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Earth’s Energy budget: a key variable...

e Evaluation of weather and climate model processes
e Radiative forcing/feedbacks and ocean heat uptake
e Coupling of global energy and water cycle
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(a) AMSR WVP 12:55 (b) AMSR LWP 12:55 (c) CERES LW 12:48 (d) CERES SW 12:48

Evaluating
model
cloud

processes
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Right: combining
AMSR and CERES
satellite data to
evaluate
simulations of a
cold air outbreak:
Field et al. (2014)
QJRMS
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Evaluating
diurnal cycle of
convection in
models

Right: Use of GERB in
evaluating simulation of
diurnal cycle of convection
over W. Africa in the “grey
zone” of convective
parametrization (4-12km)
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NWP model cloud
radiative bias

LW cloud effect
too small by
about 5 Wm-2

e SW cloud effect

too large...

e _.yettoo little
stratocumulus
cloud cover

e Too few too
bright e.g. Nam
et al. (2012) GRL

GERB/SEVIRI
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Albedo probability distribution
over stratocumulus regions

a) Peru b) West Africa
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Radiative forcing:
contrail cirrus
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LW fluxes (Wm2) SW fluxes (Wm-)
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Using GERB-like/SEVIRI to quantify contrail radiative effects
Example at 14:002Z UK4-SEVIRI:
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Combining satellite and

surface data: RADAGAST

Combining GERB/CERES and ARM

Example: substantial radiative
effect of mineral dust aerosol =2

Model LW biases up to 40 Wm~2

e.g. Haywood et al. (2005); Zhang and
Christopher (2003)
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Evaluating Systematic Model Errors in north Africa

(a) LW leference(W 2) _ (b) SW Difference (Wm™) (d) Tair Difference (K)
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(c) HodGEM2A-CERES OLRc (Wm™)
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DACCIWA - Dynamics-aerosol-chemistry-

cloud interactions in West Africa
EU consortium lead by Peter Knipperts
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Figure 1.4: Geographical overview of the DACCIWA study area highlighted in blue. Supersites and
planned radiosonde stations (black markers) and synoptic weather stations (red dots, proportional to
available number of reports in the WMO Global Telecommunication System from 1998-2012).



Cloud cover

DACCIWA preliminary analysis of cloud cover
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Emerging Weather Forecast Model

Biases in Radiation and Precipitation
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Homogeneous Africa rainfall
record from Meteosat
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Interhemispheric heating and the water cycle
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e Sulphate aerosol effects on Asian
monsoon e.g. Bollasina et al.
2011 Science (left)

e Links to droughtin Horn of
Africa? Park et al. (2011) Clim Dyn

Recovery in Sahel rainfall e.g.
Maidment et al. (2014) JGR
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Changes in Earth’s radiative energy balance

Longwave Anomaly (Wm )

10

(&)}

20°N to 20°S

1 1 § 8 % 8 § | N ] | | L 1 | |
® CERES/TRMM SC — ERBEIERBS NS
s ScaRaB/Meteor SC — ERBE/ERBS SC <]
. ® ScaRaB/Resurs SC --- CERES/Terra SC :
-== Nimbus 7 NS
82/83 El Nino 97/98 El Nino s
— 2 \ =
‘ 86/87 EINino o4,05 &1 Nino a4 L
3 : i s * A“ ’
8 A °
An i

——re

‘---m
- - .

‘ -
e
TLSSE
Fti e

-
-——
-———

——_—nz
 tedededadad L -

o-‘:

,«mm il NN& Vﬂ
f N Leertabes

El Chichon | / Pinatubo Recovery

Eruption  88/90 La Nina  Pinatubo Eruption
| B [P FOR: PO Sl [RChw L TR ) IS PO I et VeSS (OS] W] Y [OS( DO IR I |

"
-

—— T,
-
— T,

o‘_‘
.
B
-

79 81 83 85 87 89 91 93 95 97 99 01

Wong et al. (2006) J Clim: Wielicki et al. (2002) Science



http://journals.ametsoc.org/doi/full/10.1175/JCLI3838.1
http://journals.ametsoc.org/doi/full/10.1175/JCLI3838.1
http://www.sciencemag.org/content/295/5556/841

At what rate is
Earth heating?
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Combining Earth Radiation Budget data
and Ocean Heat Content measurements

Tie 10-year CERES record Loeb et al. (2012) Nat. Geosci.
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Reconstructing global radiative
fluxes prior to 2000
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Use reanalyses or models to bridge gaps in
record (1993 and 1999/2000)

e ERA Interim trends
suspect. Use model...

e UPSCALE simulations
(obs. SST, sea ice &

realistic radiative
forcings) “OBS”

e Net less sensitive to
method than OLR/ASR
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Changes in imbalance in models & observations
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Outgoing
Longwave
Radiation
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Absorbed
Shortwave
Radiation
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Het downward surface flux {(Wim?)
2001-2005 Next steps: estimates

of Surface Flux
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Conclusions

e Synergy between different ERB and other sensors
— Essential in understanding processes
— Confirming biases in models... or data

e Different challenges, different problems...

— Bottom up: evaluation at model time-step required in
understanding & improving process representation

— Top down: diagnosing and understanding climate change

e Net radiative flux imbalance fairly stable ~0.6 Wm™
— Requires anchoring to ARGO ocean heating rate + minor terms
— Influence of Pinatubo and ENSO

— Radiative forcing alone can’t explain surface warming
slowdown: internal variability important

— Reliability of CERES/GERB decadal trends?
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