg m-3 %
YHKLFOHY DQG GRPHVWLF UHV IRU FRRNLQDWSOMK MLMRNY WDHLRZTIODOLW\N PHDVXUHPHQW VLWH" O Feb Mar Apr Moy Jun Jul Aug Sep Ot Nov Dec ] ) ] o )
FRQFHQWUDWLRQV DOPRVW FRQWEKBXRX¥MM DEBREFRUQ®WJIREVHUYDWLRQV GXULQJ WKH VXPPH o Flggre&bsolute(Ieft)andfractl_onal(rlght)contrlbutlonofCentraIAfrlcan '
'+2 DQQXDO OLPLW DQG UHJXOHRUO\ DERKHIVH BROOXWDQWY GLG QRW H[FHHG :+2 OLPLWYV > __ "n=r===== WHO AnnualMean Limit ?grr]'gg:t“r;?i';ns‘?3:;323iiizzr?gggétgg;?ceh?nﬂiEgmr?;f;tf:rzg?;tsmggeﬁ?gﬁ
KRXU OLPLW )LJXUH 7KHVH FRQFHQW U® WLRDHN/Y BlUH LK. MHHP WIEH® 16 0 \Q WH IR\’ XIC2 G

Figure Monthly mean concentration of PM2.5 observed from AbidjaoastdoCetaribarn West Africa 25%-50% of the small particles come from res ir
WKRVH W\SLFDO IRU (XURSHDQ FLWLHV ERWFXWHRMHV 8 HWHK D) G\KRVH LQ $VLD Dotted line indicates WHO annual standard, dashed line WHO 24 lieemtsehAdeodh.
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'‘XH WR WKH HIWUHPH FRQFHQWUDWLRQ O
DUH D KXJH KHDOWK ULVN ZKLOH WKH UL
waste burning were less extreme.

VXPPHU VHDVRQ 7KLV VXJJHVWV WKD3HKXRD®IOWH[BRVSOB\PHDVXUHPHQWY RQ GLIIH
D VLIQL FDQW UROH LQ WKH LQWHUDFWLRIQ EHRVGZHH Q USFOUNGL AXKODAMHVLWHY VKRZHG W
PDWWHU DQG KHDOWK SRVVLEO\ WKURZD¥ KHIKH\QW ERUL GK ISR@OKXKWDQWEDVWH EXUQLQ
LQWR WKH OXQJV 7KH DVVRFLDWLRQV EHWDMGVE ZWHEHHRVSRUWZRXRBQWHH ULVN ZDV Kl
PDWWHU DQG KHDOWK RXWFRPHV GLIIHERIRWYMLFKEXHWWUGS RQUMDID VXPPHU GXH WR F
DUHD VXJJHVWLQJ QRW RQO\ WKH FRQFHQWUDWLRQ OHYHOV EXW DOVR
WKH VRXUFH RI 30 VKRXOG EH WDNHGRBMRFORBOAML.G WWWBLRIQ KDYH VKRZQ VLJQL FD
ZKHQ DGGUHVVLQJ DLU TXDOLW\ LPSDFRHWEZ® HK®G MOWMKRFFXSDWLRQDO VWDWXV RI LQG
YXOQHUDELOLW\ WR DLU SROOXWLRQ LQ WKH I1
7KHVH DUH WKH UVW KHDOWK UHVHDUFK UHVXOWV IRU $ELGMDQ
VKRZLQJ WKH DVVRFLDWLRQV EHWZHH HPHUJ[ OF) g
URRP YLVLWV IRU UHVSLUDWRU\ DQG F Brgl_ango Q{E% s Increase
LQFUHDVH LQ ULVN DV ZHOO DV HPHUIHEF O ReH I%IB%&EW\aSSOCIated
a LQFUHDVH LQ ULVN DQG UHVSLUDWRURECLRAMAANRAEGSEW L How

KHDOWK FHQWUHV 7KLV VWXG\ SUHVHQWV WKH UVW UHVXOWV RI
VWXG\ RQ FDUGLRUHVSLUDWRU\ LPSDFWV RI D

'RPHVWLF UHV DSSHDU WR EH WHRHPPERPYWDO UHJILRQ XVLQJ ORFDO PHD V)

VLIJQL FDQW KHDOWK ULVN lel(x\}(/%zHF Wi W g ©PUJHU PRUH VLJQL FDQW
VHUYHG ZLWK PRUH GHWDLOHG GDWD %RW
concentration levels.

VWDWLVWLFV DQG FRQWLQXRXV UHSHDWHG SR
‘XH WR WKH HI[WUHPH FRQFHQWUDWLRQDOH YR WMHDHI SWRYLLIRSAWWMRYH HSLGHPLRORJLFDO
VHFWLRQ GRPHVWLF UHV DUH D KXJH B HIHMHS K W X'QK6 HUR/IWDIHQ W K@IJ URLIVINWD OWK LPSDFW!
IURP KHDY\ WUDI F RU ZDVWH EXUQLQJHWUBRGROV WVIDWQUHPHDWYV,QFOXGLQJ VRFLRHFRQ
WKLV VWXG\ IRFXVHG PRUH JHQHUDOO\PPQ MKWR LSIKROYHEHIGHDI W M YRIIUWMKRI IXUWKHU XQGHL
QHLIKERXUKRRGY DURXQG WKH '$&&,:$ PRIWWVXAQ QO KDBMHYVD QWY DUH HTXDOO\ OLNHO\ W

UDWKHU WKDQ VSHFL FDOO\ RQ EXV GULYHUV SHRSOH ZRUNLQJ LQ
‘ !a I I lpaC : ; IRRG SUHSDUDWLRQ RU DW WKH ODQG OO VLWH RXU UHVXOWYV PD\ EH

REVFXULQJ WKH VHULRXV ULVN DVVRFLDWHG ZLWK ORQJ SHULRGYV RI
WLPH QHDU D VLJQL FDQW HPLVVLRQ VRXUFH

+LJK FRQFHQWUDWLRQV RI bDHURVROV KDYH DQ . YHUVH LPSDFW RQ KHDOWK WKURXJK

LQFUHDVHG UHVSLUDWRU\ FDUGLDF DQG GHUPDWRORJﬂigﬂmﬂv@“@ﬁiﬁW/SW“@UKWS&DQ&N.ZE? WL owt romy FoxvH

SROOXWLRQ HPLVVLRQV LQ $IULFD FRXOG UHGXFH DLUWRKZROM Y bPEDWIRGY KXV WRH BLIKRANW. LOBPPDWRUY

, R S D.F R H UV, L HDVR DW WKH GRPHVWLF
>/LRXVVH HW DO @ '$&&,:$ IRFXVHG RQ WKH FLWLHV RI;$ELGUPTV DTG @RWR QRX""YR®
DQG IRU WKH UVW WLPH LQYHVWLJDWHG KRZ WKH ORFDO SRSXODWLRQ LV LPSDFWHG

The high partide concentrations in southern YLVLWV WR WKH HPHUJHQF\ URRP FRXOG EH UHGXFHG E\ & IRU
risks to public health and intensify common URRP PRUWDOLWLHYV FRXOG EH DYRLGHG ZLWK D UHGXFWLRQ RI 30

medical problems.

FRQFHQWUDWLRQV WR WKH :+2 WHPRPPHQGHG OLPLW RI

8VLQJ WKH QXPEHU RI PHGLFDO YLVLW‘Th‘é‘bdﬂuﬁéﬁﬁ[ﬁdé’cPlsDﬁiﬁﬁb‘égﬁnthe rainy
KHDOWK RXWFRPHV ORQJ WHUP UHODV&ézX%nUénWYje %R&gl—b\ﬁ ﬁd]'ltlftl'(')n source.

FDOFXODWHG IRU HDFK PXQLFLSDOLW\ LQ $ELGMD 7KLV GHVFULEHV
WKH UHODWLRQVKLS EHWZHHQ ORQJ WHQP H\\6HRW XRY WROZWKUHH PHDVXULQJ VLWHV LQ SELG]

DQG UHVSLUDWRU\

gure%:ood preparatlon produces large quantities of smoke and figttreukat®omen brings her infant into see the doctor at the Soeur Catherine
FDUGLDF DQG GHUP NWRORE DR WHBHROWWIKT ODMWAHRRY EHWZHHQ WKH QXPEHU R Riesk YePifYopougon, Abidjan, Cote d’lvoire are responsibtidal Gemitsighe¥bpougon, Abidjan, Cote d'Ivoire.

DV HPHUJHQF\ URRP PRUWDOLW)\ :H HVWLPO WY WRI GRPERBRIHQWUDWLRQV SULPDULO\ G X Udofuthn¥\t8ndentr&ibrid measured, yet primarily a ect women and children.
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the DACCIWA emissions inventory.

Burning seemingly similar materials may
lead to very different emissions.

.HLWD HW DO > @ IRXQG WKDW WKH HP
IURP GRPHVWLF UHV GHSHQG VWURQJO\
EXUQW +HYHD ZRRG ZDV IRXQG WR EH WK
7KH PDQXIDFWXUH RI FKDUFRDO LV D ELJ
DQG HPLVVLRQV IURP ZDVWH EXUQLQJ DU
WR KHDOWK

The underestimate in southern West
African emissions likely leads to an under
appreciation of the impacts of air pollution.

E . .
JOREDO HVWLPDWHYV RI WKH KXPDQ KHDC

/R SURGXFH XVHIXO DLU SROOXWLRQ FRQWURO VWUDWHthrh'b\&VHHv\(N\/(Lﬂ%DFW\/H\éQQHM (T

RI WKH PDJQLWXGH RI WKH GLIIHUHQW HPLVVLRQ VRXUFJRGHURLE 0N Wi CP 74 V@@'\\Rﬁm
QHZ HPLVVLRQV IRU $IULFD HYDOXDWHG WKHP DJDLQVW MW OGDUG LOQWHUQD

HPLVVLRQVY DQG DJDLQVW ORFDO REVHUYDWLRQV

Standard global estimates of human Emissions of particles and organic gases from
HPLVVLRQV DUH VLJQL FD QW OvVeXdgsitdduthem/\WesDAkidditScities are
for southern West Africa. higher than those in other locations.

7KH ('*$5 GDWDVHW >&ULSSD HW DO '"®&EV:VRD GO REMMFW PHDVXUHPHQWY RI WKH SDUWLFOHYV
VWDQGDUG IRU DLU SROOXWDQW HPLVVIDR®/ R FQIQFEM VE D FHFXIUDWRQV IURP LQGLYLGXDO YHKLFOHV LQ
HVSHFLDOO\ LQ UHJLRQV ZKLFK KDYH Q R VEH H3@ H[RVHQH & YHHLOND HW DO @ 7KH\ ZHUH VLJQL FDQWO\
VWXGLHG '$&&,:$ FRQVWUXFWHG QHZ HRU\\KI-RQW KEDHLWDGIWHHQ DVVXPHG IRU WKH UHJLRQ )LJXUH 206G
DO @ ZKLFK XVHG $IULFD VSHFL F LQRUPOMIHR @ HKLIKWHY DUH PRUH SROOXWLQJ IDFWRU RI D WKRXVDQG
VKRZV D FRPSDULVRQ EHWZHHQ WKH PDWKDRI QX ¥ HK LSFOHVXVED QWY GLHVHO YHKLFOHV ZHUH RQO\ D IDFWRU
HPLWWHG RYHU VRXWKHUQ :HVW $IULFIRIE\YWMKZRUYV$E DBB IRXU VWURNH HQJLQHV KDYH VLJQL FDQWO\
'$&&,:$ LQYHQWRULHYV WRJHWKHU ZLWKORQHUPHPYVRQRQV WKDQ QHZ WZR VWURNH HQJLQHYV

GDWDVHW WKDW H[SORLWV WKH '$&&,:$ REVHUYDWLRQV WR

RSWLPL]JH WKH HPLVVLRQV )RU PDQ\ VSHFLHV WKH ('*$5 GDWD

XQGHUHVWLPDWH WKH HPLVVLRQV LQ WKH UHJLRQ

»
Y

N o

~

Average Emission / x 10~ 12 kg m=2 s~ 1

o

[ EDGAR Emissisn
[ pbAccIwA Emissions

[ Enhanced DACCIWA
Emissions

Figure &omparison of average annual emissjddrgaaoJaMadd@nd Black Carbon
from southern West Africa as calculated by the EDGAR and DACCIWA emissions inventories t~
with an enhanced DACCIWA emissions datasets which exploits the DACCIWA observatior

.nze

'LRQV RI SDUWLFOHYV
WKH W\SH RI ZRRG
JDUJHVW HPLWWHU
XUFH RI SDUWLFOHV
LJK DQG RIIHU D ULVN

(5

Standard global estimates
of human emissions are
VLIQL FDQWO\ XQGHUHVWLPDW
for southern West Africa.

Figure 8ass of organic compound emitted by

the transport sector from Coéte d’lvoire estimated

by the EDGAR emissions (left) and by the DACCIWA
project (right). There is a 50 fold underestimate

in the emissions inventory for these compounds.

Figure taken from [Keita et al., 2018].
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Figure 1Total column liquid water across West Africa from the Met' @ &&UngecK DV GHPRQVWUDWHG WKDW LQWHUDFWIL
Model for the 4th June 2016 using four di erent aerosol concentragippsy@nly 81D UWLEFOHY FORXGY SUHFLSLWDWLF

cn simulation representing very clean conditions shows apprecia

UH SDWFK\ FORXGV E\ & KRXUV

H UVW LQGLFDWLRQV WKDW WKH GLPPLQJ O
UDLQIDOO ZLWK SRVVLEOH LPSDFWV RQ IRF
WHU DYDLODELOLW\ DQG K\GURSRZHU 7KH U
QOLJKW DOVR DIIHFWV SODQWYV DQG SKRWR)
JHQHUDWLRQ ,QFUHDVLQJ DHURVRO HPLVVLRQ
UWLFOHV WKDW PRUH HDVLO\ WDNH XS ZDWF
WUDWHV ZLOO H[DFHUEDWH WKHVH LPSDFWYV

More research is needed to better quantify

impacts of anthropogenic particles in
thern West Africa.

ion ref . WB@W%?F' ‘HVW $IULFD DUH FRPSOH[ 6HYHUDC
atmospheric liquid water content compared to the others. Typical concentrations o
0 aerosol over West Africa are 500—1000 cm KDYH EHHQ GLVFRYHUHG VXFK DV WKH FRDVWD
UHOHYDQFH RI ZDWHU XSWDNH <HW PDQ\ GHW
\ H[DPSOH KRZ ODUJHU GURSV IDOOLQJ WKURXJK
WRS UHGLVWULEXWH FORXG ZDWHU DQG WKXV
>'HDUGHQ HW DO @ +LJK VHQVLWLYLWLHYV
An increased aerosol amount and/or shift HITHFWV WRJHWKHU ZLWK YDULDWLRQV ZLWK (
to more water-loving particles will reduce FRDVW DQG WLPH RI GD\ PDNH D TXDQWLWDWL
the amount of sunlight reaching the Earth’s FKDOOHQJLQJ 6XEVWDQWLDO XQFHUWDLQWLH)\

surface, impacting on the circulation, clouds oL

and possibly rainfall. bR

$HURVROV DOVR UHGXFH WKH DPRXQW RI

PLWHG REVHUYDWLRQDO GDWD & HYHQ DIWH
HOG FDPSDLJQV 4 DQG ODUJH GLIIHUHQFHV EH
GHOV RI GLITHUHQW UHVROXWLRQ DQG FRPS

VXQOLJKW UHDFKLQJ WKH

(DUWKéV VXUIDFH ,Q D KXPLG HQYLURQPHQW VXFK DV VRXWKHUQ
‘HVW $IULFD GXULQJ WKH VXPPHU PRQVRRQ DHURVRO SDUWLFOHYV

FDQ WDNH XS ZDWHU LQFUHDVLQJ WKHLU

- - WLPHV >+DVOHWW HW DO @ S5HGXFWL
ollution impacts on e o 00 S

GLPPLQJ HIIHFW E\  WR
RQV LQ VXUIDFH KHDWLQJ RI
LV GHFUHDVHV WKH

WHPSHUDWXUH FRQWUDVW EHWZHHQ ODQG DQG VHD DQG VR GHOD\V

- WKH LQODQG SURJUHVVLRQ RI WKH FRDVWDO IURQW GXULQJ WKH ODWH
weather and climate O R T

WKH GD\WLPH GHYHORSPHQW IURP ORZ OD\HU FORXGV WR GHHSHU

JLIXUH OHIW DQG

$ NH\ XQFHUWDLQW\ LQ RXU DVVHVVPHQW RI IXWXUH FOLPDWH FKDQJH LV KRZ DHURYRO & . . .
WLQ\ SDUWLFOHV LQ WKH DLU a8 LQWHUDFW ZLWK WKH DWPR¥ UH V@dehFL FDOOR E%®}y clean -

RU DEVRUELQJ VXQOLJKW HLWKHU WKHPVHOYHV RU WKURXJ&
SURSHUWLHV '$&&,:$ KDV VSHFL FDOO\ LQYHVWLJDWHG WK/[]¥

900 -
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'HVW $IULFD IRU WKH UVW WLPH 1500 : : : : : 1500
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900
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A further increase in manmade p0||ution 2YHU VRXWKHUQ :HVW $IULFD KRZHYHU WKH FRQFHQWUJ,

in southern West Africa will have a small SDUWLFOHV IURP ORFDO HPLVVLRQV DQG VPRNH LPSRUWWAL

effect on cloud properties due to the &HQWUDO $IULFD 3DJH LV DOUHDG\ VR KLJK WKDW WKHUH Db&M 6N 7N 8 N 9N
already hlgh aerosol burden. DOZD\V HQRXJK SDUWLFOHYV DQG IXUWKHU LQFUHDVHY PHUHO\ FKDQJH

FORXG SURSHUWLHV $ GHWHULRUDWLRQ LQ SDUWLFO 'I_'—ligﬁrjé &glffhv—vnlo%Q/e&i&a?t%nsects through southern West Africa ill

WKXV DIIHFW FORXG SURSHUWLHY DQG DOVR SUHFLSLWDWLRQ from shallow layer-clouds to deeper (potentially raining) clouds.

1200
1 daewgess
600 b )

300
OmASL-

5N 6N 7N 8 N 9 N

ustrating impacts of pollution on clouds and precipitation (right) and the cc
&ORXGV IRUP WKURXJK FRQGHQVDWLRQWKHDOMIRU H DBHRYW RUPDOO HIIHFW RQ UDLQIDOO W KU RMJIKokeKiR&Ad bl¥ing Re evening and night (left). In the polluted case (bottom) the front is delayed relative to the clean case (top), which is n

SDUWLFOHV &KDQJHV LQ WKHLU QXPEH @G FKPRIDHFWAHLLHWY WL X AP Q leading to a shallower and less warm layer over land and weaker in ow of cool maritime air. With respect to clouds reduced heating during the d:
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Long-term outlook

/KH IXWXUH VWDWH RI WKH DWPRVSKHUH RYHU Vv

Temperatures over West Africa are Even the sign of future changes in rainfall
projected to rise by 1 to over 3°C by 2050 remains highly uncertain.

depending on geographical location, &RPSXWHU PRGHOV VWLOO VWUXJJOH WR UHDOL
emission scenario and model used. "HVW $IULFDQ PRQVRRQ >H J +DQQDN HW DO

,Q OLQH ZLWK SURMHFWLRQV IRU JOREDG& BKEOWIL RAHEPHE PDAWRYMPHQWY &0,3 DQG &C
LQ VRXWKHUQ :HVW $IULFD ZLOO OLNHOVKBEUWPHBOWHORR B QLIcfUBHOMH DORQJ WKH *XLQHI
IURP QRZ XQWLO WKH PLGGOH RI WKH RV w X W\ FHRAXAHUE WK 4 LWK D YHU\ ORZ DJU
H[DFW VL]H Rl WKLV LQFUHDVH UHPDLQVCkYHNUWRWLBR CFRQRV:sH N DERXW WKH VLJQ RI
LQYHVWLIJDWHG VHYHUDO IDFWRUV WKDW GHWMUPISHHE WK P  OMVAAVWRHQW RI WKH TUHT

LQFUHDVH LQ WKH VXPPHU -XQHA&$XIXVWUYRXAYWY DQG RRGV '$&&,:$ PRGHO H[SHULPHC
FRQ UP ODUJH VHQVLWLYLWLHYV VKRZLQJ WKDW

o IXWXUH SUHFLSLWDWLRQ LQ WKH UHJLRQ UHPDL
Proximity to the ocean: 7KH WHPSHUDWXUH ULVH DORQJ WKH

*XLQHD &RDVW ZLOO WHQG WR EH VPDOOHU WKDQ IDUWKHU LQODQG

Emission of climate gases: )RU D ORZ HPLVVLRQ Pelldouesposure in the future will
JUHHQ OLQH LQ )LIJXUH WHPSHUDVEXUHLID PUHBNVHM G EV ORFDO DQG UHPR)
DUH PRVWO\ EHORZ r& DFURVV HQWLHhe@moyektwEenissinnsmnd altered

EXW FRXOG H[FHHG r& IRU KLJK HPLVNYAR@ of H&EnsE@XEIh® Bt emissions.

PDIJHQWD OLQHV LQ )LIXUH
,QFUHDVHG SRSXODWLRQ DQG HFRQRPLF GHYHO

Ocean: "LIIHUHQW DVVXPSWLRQV DERXW §YHOWVEMYEBIGHHY ZLOO OLNHO\ OHDG WR LQFUHDYV
WHPSHUDWXUH HYROXWLRQ KDYH D VPB@Q PRHIUFRAM R ® QWKIDVHRXV SROOXWDQWYV $W
PDJQLWXGH RI WKH ZDUPLQJ LQODQG FkRBIPYH EO®HDWRGCZVEE LQO XHQFH KRZ PXFK G
OLQHV LQ )LIXUH ELRPDVV EXUQLQJ VPRNH LV SURGXFHG DQG WU
Aerosol, vegetation and other factors: :DUPLQJ LV yHY{JLRQ ZKLOH FKDQJHV LQ UDLQIDOO ZLOO FKI

VHQVLWLYH WR KRZ YHJHWDWLRQ DQd'KGWH PRI OV E YU HGLFWLRQJ WKH RYF
DHURVRO DQG FORXGYV DUH UHSUHVHNRHEROP BWERRWN WY FKBEREHQILQI '$&&,:$ PRG

FRPSDUH EOXH DQG PDJHQWD OLQHVLHURXLHFBWH WKDW D SRWHQWLDO LQFUHDVH LQ D
FRQFHQWUDWLRQV PD\ EH SDUWO\ FRPSHQVDWH

GXVW FRQFHQWUDWLRQV GXULQJ ZLQWHU ZKLO
DUH PRUH ORFDOO\ FRQWUROOHG )LJXUH (Y
PXOWLSOH PRGHOOLQJ VA\VWHPV ZLWK GLIIHUHQ
VFHQDULRY ZLOO EH QHHGHG WR HQKDQFH FRQ
SROOXWLRQ SURMHFWLRQV RYHU WKH UHJLRQ

XWKHUQ :HVW $IULFD LV FULWLFDOO\

LPSRUWDQW IRU KXPDQ KHDOWK IRRG SURGXFWLRQ DQG WKH HFRQRP\ /RFDO FKD Quiio Summer (39
QHHG WR EH FRQVLGHUHG ZLWKLQ WKH FRQWH[W RI D JOREDOO\ FKDQJLQJ FOLP.R. ‘ 2050 0w

'$&&,:$ KDV XVHG FRPSXWHU PRGHOV WR LQYHVWLJDWH ZKLFK IDFWRUV DUH |

UHOHYDQW IRU IXWXUH GHYHORSPHQWYV

Figure 1mhcrease in summer (June to August) near surface
temperature between the present day and 2050 from a climate model
under di erent assumptions. Blue, red, and magenta lines indicate
simulations assuming a scenario with high emissions of climate gases;
the green line is a low emission scenario. The blue, red and magenta
lines indicate di erent assumptions about sea-surface temperatures,
cloud-aerosol interactions and vegetation

2050 high 2050 high = Human
‘ m Sea salt

Dust
Present dg Present Dg

0 10 20 D 0 5 10
PM2.5 [ g/m3 PM2.5 [ g/m¥

Figure 1Multi-seasonal mean surface PM2.5 concentrations averaged over
southern West Africa for December—February (left) and June—August (right). “Ic
and “high” refers to di erent scenarios of local emissions of air pollutants which
remain highly uncertain.

Figure 1@hange in June to September average rainfall for Africa in 2080-2099
with respect to 1986—-2005. Left: SRES A1B scenario (CMIP3, 24 models); right:
RCP4.5 scenario (CMIP5, 39 models). Precipitation changes are normalized by the
global annual mean surface air temperature changes in each scenario. Light/dense
hatching denotes where more than 66%/90% of models (or members) have the
same sign with the ensemble mean changes. Taken from IPCC Fifth Assessment
Report (IPCC 2013, Figure 14.23).
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A lack of observations of meteorology and air pollution
in Africa holds back understanding.

XQGHUVWDQGLQJ RI WKH :HVW $IULFDQ PRQV R R “GOPNI L 2R [FEROE
ZLOO XOWLPDWHO\ OHDG WR LPSURYHG ZHDWKHU WRUEHE DN

ODNLQJ WKH FDVH RI DQ LPSURYHG RSHQ DFEH HER U -
REVHUYLQJ V\VWHP LQ $IULFD WR SROLF\P-BbN %M
VRFLHW\ VKRXOG EH VHHQ DV D SULRULW\ "&Q O $TULFDQUIDWLRQDO
'HDWKHU 6HUYLFHV QHHG VXSSRUW WR PRQLWRU [ZHDW KM ,b QG-I
FOLPDWH DQG DOVR WR HVWDEOLVK GDWD F..QWJ&\/ W b‘l-’}v’ EPVJG‘D’ VR
SURYLGH DFFHVV WR WKH FXUUHQWO\ XQDjL)_f(“)wIQJ; KT :LEI»B&L}L)WD
\\ Satellite observations provide a wealth of Figure 1Bleteorological sondes available to international meteorological service
information but need more validating. for inclusion into weather forecasts on 7th November 2018 at 12 UTC. Africa st

out as a continent with poor data coverage. Figure provided by European Cent

6DWHOOLWH REVHUYDWLRQV FDQ KH O sMydiugiRenge\Meatier fprecagtsESMNFR |

\ VXUIDFH REVHUYDWLRQV EXW WKHUH DUH OLPLWDWLRQV RQ WKHLU
XVH 5HDO WLPH PRQLWRULQJ RI UDLQIDOO LV RO|5|01GR()(!-1(§A({9§)0|:_(|)0‘L]JTLC'DOG
FKDOOHQJHVY GXH WR WKH LPPHQVH VRFI 1
SUHFLSLWDWLRQ 'DWD IURP D GHQVH U[7
.XPDVL VHW XS E\ '$&&,:$ VKRZ WKDW VI
UDLQIDOO HVWLPDWLRQ KDYH ODUJH HU
H[WUHPH UDLQIDOO HYHQWYV )LJXUH
REVHUYDWLRQV RI DLU SROOXWDQW FRGs.75°n
DW LQFUHDVLQJ UHVROXWLRQV WKH\ DL
VSDWLDO RU WHPSRUDO YDULDWLRQV V)65N
KRZHYHU SURYLGH XVHIXO UHJLRQDO F(

.25°N]

7°N| e A 44 El

PRGHO SHUIRUPDQFH s.25°NIEE - .
. I g
7R FDSLWDOL]JH RQ VDWHOOLWH VHQVHG 2353V %W, LISWUEW LBBW LY Q75WI9-H5W, 1\
IRU FDOLEUDWLRQ LV HVVHQWLDO 7KH ODFN RI REVHUYDWLRQV LQ WKH
UHJLRQ PDNHV WKLV GLI FXOW Figure 1Paily rainfall measured on 10 June 2016, 0900 UTC by the Kumasi rai

gauge network (coloured dots) and estimated by the satellite product “Integrate

+LJK TXDOLW\ DQG DFFHVVLEOH PHWHRURORJLFDO DQG ®hputerMmXBsQLWWAGIGED W D D U Hothduly Gk be bacembor 5915 ant & saimtined o e Katme.

e December 2015 and is maintained by the Kwame

PLVVLQJ LQ $IULFD 7KLV VORZV DGYDQFHV LQ ZHDWKHU | RUSrayspeganidgcopmes H G HV -V IHRKNREiSrience and Technology (KNUST).
atmospheric dynamics and chemistry in

WR DLU SROOXWLRQ DQG OHDGV WR XQFHUWDLQW\ LQ FOLRRWk.FKDQJH SUHGLFWLRQ '$&&,:$
KDV FROOHFWHG D SOHWKRUD RI GDWD PDGH LW IUHHO}RX&kRdu@ RS Rw DG uSbd SR [[F o = ] | w1
GH FLHQFLHV LQ KRZ FRPSXWHU PRGHOV UHSUHVHQW W RHPWKHY ROLBPWH D DR RIB QORWLER

KLIJIK UHVROXWLRQ VWDWH RI WKH DUW ZH|
PRGHOV FDQQRW UHSURGXFH WKH REVHUYEtH

An adequate air quality monitoring system The meteorological station network is GLVWULEXWLRQ RI'UDLQIDOO DQG VHQVLWLz | | OXWLRQ
. . . . . * 1S
is absent in southern West Africa. sparse and existing data are not always DUH LPPHQVH )LIXUH HQHUDOO\ WKH £
bl ZHDWKHU IRUHFDVWYV LQ VRXWKHUQ :HVW §$3
+LVWRULFDOO\ WKH ORQJ WHUP sxEoLPBE0EI¥EE AT on PROLWRULQY DO @ DOG WKH FUHGLELOLW\ RI IXWXUH £ 4 v

RI DLU SROOXWDQWYV KDV EHHQ WKH E DWW HRURORIL ¥ D@ EVH TUXDWUWRQV KDYH HFRQRPLF EHIOQHW MWWHEKDWH )LIXUH

DQG SURGXFLQJ HI FLHQW VROXWLRQV |3 H OFHHNG RV RHKHYSRIQERWMRI WKHLU FROOHFWLRQ KWWS 777

PHDQV WKDW RXU XQGHUVWDQGLQJ DL X DQMNS B.OHVRIURKHIFE SZVS GREXPHQWYV zPRB B -8 KDV VKRZQ WKDW RQH LVVXH LV WKH
HVW $IULFD UHPDLQV SRRU /RFDO GDHQ\FHD VAR PHRWFULWLFDO IRU SURGXFLQJ DFFXUDWH ZHDWIGHYPWLERQ RI WKH HIWHQVLYH DQG - . ‘ ‘ ‘
RI SULPDU\ SROOXWDQWYD\WQG IS DWWI2F OMRUHFDVWY WR HVWDEOLVK HI FLHQW HDUO\ zpuQLQf YRAFNpYKHYVH FORXGYV DUH LPSRUWDQW LQ % ° oo s W

DUH QHHGHG 3RWHQWLDOO\ RWKHU FKHBGFWRVPRYEWRY EBORDWH FKDQJIH $IULFD LV QRwWRGL R\ PRYYRFY PWERQ UHDFKLQI WKH VXUIDE v g v i g

DURPDWLF K\GURFDUERQV DQG KHDY\ P$RMRONRYPUDAR\RD DYDLODEOH GDWD )LIXUH gae gL IIND HW DO @ Q DGGLWLRQ " &rfyuid1 ROHA- LK didkidtioM of rainfall averaged from 8°W to 8°E in July

GLVSURSRUWLRQDWHO\ LPSRUWDQW URG K WO E® VWK HIE VKR LY WKHP GLHDWH RI WKH DUW PHWIKRASoW KPY, 5QFOXGLQJI DHURVROV L P 2008, \SHoWn\aHBAIGHIR-Daded RitsetFalovaNblack) and simulations with the

| | FD >%HOHGHWWL DOG 9LWDUG modegsurrently operational at the German Weather Service in high-resolution |
KLVWRULFDOO\ LQ (XURSH 7KH\ VKRXO @ HEW ZRRNMWBR Q 8 &> WEHDWKHVEDWD IUHHO\ DYDLODEOH IRy § BUFRHQ Q andgnewhatlowerresolution (green). All curves are smoothed for better visi
WKHLU LPSDFW ZKLFK LV FXUUHQWO\ XQWQRBQ DOVR GHPRQVWUDWHG KRZ EHWWHU GDWD FDQ DGYDQFH RXU Figure adapted from Kni ka et al. [2018]).
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Journal publications produced by DACCIWA

$GOHU % %DELA . .DOWKRII 1 /RKRX ) /RMWKMYOGRQR@H RVEWSPDQNZDK .
al.Nocturnal low-level clouds in the atmospheric boundary % Evaluation of Windsond S1H2 performance in Kumasi
layer over southern West Africa: an observation-based GXULQJ WKH '$&&,:$ HOXWPRRSOHDQ
analysis of conditions and processes.$W PRV &KHP 3K\V 7HFK 'LVFXVV KWWSV Z7ZZZ DWPRV PHDV WHFK

SHWHUVVRQ $

'LVEXVV KAWWSV ZZZ DWPRV FKHP SIGIWGXVFXYNW DPW
QHW DFS %ULWR - J)UHQH\ ( 'RPLQXWWL 3 %RUERQ $
$GOHU % .DOW KR NodturrtaDl@nAe@eHdbuts % D W H Q E XU JA8€essihi\th®rGle of anthropogenic

over southern West Africa analysed using high-resolution and biogenic sources on PM1 over southern West
simulations. $WPRV &KHP 3K\V KW V&SV Africa using aircraft measurements. $SWPRV &KHP 3K\V
ZZZ DWPRV FKHP SK\V QHW 4 KWWSV ZZZ DWPRV FKHP SK\V

$PHNXG]L /. 2VHL 0% $WLDK :$ $U\HH —lgHg\/KLDWDNX 0%

4XDQVDK WalidatiborpOTRMM and FEWS Satellite %URVVH ) /HULFKH 0 ODRBSst&dy&mEYUHX][ )

Rainfall Estimates with Rain Gauge Measurement over impact of moist thermals on the oxidative capacity of the

Ashanti Region, Ghana.$W PRV &OLP 6FL atrdosphere in southern West Africa. $WPRV &KHP 3K\V
KWWS ZzZZ VFLUS RUJ MRXUQDO GRL DVS["'2, a KWWSV ZZZ DWPRV FKHP SK\V

DFV QHW

$PHNXG]L / <DPED ( 3UHNR .
et al. Variabilities in Rainfall Onset, Cessation and Length ) HWh®S$bduth Atlantic Anticyclone as a key player

of Rainy Season for the Various Agro-Ecological Zones for the representation of the tropical Atlantic climate in

of Ghana. & OLPDWH KWaVs ZZZ PGSL coupled climate models. & OLP '\Q a
FRP KWW S OLQN VSULQJHU FRP \Y

Qo

$U\VHH -1$ $PHNXG]L /. $WLDK :$ 2VHL O$HDIICHIRLIHLOO $ &RHherolasf RXODUWRQ 7
2YHUYLHZ RI VXUIDFH WR QHDU V XUID F HrégpwtR&lvhSrifatidu inRh&Savdutiontb¥ low-level
over selected domain during the QWeCl project. 0 HW H R U R @louds over southern West Africa. $WPRV &KHP 3K\V

$WPRV 3K\V httpd//link.springer.com/10.1007/ 4 KWWSV ZZZ DWPRV FKHP SK\V
s00703-018-0618-1 QHW
%DELA . $GOHU % .DOWKRII 1 $QGHUVHBHWI]LR ORI BREBRHQWWR| D QHZ JDV DULQJ

al. The observed diurnal cycle of nocturnal low-level stratus emission dataset for southern West Africa. *HRVFL ORGHO

clouds over southern West Africa: a case study. $WP RV 'HY 4 KWWSV Z7ZZZ JHRVFL PRGHO GHY
&KHP 3K\V 'LVFXVV KWW@V ZZZ DWPRV RKHNP

SKIV.GLVFEXVV QHW DFS '"HHW] . 9RJHO + +DVOHWW 6 .QLSSHUW] 3 &RH +
%DKLQR - <RERX« 9 *DO\ /DFDX[ & $G R @erosofijukiRvater céhtedy id the moist southern West

6 H W pibGstudy of gaseous pollutants’ measurement African monsoon layer and its radiative impact. $WP RV

(NO,, SQ, NH,, HNO,and O,). $WPRV &KHP 3K\V &KHP 3K\V MWWSV ZZZ DWPRV
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