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INTRODUCTION

About 90% of total annual rainfall in Sahel region from organised convective systems.

Convection parameterisations struggle to realistically represent West African convection.

Additional soundings over West Africa
during AMMA field campaign→ improved
analysis→ positive influence on forecasts
over Europe (Faccani et al. 2009).

Questions:

Does explicit convection lead to improved
forecasts in the Sahel region?
Does explicit convection in the Sahel
influence forecasts over the North
Atlantic-European sector?
Does this influence lead to an
improvement of the forecasts?

Answers based on Pante & Knippertz (2019) Nat. Commun.

ICON MODEL SETUP

ICON (ICOsahedral Non-hydrostatic) developed at DWD & MPI-M (Zängl et al. 2015).

Initialisation:
daily at 12 UTC in July and August 2016 and 2017
→ 10-day forecasts

PARAM: global simulation, grid spacing ≈ 13 km

EXPLC: local grid refinement (≈ 6.5 km) in region of West
African monsoon (WAM), explicit convection in nest,
relaxation of prognostic variables, i.e., 2-way nesting
→ feedback on global simulation

PRECIPITATION IN WAM REGION

a b c d

Hovmoeller diagrams ø 8–18◦N: PARAM (a) vs. EXPLC (b) vs. TRMM observations (c)

å Mesoscale convective systems (MCS) are reproduced in EXPLC not in PARAM.

Diurnal cycle ø 8–18◦N, 10◦W–10◦E (d)

å Precipitation in PARAM too early, too intense.
å Diurnal cycle clearly improved in EXPLC, remarkably close to TRMM observations.

IMPACT OF EXPLICIT CONVECTION ON FORECASTS

Vertical cross section ø 10◦W–10◦E,
difference EXPLC–PARAM

CLC Less clouds, less OLR→ warmer upper
troposphere/lower stratosphere

TEJ Weaker divergence, weaker updrafts,
weaker outflow→ weaker TEJ (Lemburg
et al. 2019)

RH Less intense southerly inflow, detrainment
→ drier mid troposphere

SHL Ventilation by coldpool outflow, stronger
radiative cooling→ colder SHL

AEJ Less intense SHL→ weaker AEJ

CLC: Total cloud cover, TEJ: Tropical easterly jet, RH: Relative
humidity, SHL: Saharan heat low, AEJ: African earsterly jet
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Difference EXPLC-PARAM

(a) DTE ø 10◦W–10◦E
→ Largest differences in regions of
TEJ and SHL.

(b) Hovmoeller diagram (ø 10–15◦N) of
vertically integrated DTE

∫ 250 hPa
950 hPa

→ Differences spread from the nesting
region westward to the Atlantic Ocean.

(c) As (b) but ø 40–0◦W
→ Differences intensify with lead time in
the region of the SHL and Azores High.
Differences in the region of the
mid-latitude stormtrack north of 40oN
appear from forecast day 4 on and
intensify with lead time.

Mean RMSE over all 31 simulations in
July 2016 shows improvement of Z500
over Europe after about 5 days.

REFERENCES

Pante, G. & Knippertz, P., 2019: Resolving Sahelian thunderstorms improves mid-latitude weather forecasts, Nat. Commun., 10, 3487
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IMPROVEMENT OF FORECASTS

(a) Difference EXPLC-PARAM of RMSE (colors) and absolute values (contours) of
500 hPa geopotential averaged over forecast days 5–8.

(b–d) Change of RMSE for geopotential (Z), temperature (T), specific humidity (Q),
wind speed (S) and wind vector (V) throughout the troposphere.
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PARAM
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PARAM
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EXPLC
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Bias of relative humidity of EXPLC and
PARAM compared to available
radiosonde data during forecast days 2–5.
Moist bias at Abidjan (a) and Niamey (c)
significantly reduced in EXPLC compared
to PARAM.
Vertical profile of Tamanrasset (d) may
indicate problems in the model to
transport low-level moisture out of the
deep Saharan boundary layer into the
free troposphere above.
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CONCLUSIONS

Explicitly resolving convection in Sahel region improves forecasts of
single MCS and diurnal cycle of precipitation.

PARAM generates Sahelian rainfall too early, too short and too intense
without organised MCS→Warmer SHL, stronger upper-level
divergence, updrafts and moistening of free troposphere.

Differences between EXPLC and PARAM influence remote regions over
the Atlantic Ocean, Europe, and the tropics after some days.

Positive influence of EXPLC on RMSE of Z, T, Q and wind over Europe
throughout the troposphere.

There is the potential to improve operational medium-range weather
forecasts over Europe during summer by explicitly resolving MCS in
the Sahel at a relatively moderate additional computational cost.

KIT – The Research University in the Helmholtz Association
Acknowledgements
The research leading to these results has received funding from the European Union 7th Framework Programme (FP7/2007-2013) under Grant
Agreement No. 603502 (EU project DACCIWA: Dynamics–aerosol–chemistry–cloud interactions in West Africa) and were conducted in the framework of
the Helmholtz Research Programme Atmosphere and Climate. We gratefully acknowledge Andreas H. Fink for fruitful discussions about meteorology in
(sub-)tropical West Africa. We thank Daniel Reinert, Jürgen Helmert and Florian Prill from DWD for their assistance with the ICON model. www.kit.edu

http://www.kit.edu

