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

studies the impact of the vast increase in anthropogenic emissions in West
Africa on the local weather and climate

project partners in Germany, France, UK, Switzerland, Ghana and Nigeria
project is funded by the European Union 7th Framework Program with approx. €9 M

Project overview: Knippertz et al., BAMS (2015)
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e 3 ground sites

* 3 aircrafts

* Radiosonde
campaign

* Urban sites

www.dacciwa.eu
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Low level clouds in southern W.-
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MSG RGB Composite & SYNOP low cloud observations at 03 UTC 20 August 2006
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Low-level clouds develop frequently at night, height about 300 m, formation
connected to stabilisation through radiative cooling and the nocturnal low level jet

van der Linden et al. (2015, JGR)
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Satellite observations )7'(' DACCIWA
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van der Linden et al. (2015, JGR)
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Bad representation in climate models )j':’ DACCIWA

Diurnal cycle of cloud and wind profiles from Year Of Tropical Convection modelling
effort, 1991-2009 average + ERA-interim to compare:
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Low cloud cover often not developed or too high -> large impact on radiation,
nocturnal LLJ too strong Hannak et al. 2017
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ICON: Sensitivity test possible?
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Make clouds transparent )j':' DACCIWA

* multiply cloud liquid water below 750 hPa
with constant factor prior to ever call of
radiation scheme (in DACCIWA box)

* Jul 2006

 5-day simulation started every 4 days

* Output hourly

* Initialised with ERA Interim reanalysis

e 7 sets in total, T ranging from 0.1 -10* 1
*For2ndroundonlyt=0.1and 1.0 *t
*91 level

orig

orig

2 types of experiments

1 st:

Global grid:
1.Nest:
2.Nest:

53 km
26 km
13 km

ICCARUS DWD 26.—-28.2. 2018

2 nd:
Add 3rd nest with 6.5 km,
explicit convection

Nests are centred at 0°/0°
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Results: surface temperature A»'(' DACCIWA

Average diurnal cycle from Jul 2006
tau_O1 - contr 12 UTC

DACCIWA \ - ) 1.6
region: : . L
g ool 5 : » / Ok 1.2
Clouds more ~ -§ﬁ 0.8
transparent : —
— 1% ‘ 5 h /1 | 10.4
(tau, = 0.1*tau,) 15°N r L =
., "’4 : i s /[‘\,\_} {00 ©
Results: ad TNt Agd ]
Increased solar 10°N | il 'C)'"""‘b L ﬁ. F 1-0.4
N ‘ :
insolation R, «’ & “" 8T —0.8
5°N I i - : S ""....l.-.
-> Tsurflayer '8 —1.2
increases =
, —-1.6

0° —
15°W 10°W 5°W 0° 5°E  10°E 15°E
Convection + turbulence! Influence in one module translates into others
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Tendency of relative humidity )\»'(' DACCIWA
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Thermodynamics " DACCIWA

« Specific moisture, winds, and cloud cover (cloud water content) ->

precipitation
Heating of surface and Moistening at 800 hPa, Reduced rh close to
cloud layers later drying near surface surface but increase
(more humidity + -> transport g upwards above, (very low at
latent heat release) night) -> clouds??
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Cloud cover diurnal cycle
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Cloud cover diurnal cycle
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Influence on precipitation
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Smaller tau -> more precipitation in all experiments
Convection-permitting: peak later in the early evening, difference

between control and tau=0.1 bigger than in 14 km run
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Horizontal wind speed
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Average diurnal cycle, July 2006

contr.: horizontal wind diurnal cycle at 00:00
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Horizontal wind speed
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Average diurnal cycle, July 2006

contr.: horizontal wind diurnal cycle at 00:00 Cloud modified
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Effects downstream

Intensification of of DACCIWA box!

nocturnal low level jet

ICCARUS DWD 26.—-28.2. 2018 A. Kniffka | KIT




Downstream of DACCIWA box ~ pacciwa
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Signal propagates northwards at night, leaves initial box
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Precipitation outside of DACCIWA box )j':' DACCIWA

Precipitation monthly mean, zonal average
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Net loss and net gain of precipitation for transparent clouds outside of DACCIWA region
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Conclusions ﬂi
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DACCIWA region: Transparent clouds: more shortwave rad. -> higher T
after sunrise, enhanced turbulence and convection ->enhanced cloudiness
+ precip., nocturnal LLJ intensifies, decrease of wind speed in boundary layer in
the afternoon but more wind at coast

Downstream: Influence of experiment reaches out of DACCIWA box, T, p,
specific moisture and precipitation signals travel northwards at night, slightly
stronger gradient of equivalent potential temperature leads to enhanced
monsoon flow for transparent clouds

Explicit convection: corroborate effects, but:

differences in intensity and timing of effects, diurnal formation of cc differs strongly in
explicit runs, particularly true for low level clouds

Net effect on precipitation outside of DACCIWA region
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