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The Andes

What is the longest mountain range in the world?
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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, paramos, 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.
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Main Overarching Scientific Questions

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?

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?
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Specific questions through a geographic journey
e.g. Colombia

Precipitation
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What are the dynamical and thermodynamical a“_‘
mechanisms explaining the spatial distribution of
rainfall in the Andes across a wide range of

spatiotemporal scales?

The Pacific
coast of
Colombia:
The rainiest

place on Earth:
13,000 mm/yr

Long-term annual
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Poveda & Mesa,
GRL, 2000

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



LNIVIRSDAD

NACKINAL
(LIRS IS = EY

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

TRMM vs. Raingauges in Colombia.
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Why is the bimodal annual cycle of rainfall A
constrained just to the Andes? (and Unimodal outside)

8.125N, 75.375W

A S o N o
Months
3.875N, 76.375W

Precipitation (mm)
g2 8 8 B

=
3

120

250

200

Precipitation (mm)

"
I
o

1] F M A M ) )
Months

A ] o N ]

0.625N, 77.125W

F M A M | | A S O N D
Months
D
9
S|

i H
A S O N D

1.625N, 73.375W

i H
yF M oA M ) )
Months

D ;4‘ i
Caribbeal® g ;"‘ By
Sea { 2, ,I

More than the ITZC
oscillation

.

P -
y !
!‘ _ ,:/Venezuela

) Colombia

-0 0

Difference between the explained vanance of the annual and
semiannual cycle of precipitation (%)

Poveda et al., in review

Precipitation (mm)

Precipitation (mm)

3 8

Precipitation (mm)

12.125N, 71.875W

) F M A M

6.625N, 68.875W

) ) A 5 o] N D
Months

) F M A M

4.125N, 70.375W

J J A S o N [>]
Months

H H i
) F L A L

5.125N, 75.125W

P S
) J A S o N o
Months

2

8

g

g

5

F M A M

] ] A s O N D
Months

UNTVIRSIDAD
NACHINAL
X COLORN



NACIONAL
ne um\&

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

Zonal winds @ 925 hPa
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Bedoya-Soto & Poveda, Theor. & Appl. Climatol., in review



What are the dynamics and thermodynamics

of M
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esoscale Convective Systems?

GEOMIYSICAL RESEARCH LETTERS, VOL. 27, NO. 11, PAGES 16751678, RINE 1, 2000

On the Existence of Llord (the Rainiest Locality on Earth):
Enhanced Ocean-Land-Atmosphere Interaction by a Low-

Level Jet

Germin Poveda and Oscar § Mesa
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INTERNATIONAL JOURNAL OF CLIMATOLOGY
Int. J. Climatol. (2017)

Published online in Wikey Online Library
(witeyoalinelibeary.com) DOE: 10.1002joc.5009

® Rivets

Royal Meteorological Society

Mesoscale convective systems and other precipitation features
over the tropical Americas and surrounding seas as seen by

TRMM

Liliana Jaramillo,** @ Germdn Poveda® and John F. Mejia®

of and
* Department of Atmospheric \nr-m Desert Research Institate, Remo, NV, USA

Nacional de Colombia, Sede Medellin, Colombia
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Uni-modal or Bi-modal, even at nearby raingauges
Excellent Test-bed for CPMs!
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What Mechanisms Explain the Diurnal Cycle of Rainfall? a
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Poveda et al,, Mon. Wea. Rev.,, 2005
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Typical Intense Afternoon Storm over Medellin.
October 10th, 2017
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Long-Term Mean Diurnal Cycle of Rainfall at Medellin Valley’s
Apparent bi-modal (afternoon and mid-night)
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Bedoya-Soto et al., Theor. Appl. Clim., in review
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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

JAN
MAR
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JUL
SEP
NOV
JAN

7 10 13 16 19 22 1 4 7

-: :- Bedoya-Soto et al., Theor.

(%) 2 4 8 10 12 14 Appl Clim., in review
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Soil moisture dynamics at seasonal and interannual
(ENSO) timescales on the Colombian Andes

El Nino enhances deficits and La Nina saturates the soil
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Poveda et al., Cim. Dyn. (2011)
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Interannual Variability of River Flows:
What are the combined effects of different phases
of ENSO, NAO, PDO, AMO? (and Why?)

G. Poveda et al.: Hydro-climatic variability over the Andes of Colombia associated with ENSO

Neg. ME!
Nare River

1960 1970 1980 1990 2000

Poveda et al., Cim. Dyn. (2011)
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Glaciers are
receding all over
the Andes

“Glacier Loss
A South American Drama
) threatening cities, agriculture
and hydropower”
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Andean Glaciers are Disappearing due to
Global Warming (1)

1/ Areas & Volume loss over the last 50 yr

Many small-sized glaciers below 5200-5400m

| are desappearing
Recent history of the Chacaltaya glacier, Bolivia (0.1 km? in 1990)

Courtesy: Bernard Francou, IRD



Andean Glaciers are Disappearing due to
Global Warming (2)
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What is the Fate of Andean Glaciers,”
Paramos, Yungas, Punas, & Cloud Forests?

Vanishing glaciers in the Colombian Andes” **

1946 2006 20217

Phiotos: (from saft to right): Ervdn Kraus (1546, reprinted with permission from Diego Samper Editoras); Olivar HIl / Roberto Ariano (2006), and: Photshop editing courtasy of John French (2006).
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What is the functioning of hydroclimatic™
feedbacks between Andes-Amazon?

Water Resources Research

Conjoint Analysis of Surface and Atmospheric Water Balances
in the Andes-Amazon System

A. Builes-Jaramillo'2 © and G. Poveda2 O

'Department of Geosciences and Environment, Facultad de Minas, Universidad Nacional de Colombia, Sede Medellin,
Medellin, Colombia, “Facultad de Arquitectura e Ingenieria, Institucién Universitaria Colegio Mayor de Antioquia,
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“Results highlight the importance of the Andean region for the hydrological
integrity of the entire Amazon River basin’.

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



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)



The Southern Tropical Andes Q

Titicaca (16° S)

« 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?



The Bolivian Andes a

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-ARb) 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?



The subtropical/extratropical Andes g
(Chile-Argentina)

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

« 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?
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But, guess what? The Andes are a very
crowded place +80M people
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Photo from Schoolmeester et al., 2016
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Deforestation in the Tropical Andes
The most critical hotspot for biodiversity on Earth

Deforestation in the Tropical Andes region

Forest and forest loss areas " K N
M Intact forest landscape® coLomsia L
I Other forest cover ‘ 5
B Net forest loss (2000-2014)
Annual deforestation rate
Percentage
04
-

2001-2005

0,21 § 20062010 I !. v
L
PERU

oL

Forest and forest loss extent
Thousands square kilometres
800

Tropical Andes

100

L PARAGUAY
I Forest (2014) I Net forest loss (2000-2014)

*Defined 25 an unbrokien expanse of nanural ecosystens within the 20ne of curent

forest extent, showing no siges of dgniicant humen activity and large enough that

o native biodiversity could be maintained ARGENTINA
Sowrce: based on Hamen/UNMD/Google USGSNASA, 2013
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Threats from Climate Change and Hydroclimatic Variability and Deforestation
Intensification of Storms and Floods

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

April 1st,




Water Scarcity in Latin-America

v

How stable under climate change?
How could it change?

What is it that needs to be adapted to?
What can be mitigated?

B Physical water scarcity

e Approaching physical
water scarcity

B Economic water scarcity
B Little or no water scarcity
B Not estimated

The Comprehensive Assessmed®of Water
Courtesy: Dr. Peter J. van Oevelen  Management in Agriculture, FAO, 2007
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Environmental Devastation — Mining

Nu¢E] daiig) daiicEl d El daEl dano ambiental de la mineria ilegal

Mayore Investigacior Investipacione Investig; Investigac Investigaciones dan cuenta de 6.330 puntos dedicados a la extraccion ilegal de oro. Ya son cerca de 200 mil
hectareas de phectir gas de r| hectare: hectareas hectareas de rios y zonas selvaticas seriamente deterioradas por esta actividad galopante.

Carios Ortega y Mil
Imstituto Geogril SPyHE CMlot0n  CoriosOney  Carios Ortega
St S Aren ‘I'."i""’ ’ En med: La espesa vy 2 CHNaGs de Ayapel o3 und de Jos sCosistemas mas 1icee om Bauna ¥ Rara su sistemns d¢ Sanedales 3 orillas del 1o San Jotge v 13 pesca &e bas comunidaden
750 Mineaie i bdanites e By vinto triumasida
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Mosquito-borne dengue (a urban disease) is
migrating upward due to warming

BLYORE 1970 TO0AY
Cold temperatures Increates warrth haa
caured freezing st high caaned mountain glacken
elevations and limites 30 yhviak In the tropics and

temperate Tones

......

Epstein, Sci. Amer. 2001



Start-Up Activity ~ &

Workshop held in Medellin, Colombia
December 4th-7th 2017
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ANDEX: A Prospective GEWEX Regional
Hydroclimate Project in the Andes

German Poveda', René Garreaud?, Silvina Solman?, Jhan
Carlo Espinoza‘, Joan Cuxart®, Peter J. van Oevelen®,
Paola A. Arias’, Jorge Molina®, José D. Pabon® and Sara
M. Vallejo'

'Universidad Nacional de Colombia, Medellin, Colombia; 2Uni-
versidad de Chile, Santiago, Chile; *Universidad de Buenos
Aires, Buenos Aires, Argentina; ‘Insitituto Geofisico del Per,
Lima; SUniversitat de les llles Balears, Palma, Espaiia; °In-
ternational GEWEX Project Office, Washington DC, USA;
"Universidad de Antioquia, Medellin, Colombia; ®Universidad Participants of the ANDEX Workshop.
Mayor San Andrés, La Paz, Bolivia; °International Research
Centre on El Nifio (CIIFEN), Guayaquil, Ecuador

First term co-chairs (3 years): German 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
5.0bservations and data

6. Science underpinning sustainable
development

7. Actions and challenges

Leading authors confirmed.
Still accepting contributing authors for chapters
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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 readly.

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

Global Water Futures

(GWF) Baltic Earth Pannonian Basin Third Pole Environment
Changing Cold Regions - Cross Cutting Activity
Network (CCRN) -
Saskatchewan River
Basin (SRB)

Great Plains and
Central Valley ~

New North America
Water Related RHP

= s P
Y HYdrological cycle in the f

Mediterranean EXperiment .

. SE Asia Rice and
Wheat Regions

- Current RHPs

%1 Former RHPs
- Prospective RHPs

"OZEWEX" o ;7

Updated from P. van Oevelen






