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Land mean surface energy balance in CMIP5 GCMs
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downward radiative fluxes in CMIP5 models
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Constraints from surface observations

Baseline Surface Radiation Network

WCRRP initiative, starting in 1992

Highest measurement quality at selected sites
worldwide (currently 51 anchor sites)

Minute values

Ancillary data for radiation interpretation

Global Energy Balance Archive

T Worldwide measurements of historic energy
Ly fluxes at the surface (2500 sites)

| AR 'g’i‘?; Solar radiation data at many sites since 1930s,
BRI b 0 I R IS some back to 1930s

Ohmura, Gilgen, Wild 1989 ¢ Monthly mean values
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Evaluation of CMIPS5 surface radiation balance

Long -term observation sites from GEBA and BSRN
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Evaluation of CMIPS5 surface radiation balance

s

Long-term observation sites from GEBA and BSRN
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vvv
uuuuuuu

((((((

:
W

eeeeeeeeee
solarabsorbed WMmay ] fatentheat
aaaaaaaaaa

sssss

imbalan
0.6 l o

SWiown @gainst 760 GEBA sites LW, against 41 BSRN sites
42 BSRN sites

Using point observations to assess gridded datasets:

Estimated error due to subgrid variability ~ 3 Wm-2
at individual sites (Hakuba et al. 2013 JGR)
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Evaluation of CMIP5 surface radiation balance

MRI CGCM3
300 e o2
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o 200}
- :
SWdown 2 150
760 GEBA sites 100 f

50 r-093

50 100 1 50 200 250 30(
0OBS

Constraining surface fluxes with GEBA obs:

Most models overestimate surface SW down

Wild et al. 2013, Climate Dynamics




Evaluation of CMIPS surface radiation balance
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Evaluation of CMIP5 surface radiation balance

CMIP5: SURFACE SOLAR DOWN BIASES

{mm Model bias at 760 GEBA sites
{=mm Model bias at 42 BSRN sites
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Different CMIP5 models

Multimodel mean bias SWdown at 760 GEBA sites:+10 Wm~2

Multimodel mean bias SWdown at 42 BSRN sites:+8 Wm~2
Wild et al. 2013, Climate Dynamics
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Evaluation of CMIP5 surface radiation balance
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g Constraining surface fluxes with BSRN observations:

CMIP5 models typically underestimate LW down
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Evaluation of CMIP5 surface radiation balance

CMIP5: SURFACE THERMAL DOWN BIASES

mm Model bias at 41 BSRN sites 5
== Model bias at 45 GEBA/BSRN sites -
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Different CMIP5 models

Multimodel mean bias LWdown at 41 BSRN sites: -6 Wm~2

Multimodel mean bias LWdown at 45 GEBA/BSRN sites: -7 Wm~2
Wild et al. 2013, Climate Dynamics




Constraining LW surface fluxes in CMIP5 models

Surface LW down

GCM global means versus their biases averaged over 41 BSRN sites
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Constraining LW surface fluxes in CMIP5 models

Surface LW down

GCM global means versus their biases averaged over 41 BSRN sites
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Constraining LW surface fluxes in CMIP5 models

Surface LW down

GCM global means versus their biases averaged over 41 BSRN sites
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Estimates consistent with direct observations
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Perturbations
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Perturbations
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Changes in downward LW radiation



Observed changes downward longwave radiation

LW down South Pole 1994 2011

125 —L|n regressmn anaIyS|s ;

- Slope: 0.35 Stderror: 0.11 :
120 F k

115F

110F

105E ;
J0ok | NOAAESRL

1995 2000 2005 2010
Observed changes at BSRN sites since early 1990s:
25 longest BSRN records (totally 353 years): +2.0 Wm?dec-’

cf. Philipona et al. (2009): + 2.4-2.7 Wm-?dec" (Europe, 1981-2005)
Wang and Liang (2009): + 2.2 Wm-2dec" (1973-2008)
Wild et al. (2008): + 2.6 Wm-2dec'’ (BSRN sites 1990s)
Prata (2008): + 1.7 Wm-?dec" (clear sky, 1964-1990)

Updated from Wild et al. 2008, GRL
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Downward longwave in RCP scenarios

CMIPS5 projections 21th century
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Downward longwave in RCP scenarios

CMIPS5 projections 21th century
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Perturbations
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Decadal changes in surface solar radiation

Insolation anomalies (Wm-2)

56 sites in Europe, 1939 — 2012
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Decadal changes in surface solar radiation

56 sites in Europe, 1939 — 2012
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Decadal changes in surface solar radiation
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Decadal changes in surface solar radiation

56 sites in Europe, 1939 — 2012
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=> Not adequately reproduced in CMIP5 models
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Summary

Still large uncertainties in global mean radiation budgets in CMIP5
models, particularly at the surface.

=> Direct observations can provide additional constraints.

CMIP5 models tend to overestimate surface downward shortwave and
underestimate downward longwave radiation compared to surface obs.
> long standing issue in climate models (AMIPI, II, CMIP3).

Global mean budget: estimated downward longwave is higher /
downward shortwave is lower than in some of the previous estimates.

Global surface energy and water budgets consistent within error bars.

Significant decadal changes observed in both surface longwave and
shortwave fluxes.

Observations indicate increase of downward longwave radiation of
2 Wm2 per decade, in line with CMIP5 simulations and expectations
from increasing greenhouse effect.

Surface shortwave radiation also undergoes strong decadal changes
(“dimming/brightening”), not fully captured in CMIP5 Models.



Separation in land and ocean energy balance

Global mean energy balance

Ocean mean energy balance
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