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Sources of information for regional ‘=

climate assessment

» natural climate variability
historical data —) = observed trends
= model validation

» large-scale features
global climate modelS wp = long-term perspective
» uncertainty range from
multi-model ensembles

l

92UapIUO0D

» synoptic processes
» regional details of climate =)
change

regional downscaling
dynamical | statistical

= model evaluation
—) = gCcenario setup —]
= conclusions for impact
research

physical process
understanding

IPCC 2007, S. 849
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Different regional foci on Africa

Northwest Africa:
Morocco, Antiatlas
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Sub-Saharan Africa:
Benin
Ghana & Burkina Faso




Historical data and dr

decadal rainfall variability in West Africa
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ving forces

Driving forces

oceanic
forcing
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Greenhouse-gas
forcing

|

feedbacks with
land surface /
land degradation

<

natural variability




Historical rainfall data for Benin &/
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¢ Hourly 0.1 gridded meteorological parameters
>/« since 1983 (satellite/synop-based)

Continued as real-time monitoring system at
. national weather service
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Global climate models =/

IPCC-AR4 21 global GCMs with radiative forcing

Annual
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Global climate models =/

IPCC-AR4 21 global GCMs with radiative forcing
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Regional downscaling S

dynamical downscaling statistical downscaling

» global scale
- ECHAM(4, re-analyses
- 300 km, 200 years

» synoptic scale
- REMO
- 55 km, 90 years

moael OUIPUI

statistics (MOS)

» regional scale
- LM

weather-type
- 7-28 km, 1 year

recombination

» local scale
- FOOT3DK

-1-7 km, 1 week weather generator



Regional downscaling: REMO o/
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Regional downscaling: REMO <)

TEMPERATURE (°C) PRECIPITATION (mm)
total change under A1

= prominent warming
and drying in sub-
Saharan Africa
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TEMPERATURE (°C)

PRECIPITATION (mm)
total change under A1
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Regional downscaling: REMO

),

&

= prominent warming
and drying in sub-
saharan Africa

= land degradation is
primarily responsible
for the drying
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Regional downscaling: LM & FOOT3DK ~

FOOT3DK
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7.6°W 7.2°W 6.8°'W 6.4°W 8'W 5.6°'W

daily rainfall amount for a southwesterly flow over the Draa region

— windward effect of Antiatlas correctly simulated by high-resolution model FOOT3DK

Figure courtesy of K. Born & K. Piecha



" Regional downsc.: weather generator ‘&~
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local topography
(physical part)
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Regional downsc.: weather generator ‘&~
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' Process understanding: "/
Tropical-Extratropical Interaction

IMPETUS finding: Consequences for IMPETUS
up to 40% of the annual rainfall south of | climate scenarios:
the Atlas Mountains is associated with understanding of regional climate

plausible climate future

!

slight increase in annual precipitation
at the Saharan flank of the Atlas
(Tropical-Extratropical-Interactions)
and more rain at the Guinean Coast
(land-see breeze convection)

Further reading:
. Knippertz (2003, MWR)
Troplcal Plume, 22.10.2003 12 UTC: Knippertz and Martin (2005, QJRMS)

abundant rains from Senegal to the Maghreb set the Knippertz and Fink (2006, PROMET)
stage for the locust outbreak in 2004
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Climate model data for impact studies =~

climate models statistical calibration impact studies
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weather-type
recombination
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weather generator health

IMPETUS/GLOWA-VOLTA
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Central Question: How Does Climate Change e
Impact Water Availability in West Africa?




Focus: the Volta Basin
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Footprints of Climate Change: Trends in Temperature

Trend in mean annual daily ma w perature
[ °C/25years ]
‘ 0.48
95% . - .
N Significant increase
J

| ‘ | of temperature
o5 || in all areas

Temperature increase
in last 25 years
up to=1°C

Legend
X not significant

>> global mean
temperature increase

e max-MT(y) [°C/25 y]
significance [%]

Kriging of max-MT(y) [° C/ y]
C—J0.012-0.015

0.016 - 0.019

0.020 - 0.022

0.023 -0.026

0.027 - 0.029

0.030 - 0.033

0.034 - 0.036

0.037 - 0.040

0.041 - 0.043

= highly climate
sensitive region
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Footprints of Climate Change: Trends in Precipitation

Trend mean annual precipitation
[ mm/25years ]
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Significant decrease
of annual precipitation
in specific areas

= 15% precipitation
decrease in last 25
years!

= 25% precipitation
decrease in last 25
years!



Footprints of Climate Change: Trends in Onset of Rainy Season

9 days delay

28 days delay

18 days delay

18 days delay
18 days delay

200 0 200 400 Kilometers

Delay in onset: up to = 30 days in last 40 years!
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Looking into the Future: Joint Climate Hydrology Simulations ez

GCMs

RCMs Catchment
Atmosphere & Ocean Ax = 81...9km Hydrology:
Ax = 300 km Ax = 1km

Global driving Regional patterns &

Detailed terrestrial
soil-vegetation-atmosphere water balance
feedbacks
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Looking into the Future: Joint Climate Hydrology Simulations

 Temperature
* Precipitation

« Wind
* Relative Humidity
« Radiation

» Orography

« Land use

» Soil properties

» Aquifer properties
Flownet structure

-

Evapot irati Surf ff
vapotranspira Iolnnfiltration urtace runo Groundwater flow

1 km resolution
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Regional Climate Modeling: Validation Control Run
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Regional Climate Modeling: Temperature Change till 2039 e

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
——1991-2000 —=-2030-2039

Mean monthly temperature [°C]
(2030-2039 vs. 1991-2000)
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Regional Climate Modeling: Precipitation Change till 2039

Significant decreases in April
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Performance of Joint MM5-WaSiM Simulations e
Barnboi Saboba
' ' | 1968 - ' ' | |
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Bamboi Boromo Dapola Nawuni Pwalugu Saboba

NSE(d) 0.95 0.31 0.82 0.84 0.3 0.85
NSE(m) 0.84 0.74 0.85 0.79 0.33 -

Reasonable performance of joint model system
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Impact Climate Change on Terrestrial Water Availability

Nonlinear & amplified response
of change in discharge
to change in precipitation

BIack’VoIta

25
) lad (p’ "-'.«—v i
¢
_f-—l o !.JJ r ]
P ey
S /“& 1‘"‘..
. ek .
: ! i S
. ____I.i {r L v T
_‘-\. ; [I—— \. ¢ -;' — |
I?“:L‘*---i\ T g“nii
-_r: Wt h _-', o
E m i
K wERERY
Y .
i W ~
¥ = rll l?-k : . . .
ha B Bamboi Boromo  Dapola Ekumdipe Nawuni  Saboba
-
é‘-_ o -5 - M precipitation 2030-2039 vs. 1991-2000 [%]
'? x ,\ T @ discharge 2030-2039 vs. 1991-2000 [%]
5 "l‘-r'}l'"’- :
._&k_“‘l_": I.‘f'



g T e R N . P UESEE . T SRR N
| PYUATR A

Impact Climate Change on Terrestrial Water Availability

[%]

jan feb mar may jun jul aug sep oct nhov

E prec change M gtot change @ etr change M soilm change

Changes in seasonal distribution of water availability
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Impact Climate Change on Terrestrial Water Availability

X —X
Signal to Noise ratio: SN = X
(o2

pres | > 1?

guinea coast | |
—— - zahel

signal/naoise
signal/noise

| 1 L 0 N - -
fab apt jun auy oct dec jan feb mar apr may jun jul aug sep oct nov dec year

SN for precipitation SN for precipitation, evapotranspiration
& river runoff

Climate change signal predominantly within range of inter-annual
variability
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General Conclusions s

 GLOWA projects have accounted for various sources of information
for regional climate change assessment as recommended by IPCC

 Scale bridging: from global to catchment scale

« Compartment bridging: from the atmosphere to the subsurface

* Clearly significant trends towards warmer climate in pilot regions

» Expected land use changes induce decrease in precipitation

» Expected GHG-forcing induces regionally decreased water availability

« GLOWA projects provide variety of regional climate change information
for impact studies and decision making
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