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INTRODUCTION 

• Earth's energy budget                                                                       
determines trajectory and magnitude of climate change  

• Both a powerful constraint on and diagnostic of the water 
cycle globally and regionally 

Flows of energy and moisture between land and ocean, northern 
and southern hemispheres and high/low latitudes are fundamental 
for determining the climate characteristics societies depend upon 

• How is Earth’s energy imbalance currently changing and what 
are the implications for the global water cycle? 
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EARTH’S  GLOBAL  ANNUAL  
AVERAGE  ENERGY  BUDGET 
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IPCC AR5 WG1 Fig. 2.11 

http://www.metlink.org/wp-content/uploads/2014/05/2.111.jpg
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Using GERB 
data to identify 
systematic 
model biases 

Allan et al. (2007) QJRMS 

http://www.met.reading.ac.uk/~sgs02rpa/PAPERS/allan_et_al07QJ.pdf
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Assessing cloud 
properties and 
radiative forcing 
relating to cold air 
outbreaks (e.g. 

Trenberth & Fasullo, 
2010; Karlsson & 
Svensson, 2011 ; Bodas-
Salcedo et al., 2012;  
 Field et al. 2014) 

WHAT  CAUSES  
SYSTEMATIC  
MODEL  BIAS  

IN  SOUTHERN  
OCEAN? 
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WHAT  ARE  CAUSES/CONSEQUENCES  OF  
HEMISPHERIC  ASYMMETRY  IN  ENERGY  BUDGET?  

Link between bias in cross-
equatorial heat transport  by 
atmosphere and inter-
hemispheric precipitation 
asymmetry; Frierson et al. 
(2013) Nature Geosci ; Haywood 
et al. (2016) GRL; Stephens et al. 
(2015) Rev Geophys    
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Above: Loeb et al. (2016) Clim. Dyn 
Right: hemispheric energy budget based  

upon Liu et al. (2015) JGR  

http://www.nature.com/ngeo/journal/v6/n11/abs/ngeo1987.html
http://www.nature.com/ngeo/journal/v6/n11/abs/ngeo1987.html
http://www.nature.com/ngeo/journal/v6/n11/abs/ngeo1987.html
http://onlinelibrary.wiley.com/doi/10.1002/2015GL066903/abstract
http://onlinelibrary.wiley.com/doi/10.1002/2015GL066903/abstract
http://onlinelibrary.wiley.com/doi/10.1002/2015GL066903/abstract
http://onlinelibrary.wiley.com/wol1/doi/10.1002/2014RG000449/abstract
http://onlinelibrary.wiley.com/wol1/doi/10.1002/2014RG000449/abstract
http://onlinelibrary.wiley.com/wol1/doi/10.1002/2014RG000449/abstract
http://link.springer.com/article/10.1007/s00382-015-2766-z
http://link.springer.com/article/10.1007/s00382-015-2766-z
http://link.springer.com/article/10.1007/s00382-015-2766-z
http://link.springer.com/article/10.1007/s00382-015-2766-z
http://link.springer.com/article/10.1007/s00382-015-2766-z
http://link.springer.com/article/10.1007/s00382-015-2766-z
http://onlinelibrary.wiley.com/doi/10.1002/2015JD023264/full
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ECMWF 

predicted 

Super-

saturation 

WHAT  IS  RADIATIVE 
FORCING  OF 

CONTRAIL  CIRRUS? 

Haywood et al. (2009) JGR 

http://onlinelibrary.wiley.com/doi/10.1029/2009JD012650/abstract
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1. Radiative forcing by 1991 
eruption of Mt. Pinatubo 

2. Resulting cooling drives 
decreased water vapour in 
upper troposphere 

3. Diminished greenhouse 
effect amplifies cooling 

4. Climate model simulates 
cooling realistically due to 
realistic water vapour 
feedback 

Soden et al. (2002) Science 
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ARE  SIMULATED 
FORCINGS/FEEDBACKS 
REALISTIC? 

http://science.sciencemag.org/content/296/5568/727
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WHAT IS  SPECTRAL  SIGNATURE  
OF  CLIMATE  CHANGE? 

• Left: Increased 
greenhouse gas 
forcing 1970-97 

• Below: inter-annual 
spectral variability 
from IASI (Brindley et 
al. 2015 J. Clim) 

• Far infra-red <500 cm-1? 
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Harries et al. 2001, Nature 

 infra-red spectrum (cm-1)  

? 

http://journals.ametsoc.org/doi/full/10.1175/JCLI-D-14-00431.1
http://journals.ametsoc.org/doi/full/10.1175/JCLI-D-14-00431.1
http://journals.ametsoc.org/doi/full/10.1175/JCLI-D-14-00431.1
http://www.nature.com/nature/journal/v410/n6826/full/410355a0.html
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HOW  IS  EARTH’S  RADIATION  
BUDGET  &  CLIMATE  CHANGING? 

10 Update from Loeb et al. (2012) Nature Geoscience & Allan et al. (2014) GRL 
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