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Water	in	the	climate	system	

Its	physical	properties	determine	
	
•  How	strong	greenhouse	effect	is;	
•  Planetary	albedo;	
•  Thermodynamic	structure	of	the	troposphere;	
•  Large	scale	circulation;	
•  Hydrological	cycle;	



GEOS-5					http://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=3811	

Total	column	water	vapor	



Water	is	rare	

H2O	 Equivalent	in	meters	
Liquid	or	solid	water	in	the	atmosphere	 0.0001	m	

Vapor	in	the	atmosphere	 0.025	m	

Water	in	soil,	lakes,	rivers	and	glaciers	 50	to	75	m	

Oceans	 2800	m	

Water	in	the	atmosphere,	be	it	vapor,	liquid	or	solid,	is	the	
least	likely	place	to	find	a	water	molecule	in	the	climate	
system.		

Its	important	role	steams	from	its	radiative	properties	



BOOK:	SCIAMACHY	-	Exploring	the	Changing	Earth's	Atmosphere	
http://atmos.caf.dlr.de/projects/scops/	

Observed	Solar	Spectrum	



BOOK:	SCIAMACHY	-	Exploring	the	Changing	Earth's	Atmosphere	
http://atmos.caf.dlr.de/projects/scops/	

UV	
7%	

VIS	
44%	

Near	IR	
37%	

S0 ~1365 W/m2  



H2O	vibraFon	and	rotaFon	
� The	water	molecule	has	a	very	small	moment	of	
inertia	on	rotation	which	gives	rise	to	rich	combined	
vibrational-rotational	spectra	in	the	vapor	containing	
tens	of	thousands	to	millions	of	absorption	lines.	

http://www1.lsbu.ac.uk/water/water_vibrational_spectrum.html	



Energy	levels	

� Energy-level	diagram	
of	double-	and	triple-
resonance	vibrational	
overtone	excitation	
(photons	P1–P3a)	
followed	by	
photodissociation	
(dashed	arrows,	
photons	P3b	or	PP)	
and	OH	fragment	

MAKSYUTENKO,	Phil.	Trans.	R.	Soc.	A	(2012)	doi:10.1098/rsta.2011.0277	



Stevens	&	Bony,	Physics	Today	2013		



Image	by:		
Robert	A.	Rohde	
Global	Warming	Art.		





Natural	Greenhouse	effect	
		

Radia=ve	
efficiency	
(W	m-2/ppb)	

Pre	
industrial	
conc.	
		

Natural	Greenhouse	
effect	(W	m-2)	

Concentra=on	
in	2011	
		

Antrop.	
Forcing	
(W	m-2)	

H2O	 		 		 75	 51	 		 		

CO2	 1.37		10-5	 278±2	
ppm	 32	 24	 390.4±0.2	

ppm	 1.82	

O3	 		 		 10	 7	 		 0.35	

CH4	 3.63		10-4	 722±25	
ppb	 8	 4	

1803.2±1.2	
ppb	 0.48	

N2O	 3.03		10-3	 270±7	
ppb	

324.3±0.1	
pbb	 0.17	

CF4	 0.1	 34.7±0.2	
ppt	 		 79.0±0.1		

ppt	 0.0041	

Outros	 		 		 		 		 0.01	
Total	 		 		 125	 86	 		 2.83	

Hartmann	et	al,	IPCC	(WG-I)	2013	
Kiehl	and	Trenberth,	BAMS,	1997	



http://svs.gsfc.nasa.gov/goto?11719	

H2O	is	not	a	forcing	because	it	is	
not	directly	emiTed	as	CO2	



Vapor	phase	diagram	
�  Vapor	refers	to	a	
gas	phase	at	a	
temperature	where	
the	same	substance	
can	also	exist	in	the	
liquid	or	solid	state,	
below	the	criFcal	
temperature	of	the	
substance.		

�  Tcr(H2O)	=	374	°C	
�  Ttp(H2O)=0.01	°C	



Clausius-Clapeyron:	
	
	
	
	
Saturation	vapor	pressure:	

Water	vapor	parFal	pressure	

http://earthsci.org/processes/weather/
weaimages/weaimages.html	



Clausius-Clapeyron:	
	
	
	
	
Saturation	vapor	pressure:	

Water	vapor	parFal	pressure	

Stevens	&	Bony,	Physics	Today	2013		



http://earthobservatory.nasa.gov/GlobalMaps/view.php?d1=MODAL2_M_CLD_FR	

NOAA	HIRS	1979-2001,	Wylie	et	al,	J.	Clim.	2005	
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6	orders	of	magnitude	in	volume	



Clouds	(liq/ice)	strongly	interact	
with	SW	and	LW	radiaFon	

Stevens	&	Bony,	Physics	Today	2013		



ParFcles	are	very	complicated	
� Classical	electromagnetism	

�  Rayleigh	scattering	-	molecules	
� Mie	scattering	–	aerosol	and	droplets	

Size	<<	λ	 Size	≈	λ	 Size	>	λ	



Effects	on	SW	radiaFon	

Harrison	et	al,	JGR	1990	



Effects	on	LW	radiaFon	

Harrison	et	al,	JGR	1990	









Heat	Exchange	



CPTEC	-	INPE	



Lawrence	Berkeley	National	Laboratory.	





Stevens	&	Bony,	Physics	Today	2013		



DistribuFon	on	the	Earth	

Annual	mean	solar	radiaFon	
budget	at	top	(W/m2)	

Trenberth	and	Stepaniak,	J.	Clim.	(2003)	

Annual	mean	outgoing	long	
wave	radiaFon	at	top	(W/m2)	



©The	COMET	Programme,		
http://www.meted.ucar.edu/tropical/textbook_2nd_edition/print_1.htm		



Atmospheric	and	Oceanic	circulaFon	



Global Precipitation 



Savanna 

Seasonal 
Forest 

Rainforest 

Source: Malhi et al., Exploring the likelihood and mechanism of a climate-change induced dieback of the Amazon 
rainforest,  Proceedings of the National Academy of Sciences, 2010  

A Rainfall Biogeography of Amazonia 




