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Outline

* Energetics of ENSO
— How important is radiation?

 Feedback
— Kernel method

* GCM vs. OBS
— OBS: CERES + ERA-Iinterim
— GCM: CMIP5 models
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Radiation data
— CERES (TOA)
— ERAI (SFC)

Atmospheric data

Data and Method
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— ERAI Temperature (T) and humidity (q)
Radiation budget decomposition
— Kernel method [Shell et al. 2008; Soden et al. 2008]
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AR;otq1: CERES or ERAI radiation flux; Ky: radiative sensitivity kernel
— A new set of ERAi atmosphere-based kernels

“Feedback”

— Ay = regr(ARy, SST): monthly radiation anomaly regressed to Nino3.4 SST
X:T, g, C; units: W m=2 K1
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(a) Ta, all-sky W m?K'/100hPa  (b) Water vapor, all-sky W m? K"'/100hP
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Contrasting patterns of H,0 and CO, forcing!



Cloud feedback: OBS
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Ay = regr(ARy, SST): Radiation anomaly regressed to Nino3.4 SST  units: W m2K!



Cloud feedback: GCM
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NCAR CESM is shown here; similar bias in all CMIP5 models. units: W m=2 k-1



Cloud feedback: CMIP3 vs. OBS

Longwave Shortwave

observations

control

AlB

F1G. 5. (left) Longwave cloud feedback, (middle) shortwave cloud feedback, and (right) net cloud feedbacks, for (top) ERA-Interim
reanalysis combined with CERES measurements of all-sky flux, (middle) the control ensemble, and (bottom) the A1B ensemble. In all
panels, the units are W m > K '. Note that the color scale varies among the panels.

Similar model bias (too positive TOA cloud feedback) was reported earlier
[Dessler 2013]



s GCM cloud feedback too positive?

b. 60°N-60°S Oceans
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* Biased dR/dT; in GCMs?

— Comparison between CERES
and some GCMs (CMIP3)
showed seemingly too positive
radiative feedback in GCMs
[Spencer&Braswell 2011].

— Debate between Lindzen&Choi
2009, 2011, Spencer&Braswell
2011; Murphy 2010, Trenberth B G S B @ 6 E @ 8 43 NE 4
2010, Dessler 2011; Trenberth Lag in Months

2011, ... R-Ts lead/lag regression
R: CERES (upward positive);
Ts: HadCRUT3
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Note the sign definition is opposite
here.
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Regression Coefficient (Wm ™ K™)

Regression Coefficient

Tropical mean cloud feedback during ENSO cycle
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Ay ¢ = regr(ARy, SST; t): Lagged regression to Nino3.4 SST
t: lag time; X: T, q, C; units: W m2 K!
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Conclusions

Cloud TOA radiation feedback is a positive energetic feedback
for the tropical atmos-ocean system during the developing
phase of ENSO and a negative feedback during the dissipating
phase. GCM can reproduce this basic dR/d(SST) relationship.

GCM ATM feedback is noticeably more biased, especially
when LW and SW components are separately examined.

CMIP5 GCMs still show a noticeable too-positive cloud TOA
feedback bias in the central and eastern Pacific regions. This is
due to a too positive LW cloud ATM feedback in this region.
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Feedback during ENSO
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Tropical Mean (TOA) The lead-lag regression
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Cloud feedback regressed onto Nino3.4
, ERAI 1979 — 2016 , ]
(a) TOA LW 0.04 Wm™/K b) TOA SW 0.00 W m#/K ¢) TOA net 0.04 W m2/K

2/K

Changes to make:
First row: Show TOA only here, highlight non-positive feedback from
obs;
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Cloud feedback regressed onto Nino3.4
, CESM—CAMS5 100—year Control exl_)zeriment ,
50N a) TOA LW 0.01 Wm“/K b) TOA SW 0.15Wm“/K ¢c) TOA net 0.17 Wm™/K
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Nino3.4 Anomalies
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(a) Climatology %
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ENSO
development

* Tropical temp.

regressed to
Nino3.4 index

* Average dTs>0

beginning from
lag=-6 mon.

Data: ERA-Interim
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