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Amazonia	has	been	studied	in	isola1on	
from	the	the	Andes	

Diverse research programs (+25 years) 
devoted on the low-lying Brazilian Amazon 

None in the non-Brazilian and upper Andean 

? 



LBA Overarching Questions 
• How does Amazonia currently function as a regional entity 

within the larger Earth system,  in terms of Hydrology, 
Climatology and Biogeochemical Cycles. 

• How changes in land use and climate will affect the 
biological, physical, and chemical functioning of the 
region’s ecosystem. 

• But….these fundamental questions can not be answered 
without considering Amazonia in its entirety from the 
headwaters in the high Andes, and the feedbacks with the 
low-lying Amazonia. 



Wettest regions of Amazonia in Colombia,Ecuador, Peru 
(Water & Energy Budgets, Clouds, Carbon?) 

W. Sombroek, Ambio, 2001 



Number of consecutive months with rainfall less than 100 mm/month 

W. Sombroek, Ambio, 2001 



•  Thirteen percent of the Amazon 
River basin is located in the Andes. 

•  Nine of the main rivers in the basin 
flow from the Andes  (McClain & 
Naiman, 2008). 

•  The Andes and & Amazon conform 
a coupled system exhibiting hydro-
climatological feedbacks.  

(McClain and Naiman, 2008) 

The mountain range acts as a barrier 
for winds influencing the movement of 

air masses over the basin 
 

Poveda et al., Paleo-3, (2006) 

(Marengo et al., 2004) 



Tropical	Glaciers	of	Andes:		
Headwaters	of	the	Amazon	River	Basin	



Andes: Headwaters of the Amazon River Basin (2) 
Strong Topographic, Climatic, Ecological Gradients 



Fate of Páramos, Yungas, Punas, 	
& Cloud Forests?	



All Andean Glaciers are Disappearing 

Cortesía: Bernard Francou, IRD 



Depletion of Andean Glaciers 

Courtesy: Bernard Francou, IRD 



Tropical Glaciers and Paramos: Water factories 

Glaciers  

Paramos 



Tropical Mountain Forests 

Photo: Peter Bunyard 



Deforestation in the Andes:  
Socio-Environmental Risks and Vulnerability 

+	 =	



Colombian	Amazonia:	Under	threat	by	strong	deforesta1on	

Mining 

Agriculture & Cattle Ranching 



”The Road to Pave the Colombian Amazon”		



Some Research Questions & 
Advances	



Typical Afternoon Storm over Medellin	

Photo Courtesy: Prof. José F. Jiménez	



Diurnal Cycle of Rainfall – Tropical Andes of Colombia: 	
Shifting phase with the annual cycle  	

Afternoon Peak:  September-October to April-May	
Midnight-dawn Peak: April-May to September-October	

VillaHermosa	



What is the spatial variability of the 
annual cycle of hydrological variables:  

P, E, Ep, R? 
 

Amazonia is a quilt, rather than a sheet 



Hydrological Regionalization of Amazonian-Major Sub-basins  

Carmona & Poveda, Submitted 



Regional Distribution of Hydrologic Regimes  
P (blue), Ep (purple), R (green), & E (red) 

Carmona & Poveda, Submitted 



Spatial Variability of the Water Year 
 

Carmona & Poveda, Submitted 



Surface & Atmosphere Long-
Term Water Balances For the 

Andes-Amazon system 



Components of Surface and Atmosphere WB –  
Observations & Reanalysis in Andes and Amazonia 

Higher runoff per unit area 
in the Andes sub-region 

than in low-lying Amazonia 
for both datasets. 

Builes-Jaramillo and Poveda, Submitted 

Andes Amazonia 

Andes Amazonia 



Recap 	
1.  The Andes-Amazon demands a systemic approach towards 

understanding, modelling and predicting their hydro-climatological 
and biogeochemical couplings and feedbacks.  

2.  Impressive research has been developed on the low-lying Brazilian 
Amazonia, but the upper low-lying (non-Brazilian) and Andean 
Amazonias are virtually unknown.  

3.  Lots of fundamental issues and questions remain unexplored in the 
latter regions. Venezuela, Colombia, Ecuador, Peru and Bolivia need 
to take the lead in facing this challenge.  

4.  A recommendation from this 29 GEWEX SSC to WCRP and the 
countries: The creation of a Regional Hydrological Program for the 
Andes-Amazon system. 

5.  Tons of work to be done.  
	
	


