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Key points discussed
• Large, at times, irreversible changes in mountain ecosystem 

services with economic and environmental implications
• Climate stress adds to already considerable burdens imposed 

by human activity on mountain ecosystems
• There is a need to document local mountain climate trends 

and visualize likely future conditions
• Costs and benefits of adaptation approaches are largely 

unknown. Need to define through practical on the ground 
examples.

• Adaptation process in mountain areas involves a gradual 
approach where pilot activities are tried and documented as a 
basis for scale up

• Current funding schemes are limited in scope and size, 
adaptation needs far surpass available resources



Global GHG emissions are on track to surpass worst 
case IPCC scenario

Fuente: M. Raupach et al., Global and Regional Drivers of accelerating CO2 Emissions, PNAS, Vol. 104, No. 24, June 12, 2007. 3

End of century temperature
Anomaly up to 8 Celcius

Vorführender
Präsentationsnotizen
En relacion a las perspectivas futuras, el IPCC prevee que las emisiones de GEI aumentarian en 25% a 90% entre el 2000 y el 2030 si no se adoptaran politicas de mitigacion adicionales.Como resultado, si se mantienen las tendencias actuales, para 2050 el IPCC prevee que el las temperaturas globales aumentarán de 1.3 a 1.7oC en relacion al final del siglo 20. Para 2100 los aumentos podran alcanzar entre 1.8 y 4.0oC .Estas proyecciones sin embargo son optimistas. Como vemos en esta figura, las observaciones mas recientes sugieren que ya estamos por arriba de las trayectorias previstas por el IPCC en sus escenarios mas pesimistas. En relacion a las previsiones para ALC, el IPCC estima que en la mayor parte de la region los aumentos de temperatura seran mayores que el promedio mundial, la unica excepcion siendo el cono sur.Cuales seran los impactos de estos cambios climaticos sobre los ecosistemas y sociedades latinoamericanas? Este es el tema que abordaremos a continuacion, empezando por algunos impactos que ya estan siendo observados en varios paises de la region. 



Climate Hot-Spots in Latin America



Glacier area in the Andes is under fast retreat
• Andean glaciers retreat: 

– Impacts from 
loss of water 
regulation would 
affect human 
water supply, 
agriculture, 
power 
generation and 
ecosystem 
integrity

Vorführender
Präsentationsnotizen
Many Andean glaciers have been retreating, and some of them could completely disappear over the next 10-20 years. Warming in the Andes is also already causing severe damages to high mountain ecosystems, including the drying of páramos (a unique type of wetland found in the northern Andes) and the disappearance of snowcapped terrain. These ecosystems have unique endemic flora and provide numerous and valuable environmental goods and services. Major population centers including Bogotá and Quito, depend on páramos for their water supplyIn Bolivia, Ecuador, Peru, Colombia, and Venezuela glacier retreat could seriously affect seasonal water flows and the availability of water for human consumption, hydropower, agriculture, sanitation, and ecosystem integrity. Reduced glacial runoff in the Andes is likely to cause severe water stress for up to 77 million people by 2020.Additional investments to ensure continuity of water supply in Quito (Ecuador) could reach US$100 M. over the next 20 years.Andean countries are highly dependent on hydropower (more than 50 % of electricity supply in Ecuador, 70 % in Bolivia, and 80 % in Perú) and much of it is dependent on water from glacial runoff.Significant investments will be required to maintain generation capacity. For example, estimates of the incremental costs to Peru’s power sector range from $212 million if gradual adaptation is used, up to $1.5 billion under rationing.



Temperature increase and fire events
in the central range (Las Brisas)



Source: Bradley et al 2006
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Economic consequences from climate 
impacts in Latin America

• Examples: 11% of Caricom GDP 
could be lost by 2050;

• Collapse of coral biome would 
represent direct economic losses of 
about US$9 billion;

• Additional cost to compensate for 
climate-induced water regulation 
losses for Quito are estimated at 
US$100 for 2018;

• Additional generation costs of up to 
US$1. 5 billion if water regulation is 
lost in the Peruvian Andes;

• Additional costs from extreme 
weather events may cost US$100 
billion by 2050 in the Caribbean



Climate strategy in Latin America

Adaptation is priority one, given the large and 
irreversible impacts of climate change in the region;

Support low carbon development maintaining and or 
reducing carbon footprint from key economic sectors

Facilitate linkage between knowledge and policy 
making



Adaptation portfolio in LAC

• First project was approved in 1998
• Ten projects, about US$200 M
• Eco-system based approach
• Focus on trends rather than variability
• Adjust economic activities to anticipated 

level of ecosystem services



Link knowledge and decision-making. 

MOUs and cooperation agreements 
for operational support with: 

– Meteorological Research Institute 
(Japan)

– National Center for Atmospheric 
Research (USA)

– Pool of glaciology institutes 
(Insbruck, IRD, UMASS)

– Japanese Space Agency (Japan)
– Institute pour le Recherche du 

Developpement (France)
– Georgia Tech University (USA)
– NOAA (USA)
– Stockholm Environmental Institute 

(SEI)



Monitoring climate

WB Support to climate 
observation systems: 

• Network of stations in 
glaciarized basins of 
immediate economic 
relevance

• Remote sensing of six basins 
in the Andes (Bolivia, 
Colombia, Ecuador, Peru)

• Paramo observation system 
(Colombia)

• Reconstruction of proxy and 
meteorological records

Vorführender
Präsentationsnotizen
The Bank is supporting efforts to monitor climate, for example through the installation of a network of stations to monitor sea level rise and sea surface temperature in the Caribbean and also through a network of stations to monitor weather and hydrology in glaciated basins



Monitoring climate 

•Remote sensing of:
•Glaciares
•Arrecifes coralinos
•Humedales costeros
•Paramos
•Amazonas

Bolivia, Colombia, Ecuador, 
Perú, México, Caribbean
•Training in interpretation and data 
management
•Exchange of data and publication

Vorführender
Präsentationsnotizen
Monitoring of projects focusing areas through the use of ALOS-generatedimages;b. Training of scientific and technical personnel of the correspondingnational scientific institutions in the access, interpretation andmanagement of data from the ALOS satellite that would allow themonitoring of impacts of climate change in the above-mentioned areas ofthe region;c. Assessment of the results;d. Joint reporting in the technical scientific literature of the results of thecooperation; ande. Exchange of scientific and technical support for the purposes of the pointsreferred above.JAPAN AEROSPACE EXPLORATION AGENCY (JAXA)Advanced Land Observing Satellite (ALOS)



Modeling climate

• Earth Simulator Runs
• Ensemble runs using Oak 

Ridge Computer Model
• Regional modeling of 

hydrology response to 
climate in basins with 
glaciers and paramo

• Application of sub grid 
hydrology  down-scaling 
techniques

• Probability Density Functions 
from GCMs



Colombia: Integrated National Adaptation Program (in 
operation since July 2006)

• Promote adaptation measures
to climate impacts in

– Paramo Ecosystem
– Insular Areas
– Healtn System



Adaptation to Climate Impacts in Paramo 
Ecosystems in Colombia (as part of INAP project)

Medida de adaptación Actividades

Reducción de los impactos adversos sobre la 
regulación hídrica en la cuenca del río Amoyá

(i) Restore and conserve natural 
ground cover in upper watersheds in 
Paramo ecosystems (Chingaza 
Paramo).
(ii) Strengthen land management and 
enforcement plans to reduce 
anthropogenic impacts that may 
increase fragility to climate impacts.  
Involve local community in 
management and conservation 
activities.
(iii) Strengthen capacity to prevent 
and respond to mountain fires.
(iv) Eliminate mining activities.

Vorführender
Präsentationsnotizen
Formulación de programas de adaptación: Proponer un programa de salud (vectores de dengue y malaria). Evaluar (Valorar) las implicaciones para el desarrollo sostenible de los ecosistemas de alta montaña y de los habitas insulares, por los impactos esperados del Cambio Climático, así mismo proponer las modificaciones a los programas existentes de estos sectores para incluir los impactos esperados por el CCG.Implementación de las medidas especificas de adaptación: En particular el proyecto desarrollaría las siguientes actividades: (i) identificar las opciones alternativas de adaptación; (ii) preparar el análisis de costo-beneficio de cada una de las opciones de adaptación; (iii) desarrollar una estrategia de implementación de las opciones de adaptación; y (iv) apoyar la implementación de las medidas piloto de adaptación en cada uno de los sectores bajo estudio, en pro de  ilustrar cómo éstas medidas mitigaran los impactos del CCG, así mismo como el país se prepara para adaptarse a los efectos del CCG. 



Colombia: Integrated National Adaptation Project

Monitoring On-the-ground 
interventions



Adaptation to climate impacts in Glaciarized
basins (Bolivia, Ecuador Peru)- SCCF, $32 
million

• Water supply
– Reservoir inTuni (Bolivia) to 

compensate loss of water 
regulation

– Alternative catchments to serve 
Quito water supply need

• Agriculture
– Adaptation of agricultural 

activities to reduced runoffs 
during dry periods

• Disaster prevention
– Protection of vulnerable areas 

to extreme flows

• Approved Aug 2008



Glacier Lake Outburst Flow 
(GLOF) in Peru

• In Shullcas and Santa Teresa basins, to 
address GLOFs:
– Disaster management and prevention
– Early warning system
– River defenses 



Pilot:  Global laboratory for adaptation to glacier retreat 
in the Tuni-Condoriri basin in Bolivia

• Objective: Address the consequences of glacier retreat in 
water supply for the region encompassing La Paz and El 
Alto, through the development, construction and 
operation of a High Altitude Reservoir and the 
instrumentation, monitoring and modeling of the basin 
and operation of the reservoir for global information 
purposes.  

• Storage capacity:  2 million cubic meters
• Construction schedule:  One year
• Estimated cost: US$ 7 million. 
• Adoption of water management  model including glacier 

and mountain wetland module to project future hydrology 
condition



Adaptation to the Impacts of Rapid Glacier Retreat in the 
Tropical Andes

Reforestation of 
selected 

microcatchments

Adaptation of 
infrastructure to 

future needs



Conclusions
• Glacier and paramo ecosystems will change 

over time as a result of climate change
• Services from these ecosystems will be 

severely affected
• Urgent adaptation actions are required that 

ameliorate the net impacts on environmental 
and economic services.
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