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1) We observe a strong anti- correlation 
between interannual variations of energy  
into the tropics and the height of the 
tropopause - ie less energy in, the deeper 
the atmosphere

2) The interannual variation of  EEI arises 
from variations in clear sky LW emission 
and cloudy sky shortwave reflection

Does this correlation between EEI and 
tropopause height expose feedbacks 
between  clouds & their SW radiation 
properties and the depth of the troposphere 
and the subsequent ability of the tropics to 
remove heat build up by emission?
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We don’t yet know the consequence of this finding on the larger 
aspects of the Earth system





• GISS SST

• CERES EBAF 2000-2015 

– TOA, surface radiative fluxes

• Scatterometer 2000-2009 

– Surface winds, convergence/divergence

• Aqua – AIRS,MODIS 2003-2015 

– clouds, humidity

• CloudSat-CALIPSO 2006-2011 

– vertical cloud profiles, radiative heating rate profiles heating

• GPCP – 1978-2015

– Precipitation, with ECMWF divergence defines ITCZ location & extent

• DMSP-based microwave 1984-2015 climatology (NASA measures) 

– cloud liquid water, water vapor  

• OA Woods Hole turbulent fluxes (OAflux)

• MERRA & ERA  reanalysis

GISS SSTs, Nino3, Nino3ex
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Convection related feedbacks within ENSO

The global UTH response to Nino3 warming 

GISS SSTs, Nino3, Nino3ex

Stephens et al., 2017

GPCP precipitation response (relative)  
Surface wind response (MERRA)
Mean location of ITCZ 
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Regional responses in condensed water is super CC
• high clouds (ECFice) ~41%K-1

• cloud liquid water content (cLWP) ~28%K-1

• precipitation (TP) ~55%K-1

Regional water vapor response ~ CC

Regional surface flux  responses dominated by 
cloud effects on solar flux changes (~17 Wm-2K-1)

Tropical cloud changes are dominated by high 
clouds changes

Radiative heating gradients (+15 Wm-2K-1 to -7Wm-

2K-1) reinforce LH gradients & circulation 

Tropics wide responses are small underscoring the 
point that opposing responses occur

Synthesis of aggregated responses

Absolute changes

Relative changes
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moist

Cold & dry
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2 Warmer SSTs & 
reduced surface heat fluxes

3 Enhanced precipitation, 
latent & radiative heating

5 Enhanced low-level 
convergence 

3 & 4 Increased high clouds

1 Weakened easterlies, 
weakened ocean mixing and 
increases SST

4 Reduced high clouds, drier 
troposphere and enhanced 
radiative cooling to space and 
increased subsidence 

4 Enhanced surface heat 
flux

Summary
ENSO is an example of a coupled dynamical-radiative-convective system – its all about 
heating coupled to dynamics
Atmosphere produces reinforcing (+ve)  feedbacks and the surface opposing (-ve) feedbacks 
as envisaged in Webster 1994  

Regional responses of the condensed water properties (clouds and precipitation) are far 
from linear and do not follow the responses expected from simple CC thermodynamic 
arguments. 

+ve Bjerknes feedback

-ve heat flux feedback
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