
Precipitation Recycling in the Amazon 

Forest and the use of Stable Water 

Isotopes  

Group: Ecohydrology and 

hydro-climatology of the 

Amazon 

 

Francina Dominguez 



Group Members:  

 

-Rafael Oliveira (Campinas, Brazil) 

-Francina Dominguez (UofA) 

-Jacob Meuth (UofA) 

-Scot Miller (Wofsylab, Harvard) 

-Bruno Cestaro (da Rocha lab, USP Brazil) 

-Cleiton Eller (Unicamp, Oliveira lab) 

-Abby Swan (Moorcroft group, Harvard) 

Ecohydrology and hydro-climatology of the Amazon 

E Pm 



1 - Born in Colombia where I 

got my bachelorôs degree in 

Civil Engineering. 

2 - I then got my Masters and 

PhD in Illinois - specialized in 

Hydrology. 

3 - When I moved to AZ I started 

working with  Atmospheric Sciences. 

Now I am a hydroclimatologist and a 

professor in both ATMO affiliated to 

HYDRO at the UofA. 

Francina Dominguez 

Assistant Professor UofA 



I am specialized in land-atmosphere feedbacks, 

particularly the contribution of ET to precipitation 

(precipitation recycling). 

surface 
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Motivation : Changes in land surface hydrology will 

affect regional climate variables (precipitation). 

Humans affect land surface, e. g. Deforestation in the 

Amazon Forest. 

Deforestation of Rondonia, Brazil from 1975 to 2001 http://svs.gsfc.nasa.gov/ 



Motivation : Changes in land surface hydrology will 
affect regional climate variables (precipitation). 

Humans affect land surface, e. g. Deforestation in the 

Amazon Forest. 

Deforestation in Veracruz, Mexico. 
www.ico.org/diversification.asp 

Deforestation of Rondonia, Brazil from 1975 to 2001 
http://svs.gsfc.nasa.gov/ 

Overgrazing in New Mexico, 
http://www.sierraclub.org/grazing/ 



E (evapotranspiration) 

F+ (advected moisture in) 

w (precipitable water) 

P (precipitation) 
F- (advected moisture out) 
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Recycled precipitation is the precipitation originating from 
evapotranspiration within a region. 

F+  

E  

a : advected 

m : recycled 



The study of precipitation recycling has been approached in 
a variety of ways. 

E 
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Analytical 
Models 

Stable Isotopes 
of water 

Numerical water 
vapor tracers 
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As  increases, the recycling ratio 
increases. 

As  Ҧ 0, the recycling ratio Ҧ 
0. 

As  Ҧ Ð, the recycling ratio Ҧ 
1. 

This model can be used at the 
daily scale. 

I developed an analytical model to 
calculate precipitation recycling. 

 Ҧ 0 

 Ҧ Ð 

time  space 

Dominguez et al. 2006 



The 2000-2002 drought period in the Southwest presented a sharp 

decrease in precipitation originating as ET. 

Pre-Drought Severe Drought Drought Transition 

Dominguez, F. et al., 2009. GRL 

Evapotranspiration from the South 

West affects precipitation across 

the United States. 

Aug 1-15 (1996-
1999) 

Precipitation 
originating as ET 
from SW region 
(mm/day)  



There is strong spatial and temporal variability in recycling 
ratios. Moisture is relocated with the predominant winds.  

Dominguez, unpublished 



Precipitation recycling is particularly important in central 
South America and the eastern side of the Andes Mountains 

January July 

van der Ent et al. (2010) 
showed that the dominant 
winds, blocked by the 
mountains create very 
high recycling ratios. 



Now that you know the scale that we are interested in,  
! ǉǳƛŎƪ ǿƻǊŘ ƻƴ ŀǘƳƻǎǇƘŜǊƛŎ ŎƛǊŎǳƭŀǘƛƻƴΧ 



The circulation of the atmosphere is driven by the 
rotation of the earth and differential heating. 

The meridional (north-south) circulation is basically driven by the heat 
difference between the equator and pole.  In each hemisphere, three cells 
have the task of energy redistribution. 

From the Equator to about 
30° is the Hadley cell, heavy 
rainfall and convergence are 
associated with this cell. 
 
From 30° to 60° is the Ferrel 
cell. 
 
From 60° to the poles is the 
Polar cell.  



However, these cells move due to the tilt and rotation of the 
earth. These oscillations affect global precipitation patterns. 

Salati et al. 1979 

During the dry season, the predominant easterlies traverse the Amazon forest ς 
transpiration from the forest should be an important source of moisture. 



As I said before, the study of precipitation recycling has been 
approached in a variety of ways. 

Stable Isotopes 
of Water E 

P
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Stable isotopes are the only way to characterize recycling 
using physical observations. 



Using isotopes, Salati et al. (1979) estimated that approx. 
50% of the precipitation in the Amazon forest came from ET. 



As an air mass follows a trajectory from its source it looses water through 
precipitation, this is called  rainout. 18O and 2H preferentially goes to the rain, so 
rainout distills the heavy isotopes according to a Rayleigh-type distillation 



However, transpiration contributes to isotopically enriched water and hence the 
ƛǎƻǘƻǇƛŎ ŎƻƳǇƻǎƛǘƛƻƴ ŘƻŜǎƴΩǘ ŎƘŀƴƎŜǎ ƳǳŎƘ ŀǎ ǘƘŜ ǾŀǇƻǊ ƳƻǾŜǎ ƛƴƭŀƴŘΦ όSalati et 
al. 1979) 



We use a Picarro L1115-i Isotopic Liquid Water and Water Vapor 
Analyzer, that uses cavity ring down spectroscopy. It provides 18O, 
D and specific humidity measurements every 5 seconds. 



Water vapor isotope concentrations in complex 

terrain are highly variable in space and time. 

Micro-scale 
(evapotranspiration) 

Meso-scale                     
(mountain-valley breeze) 

Synoptic 
Scale(Fronts) 



Valley breezes occasionally account for large variability in 
the morning. 

The mid-morning change in 
wind direction reveals a 
thermally driven valley breeze. 


