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The Andes
• World’s longest mountain range: 7,242 

km (10N to 46S). 
• Seven countries: Colombia, Venezuela, 

Ecuador, Peru, Bolivia, Argentina and 
Chile. 

• About 200 to 700 km wide (widest 
between 18°S-20°S), and average 
height 4,000 m. Aconcagua: 6,962 m.

• It contains glaciers, volcanoes, deserts, 
high plateaus, lakes, páramos, yungas, 
punas, cloud forests, tropical 
rainforests, dry forests, savannas, and 
intra-mountainous valleys. 

• Strong hydroclimatic variability 
associated with Latitudinal and 
Hemispheric location, but also with 
Aspect, Slope and Elevation.

www.mapsofworld.com



ANDEX 
Main Overarching Scientific Questions

1. What are the main physical processes driving the water 
and energy budgets of the Andes (as a singular cordillera)
at a broad range of spatial and temporal scales, and their 
interactions with the neighboring Pacific and Atlantic 
Oceans and major river basins of South America?

2. How climate change, deforestation and land use changes 
are affecting the hydroclimatological functioning of the 
Andes across the altitudinal gradients, from glaciers, to 
paramos, punas, cloud forests, rainforests, dry forests, 
deserts?



Specific questions through a geographic journey 
e.g. Colombia 



What are the dynamical and thermodynamical 
mechanisms explaining the spatial distribution of 
rainfall in the Andes across a wide range of 
spatiotemporal scales? 

Alvarez et al., Intern. Jour. Climatology, 2011 

The Pacific 
coast of 

Colombia: 
The rainiest 

place on Earth: 
13,000 mm/yr

Poveda & Mesa, 
GRL, 2000
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Venezuela

BrazilPeru

Ecuador



TRMM Fails in Capturing the Annual Cycle of Rainfall 
over the Andes. What about GPM IMERG?

TRMM vs. Raingauges in Colombia. 

Very Good 
Performance 

Over 
Low & Flat 

Lands

Very Poor 
Performance 

Over the Andes

Vallejo-Bernal et al., 2018, in review



mm

Poveda et al., in review

Why is the bimodal annual cycle of rainfall 
constrained just to the Andes? (and Unimodal outside)

Caribbean 
Sea

Venezuela

Brazil

Colombia

Peru

Ecuador

More than the ITZC 
oscillation



What is the role of three South American Low-level Jets in the transport 
of moisture to the Andes?

Zonal winds @ 925 hPa

Bedoya-Soto & Poveda, Theor. & Appl. Climatol., in review



What are the dynamics and thermodynamics
of Mesoscale Convective Systems?



What Mechanisms Explain the Diurnal Cycle of Rainfall?
Uni-modal or Bi-modal, even at nearby raingauges

Excellent Test-bed for CPMs!

Poveda et al., Mon. Wea. Rev., 2005



Typical Intense Afternoon Storm over Medellin. 
October 10th, 2017



Long-Term Mean Diurnal Cycle of Rainfall at Medellin Valley’s
Apparent bi-modal (afternoon and mid-night)

Bedoya-Soto et al.,Theor. Appl. Clim., in review



What are the mechanisms affecting the seasonal 
change in the diurnal cycle of rainfall?
Afternoon Peak:  September-October to April-May

Midnight-dawn Peak: April-May to September-October
Villa Hermosa

Bedoya-Soto et al.,Theor. 
Appl. Clim., in review



Soil moisture dynamics at seasonal and interannual 
(ENSO) timescales on the Colombian Andes
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El Niño 1997-98

La Niña 1998-2000

Poveda et al., Cim. Dyn. (2011)

El Niño enhances deficits and La Niña saturates the soil



Interannual Variability of River Flows:
What are the combined effects of different phases 

of ENSO, NAO, PDO, AMO? (and Why?)

Poveda et al., Cim. Dyn. (2011)



“Glacier Loss 
A South American Drama

threatening cities, agriculture
and hydropower”

Glaciers are 
receding all over 

the Andes



Andean Glaciers are Disappearing due to 
Global Warming (1)

Courtesy: Bernard Francou, IRD



Andean Glaciers are Disappearing due to 
Global Warming (2)

Courtesy: Bernard Francou, IRD



What is the Fate of Andean Glaciers, 
Paramos, Yungas, Punas, & Cloud Forests?



What is the functioning of hydroclimatic
feedbacks between Andes-Amazon?

Builes-Jaramillo & Poveda, Water Res. Res., in press

“Results highlight the importance of the Andean region for the hydrological 
integrity of the entire Amazon River basin”.



What is the functioning of hydroclimatic
feedbacks between Andes-La Plata Basin?

Schematics of the winds connecting the Atlantic Ocean with the Andes across 
the Amazon and Orinoco River basin with the Andes and to La Plata River 
basin. 

Marengo et al. (2004)



Atacama (ca 22�S) Santiago (ca 33�S) Patagonia (ca 51�S)

The Southern Tropical Andes
(Peru)

• What is the role of the atmospheric dynamics on water resources in 
high-mountain river basins, in particular through (a) localized 
orographic mechanisms and (b) climate teleconnection processes 
acting at global, regional and local scales?

• What are the contribution of moisture from the Pacific vs the Atlantic 
and vs the Amazon rainforest in the central Andes? What is the 
spatiotemporal variability of these contributions and their 
interactions? 

Titicaca (16�S) Machu Picchu (12�S) Parón (9�S)



Willy Kenning

The Bolivian Andes

• What are the main drivers of climate variability in the eastern Andes at 
different time and spatial scales? How they may change in the future?

• GCM models (IPCC-AR5) predict divergent precipitation changes in the 
Central Andes.  How to deal with these uncertainties from a water 
management perspective?

• How to get improved prediction of hydroclimatic changes induced by land 
use change (i.e deforestation) and infrastructure building (i.e. dams) at the 
Amazon scale?

Andes-Amazon: The Bala gorge near
Ruurenabaque

Uyuni salt pan – southern
Altiplano

La Paz and Illimani

E. Cuba



Atacama (ca 22°S) Santiago (ca 33°S) Patagonia (ca 51°S)

The subtropical/extratropical Andes
(Chile-Argentina)

• The water balance is largely unknown in this region. Of particular relevance 
are the snow accumulation and sublimation. What is the temporal and spatial 
variability of these terms? How they may change in the future climate?

• How the subtropical Andes affect the continental low (which in turn drives the 
Low-Level Jet east of the Andes)?

• Which is the moisture pathway from the Amazon basin toward the Altiplano? 
Does it follow the topography or does it occur at higher levels?



But, guess what? The Andes are a very 
crowded place +80M people

Photo from Schoolmeester et al., 2016



Deforestation in the Tropical Andes
The most critical hotspot for biodiversity on Earth



Threats from Climate Change and Hydroclimatic Variability and Deforestation
Intensification of Storms and Floods 

A MCS triggered the flooding that destroyed Mocoa, Colombia
April 1st, 2017 (+400 dead people)

Pacific 
Ocean

Colombia

Venezuela

BrazilPeru

Ecuador



• How stable under climate change?
• How could it change?
• What is it that needs to be adapted to?
• What can be mitigated?

28

Water Scarcity in Latin-America

Courtesy: Dr. Peter J. van Oevelen



Environmental Devastation – Mining



Mosquito-borne dengue (a urban disease) is 
migrating upward due to warming

Epstein, Sci. Amer. 2001



Start-Up Activity
Workshop held in Medellín, Colombia 
December 4th-7th, 2017

First term co-chairs (3 years): Germán Poveda (Colombia) and  
René Garreaud (Chile).



White Book – In Preparation

Table of Contents

0. Introduction and rationale
1. The hydroclimate of the Andes
2. Climate and environmental change
3. High impact events
4. Cryosphere of the Andes
5.Observations and data
6. Science underpinning sustainable 
development
7. Actions and challenges

Leading authors confirmed. 
Still accepting contributing authors for chapters

applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/
applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/
applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/
applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/
applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/
applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/
applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/
applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/
applewebdata://40EA8323-91BD-481D-93E7-133C6B3E9B3D/


ANDEX activities for 2018:

• May 7-11: ANDEX presentation at the 8th GEWEX 
Science Conference in Canmore, Alberta, Canada.

• Mid-August: WB Chapters drafts available.

• Early September: WB first version compiled and 
edited.

• Mid-September: Workshop agenda ready.

• October 22-26: 1st ANDEX Workshop (very likely 
combined with GHP meeting) Santiago, Chile.



Regional Hydroclimate Projects

34

New North American 
Water Related RHP

ANDEX

 Baltic Earth

SE Asian RHP

Pannonian 
Basin

Third Pole Environment 
- Cross Cutting Activity

HYdrological cycle in the 
Mediterranean EXperiment 

(HYMEX)

Global Water Futures 
(GWF)

Changing Cold Regions 
Network (CCRN)  - 

Saskatchewan River 
Basin (SRB)

HYVIC

"OzEWEX"

Pannonian Basin

Great Plains and 
Central Valley

SE Asia Rice and 
Wheat Regions

Current RHPs
Former RHPs
Prospective RHPs

Updated from P. van Oevelen

LBA

LPB



Thank you!


