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Overview

Climate Models  Earth System models

MPI-M Earth System models
MPI-M climate simulations for IPCC 4AR

Atmosphere — hydrology feedbacks

Atmosphere — hydrology — vegetation feedbacks




Hydrological Cycle




MPI-ESM: Processes
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MPI-ESM: model components
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IPCC Scenarios




Setup of MPI-M simulations for IPCC 4AR @

Historical Climate (1860 — present), Focus: 1961-1990

Scenarios (present to 2100), Focus: 2071-2100

Low emission scenario: B1
Moderate emission scenario: A1B
High emission scenario: A2

: 3 ensemble members for

historical control simulation and each scenario
Horizontal Resolution of ECHAMS: T63 ~ 200 km

Forcing with observed / prescribed (for scenarios) concentrations

of CO2, Methane, N20, CFCs, Ozone (Tropos-/Stratosphere),

Sulfate Aerosols (direct and 1. indirect effect)

RCM REMO: 3 ensemble members for historical
control simulation (1950-present) and A1B scenario, 1
member for B1 and A2

Horizontal Resolution: 0.44 q ~ 50 km
Forced at the lateral boundaries by the GCM output
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Land-atmosphere coupling implies
feedbacks between land surface

processes and the atmosphere




Feedbacks Atmosphere-Hydrology %

Soil Moisture — precipitation feedback

Reduced precipitation  Drying of soll = less soil
moisture  less evapotranspiration less local
recycling of moisture into the atmosphere  less
precipitation

Snow - albedo feedback

Warming less precipitation falling as snow,
Increased snowmelt lower surface albedo  more
energy uptake of surface  warming of surface
Increased snowmelt

Desertification

Warming  more droughts  drying of soil and
erosion less water storage capacities of soll
more runoff, less infiltration  further drying
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IPCC 4AR models: Precipitation

Relative Changes of Precipitation

» 2080-2099 compared to 1980-1999

 Left panel: DJF, right panel: JJA

« white: less than 66% of models agree in sign of change
 dotted: more than 90% of models agree in sign of change
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Climate change signal over the Danube




Climate change signal over the Danube




Danube: Soil Moisture feedback to Evapotranspiration




Danube: Precipitation for control climate




Conclusions %
Danube

Projected summer drying in tlitmnube catchments stronger in the
GCM than in the RCM.

Higher RCM resolution leads to a better represemtaifdocal scale
processes and feedbacks.
PRUDENCE results (Hagemann and Jacob 2007) indicatéhte use of
RCMs can compensate problems that a driving GCM nigté with the
representation of local scale processes or parameienzat

The better description of surface processes, higheesolution and non-
linear scale interactions in the RCM gives a betterapresentation of
present day climate and hence a more credible climatchange
projection than a GCM.

Hagemann et al. 2008Clim. Dyn., doi: 10.1007/s00382-008-0403-9
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2071-2100 Projected temperature change (A1B) %







Feedbacks Atmosphere-Hydrology %

Soil Moisture — precipitation feedback

Reduced precipitation  Drying of soil = less soill
moisture less evapotranspiration less local
recycling of moisture into the atmosphere  less
precipitation

Snow - albedo feedback

Warming less precipitation falling as snow,
Increased snowmelt lower surface albedo  more
energy uptake of surface  warming of surface
Increased snowmelt

Desertification

Warming  more droughts  drying of soil and
erosion less water storage capacities of soll
more runoff, less infiltration  further drying
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Feedbacks Atmosphere-Hydrology

Permafrost
Warming  permafrost melting
Increase in wetlands  increased methane
production
release of stored soil carbon
Increase atmospheric GHG

Wetlands

Increase may lead to more methane production
Decrease may Yyield results similar to the soil moisture
— precipitation feedback

Further topics that may involve important feedbacks
Groundwater



Permafrost and Climate modelling %

Large part (~24%) of terrestrial land surface is ulade by permafrost (PF)

PF areas situated in high latitudes — where climatenwng is more
pronounced than elsewhere, and (according to IPC&) ARl continue
to do




Permafrost and Climate modelling

* PF soils build a globally relevant carbon reservoir:
large amounts of deep-frozen organic material,
high carbon contens

o If PF melts, stored carbon can be decomposed and released to the
atmosphere as additional greenhouse gas
—— positive feedback!

* Questions arising: How fast, how deep and to what temperature
are PF soils going to thaw?  on-going Ph.D. thesis Tanja Blome , MPI-M

http://www.sciencenews.org/articles/20070310/bob10.  asp http://sis.agr.gc.ca/cansis/taxa/landscape/sic_prairie.html
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Feedbacks Atmosphere-Hydrology

Permafrost
Warming permafrost melting
Increase Iin wetlands  Increased methane
production
release of stored soil carbon
Increase atmospheric GHG

Wetlands
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— precipitation feedback
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Hydrological importance of wetlands

Fractional wetland extent for 0.5 deg gridcells (based on GLWD,
Lehner & Doell, 2004)

« Cover about 6-8% of the land surface
* Provide huge area for maximum evapotranspiration
e Regulate river discharge and store water




Wetlands @

Wetlands
Anoxic decomposition produces methane

Increase in wetlands area may lead to more methane

production
Decrease may Yyield results similar to the soil moisture

— precipitation feedback

on-going Ph.D thesis of Tobias Lau, MPI-M
(WATCH)




Feedbacks Atmosphere-Hydrology

Permafrost
Warming  permafrost melting
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production
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Wetlands
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Atmosphere-Hydrology-Vegetation

feedbacks




Feedbacks Atmosphere-Hydrology: direct CO

, effect
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Possible impacts of CO , effect on river runoff %

¢ l : #3
%
&

Gedney et al., Nature, 2006 Piao et al., PNAS, 2007
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Setup for CAMIP simulations at MPI-M

Horizontal Resolution of ECHAMS: T63 ~ 200 km
Forcing with CO2 emissions

Two A1B simulations
Greenhouse: all effects of CO2 on radiation and vegetation are
iIncluded
No greenhouse: only effect of CO2 on vegetation is included, i.e.
no warming due to radiation feedback

Raddatz et al. 2007, Climate Dynamics




measured
simulated (greenhouse)




How strong is the carbon cycle - climate feedback?

ppm

atmospheric CO2 concentration

CO2 acts on radiation,
stomata and photosynthesis

(greenhouse) T~

\

COZ2 acts on stomata
and photosynthesis only
(no greenhouse)



Sinks and sources

C uptake, "greenhouse" run (2070 - 2100)

sink




Carbon cycle £ climate feedback

(%

net surface CO2 flux, "greenhouse" - "no greenhouse"

positive feedback
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negative feedback

(2070 - 2100)






ENSO and Carbon Fluxes

El Nino Southern Oscillation
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© Neelin et al. (2003)
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Thesis:

A positive carbon cycle — climate feedback withirs ttentury
arises mostly from the impact of global warmingta
tropical land biosphere.
Arguments:

Plants in the tropics can not profit from warming.

NPP is higher in the tropics.

Conclusion:

Large uncertainties remain in estimates of future keartbon
uptake.

Nitrogen limitation of plants is not included, whimay likely
reduce the positive Ceedback.




Subtropical land cover - atmosphere coupling

Charney's feedback




Subtropical land cover - atmosphere coupling
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Subtropical land cover - atmosphere coupling

g - < 0 2 34)50/)0- 6(65-0) 3446 )5(7
‘ 0 % %
% 1" 5-42 %!
0
. " 2)-589 5-6).26:2

% ,1




Annual rainfall anomaly over the West African Sahel
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Boreal land cover - atmosphere coupling: taiga-tundra feed

back
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Boreal land cover - atmosphere coupling: taiga-tundra feed

back
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Conclusions @

A number of land-atmosphere coupling mechanisms
may lead to large-scale changes of hydrology

Inclusion of interactive vegetation and carbon cycle
Important for several feedbacks

For the adequate regional assessment of some
feedbacks the use of RCMs is strongly recommended
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Thank you for your attention!




