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Andean water resources



Unique hydrological processes

Glaciers Tropical alpine wetlands

Tropical montane cloud forest High altitudinal deserts



Challenges: climate change



El antropoceno: impactos humanosChallenges: land-use change



Challenges: population growth

Country Population 
[million]

Growth rate 
[%]

City Growth rate 
[%]

Colombia 46.30 1.35 Bogotá 1.82
Ecuador 13.77 2.10 Quito 2.42
Peru 29.50 1.55 Lima 2.00
Bolivia 10.03 2.82 La Paz 2.36



Opportunities: increasing data availability
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Figure 1. Topographical map of Tropical Andes with rain gauges showing (left) annual precipitation totals (in mm year−1)
and (right) the coefficient of variation of the total annual rainfall. Catchments considered in the hydrological analysis are
delineated in black and the respective river network in blue. Discharge gauges at catchment outlets are marked by
white triangles (upward and downward facing for the Caribbean/Amazonian and Pacific/Andean regions, respectively).
The white rectangle delineates the region shown in Figure 4.

precipitation [Buytaert et al., 2006a]. However, annual rainfall totals in intra-Andean valleys are often domi-
nated by convective events [Mohr et al., 2014; Rasmussen et al., 2013].

The northern Tropical Andes exhibit pronounced bimodal precipitation regimes with precipitation maxima
in spring and autumn generated by the biannual passage of the ITCZ [Álvarez-Villa et al., 2011]. Furthermore,
moisture transport by multiple low-level tropical jets affects the hydrometeorology of the northern Tropical
Andes. The Chocó jet results in extremely high annual rainfall along the Colombian Pacific coast exceeding
10,000 mm year−1 and transports moisture further inland into the intra-Andean valleys in central Colombia
[Poveda et al., 2011]. By contrast, the Peruvian coastline is characterized by very dry conditions as a result of
the cold von Humboldt current.

On interannual timescales the El Niño–Southern Oscillation (ENSO) is the major driver of precipitation
variability, resulting in regionally contrasting impacts due to the interaction with Andean topography and
low-level jets [Marengo et al., 2013]. During the ENSO warm phase rainfall is increased along the dry Peruvian
coast, while the Colombian Andes and Caribbean basin experience drier conditions [Poveda et al., 2011].
Easterly trade winds over the Amazon are intensified and consequentially the SALLJ strengthens leading to
increased southward moisture transport along the eastern Andes [Marengo et al., 2012]. During ENSO cold
phases general regional conditions are reversed.
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Case Study – Tropical Andes 

Tropical Andean 
Rainfall 
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Tracer experiments
(Correa et al., WRR, 2017)

TRMM precipitation analysis



Participatory monitoring and citizen science



High-resolution modelling
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Figure S5: Spatial propagation of the contribution of glacier melt water [%] to river flow in the tropical 
Andes (monthly maximum for a normal year). 
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Figure 1. Spatial propagation of the contribution of glacial melt to river flow for four hotspots in the tropical Andes: maps show the
annual average during a normal year; similar maps for the monthly maximum and a drought year are given in figures S1–S3.
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Figure 2. Longitudinal profile of the contribution of glacial melt and water use for irrigation and domestic water use for the Santa and
Vilcanota rivers in Peru. Water use data are smoothed with a moving average of 1 km and the y-axis limits are restricted to increase
readability. Water intakes that exceed the y-axis limit are highlighted: intake for (a) the Chavimochic irrigation scheme, (b) the city of
Trujillo, (c) the city of Chimbote, and (d) coastal settlements.
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A changing policy landscape



Thank you
Photo credit: Boris Ochoa Tocachi


