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Knowledge Systems

• Local Forecasts & Indicators - from focus 
groups in Umala, Ancoraimes

• Regional Scientific Assessment - Altiplano 
climate from station observations

• Global Climate - Altiplano climate variability and 
trends from global models and datasets



Local Forecasts & Indicators

• Role in traditional Systems

• Current Status and efforts

Document 11. Climatic Indicators
M. Garcia, J. Gilles and E. Yucra



 Value of Local forecasts

• Important part of risk reduction 
strategies

• Used to determine when, where 
what to plant

• Successful application reduces 
household vulnerability 



Current Status  

• Local indicators and forecast 
methods widely understood but a few 
experts are relied upon for forecasts

• Declining confidence in utility of 
traditional forecasts in the face of 
increasing evidence of their validity
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INFORME AVANCE 
Análisis climático y evaluación de tendencias de cambio climático en el 

Altiplano y zonas de estudio del Proyecto  

  

Mapa 5. Ubicación espacial de las estaciones consideradas. 

 

 

 

 

 

Regional Scientific Assessment

• Mapping Altiplano 
climate

• Recent trends

• Importance of 
evapotranspiration

Document 10. Climate Analysis
M. Garcia and E. Yucra
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Mapa 4. Déficit de Evapotranspiración en el Altiplano Boliviano 

(Tendencia) 
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La diferencia entre la Evapotranspiración de Referencia y la Precipitación 

ocurrente en la zona, permite zonificar el Deficit de Evapotranspiración (Mapa 4). 

Mapping Altiplano Climate

^ Precipitation - Evaporation
< Annual Precipitation
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Mapa 11. Diferencia de promedios de registros antes y después de 1983 

para Temperaturas máximas. 
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Altiplano y zonas de estudio del Proyecto  

  

Mapa 10. Diferencia de promedios de registros antes y después de 1983 

para Temperaturas mínimas 

 

 

 

 

 

 

 

 

Altiplano Climate Trends

^ Min Temperature            Difference since 1983        ^ Max Temperature



Evapotranspiration Trend

< Evapotranspiration trend
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Mapa 12. Variaciones históricas anuales de la Evapotranspiración de 

Referencia (mm/día) 

 

 

 

 

 



Links to Global Climate

• Climate Variability - 
present day

• Climate Model 
Evaluation - present 
day

• Climate Change - 
mean and variability

ties to emphasize those measurements of our
local astrophysical laboratory that will best illu-
minate how these fundamental cosmic entities
operate. Moreover, observations to date already
indicate that the Saturn system is literally chang-
ing before our eyes. We anticipate that even more
dramatic transformations in our neighborhood’s
astrophysical laboratory will be monitored by
Cassini’s instruments over the next several years.
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A
ccording to general circula-
tion models of future cli-
mate in a world with double

the preindustrial carbon dioxide
(CO

2
) concentrations, the rate of

warming in the lower troposphere
will increase with altitude. Thus,
temperatures will rise more in the
high mountains than at lower eleva-
tions (see the figure) (1). Maximum
temperature increases are predicted
to occur in the high mountains of
Ecuador, Peru, Bolivia, and north-
ern Chile. If the models are correct,
the changes will have important
consequences for mountain glaciers
and for communities that rely on
glacier-fed water supplies.

Is there evidence that tempera-
tures are changing more at higher
than at lower elevations? Although
surface temperatures may not be the
same as in the free air, in high moun-
tain regions the differences are small
(2), and changes in temperature should thus be
similar at the surface and in the adjacent free air.
Unfortunately, few instrumental observations are
available above ~4000 m. The magnitude of
recent temperature change in the highest moun-
tains is therefore poorly documented. An analysis
of 268 mountain station records between 1°N and

23°S along the tropical Andes indicates a temper-
ature increase of 0.11°C/decade (compared with
the global average of 0.06°C/decade) between
1939 and 1998; 8 of the 12 warmest years were
recorded in the last 16 years of this period (3).
Further insight can be obtained from glaciers and
ice caps in the very highest mountain regions,
which are strongly affected by rising tempera-
tures. In these high-altitude areas, ice masses are
declining rapidly (4–6). Indeed, glacier retreat is
under way in all Andean countries, from
Columbia and Venezuela to Chile (7).

A convergence of factors contribute to these
changes. Rising freezing levels (the level where
temperatures fall to 0°C in the atmosphere) (8, 9)

lead to increased melting and to increased expo-
sure of the glacier margins to rain rather than
snow (10). Higher near-surface humidity leads
to more of the available energy going into melt-
ing snow and ice, rather than sublimation, which
requires more energy to remove the same mass
of ice. Therefore, during humid, cloudy condi-
tions, there is often more ablation than during
drier, cloud-free periods (6). In some areas,
changes in the amount of cloud cover and the
timing of precipitation may have contributed to
glacier mass loss through their impact on albedo
(surface reflectivity) and the net radiation bal-
ance (11). As these processes continue and snow
is removed, more of the less reflective ice is
exposed and absorption of the intense high-ele-
vation radiation increases, thus accelerating the
changes under way through positive feedbacks.

The processes involved in mass-balance
changes at any one location are complex, but
temperature is a good proxy (12) for all these
processes, and most of the observed changes are
linked to the rise in temperature over recent
decades (5). Further warming of the magnitude
shown in the figure will thus have a strong nega-
tive impact on glaciers throughout the Cordillera
of North and South America. Many glaciers may
completely disappear in the next few decades,
with important consequences for people living
in the region (7).

Although an increase in glacier melting ini-
tially increases runoff, the disappearance of gla-
ciers will cause very abrupt changes in stream-
flow, because of the lack of a glacial buffer dur-
ing the dry season. This will affect the availabil-
ity of drinking water, and of water for agriculture
and hydropower production. 

In the High Andes, the potential impact of
such changes on water supplies for human con-

Climate models predict that greenhouse

warming will cause temperatures to rise faster at

higher than at lower altitudes. In the tropical

Andes, glaciers may soon disappear, with poten-

tially grave consequences for water supplies.

Threats to Water Supplies in the
Tropical Andes
Raymond S. Bradley, Mathias Vuille, Henry F. Diaz, Walter Vergara
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Global warming in the American Cordillera. Projected changes
in mean annual free-air temperatures between (1990 to 1999) and
(2090 to 2099) along a transect from Alaska (68°N) to southern
Chile (50°S), following the axis of the American Cordillera moun-
tain chain. Results are the mean of eight different general circula-
tion models used in the 4th assessment of the Intergovernmental
Panel on Climate Change (IPCC) (15), using CO2 levels from sce-
nario A2 in (16). Black triangles denote the highest mountains at
each latitude; areas blocked in white have no data (surface or
below in the models). Data from (15).
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Altiplano Climate
Variability, Mean

Altiplano moisture are controlled by changes in
the moisture transport, rather than by moisture
changes in its source region.

3.3. Interannual variability

On the interannual timescale, the Altiplano ex-
periences strong precipitation £uctuations, rang-
ing from extremely dry to very wet austral
summer conditions. Between 1957 and 1996,
DJF precipitation recorded at Copacabana
(16.2‡S, 69.1‡W; 3815 m), located on the shore
of Lake Titicaca, for example, ranged from 203
mm in 1990/91 to 850 mm in 1983/84. In the more
arid southwestern part of the Altiplano the £uc-
tuations are even more impressive, as indicated by

the station Coyacagua in northern Chile (20‡S,
68.8‡W; 3990 m) where the minimum DJF pre-
cipitation sum recorded was 11 mm in 1982/83,
while in the next rainy season, 1983/84, the max-
imum record was set with 277 mm. This strong
interannual variability of summer precipitation
has been described in a number of studies and
there is a general agreement that a signi¢cant
fraction of this variability is related to the El
Nin‹o Southern Oscillation (ENSO) phenomenon
(e.g. Thompson et al., 1984; Aceituno, 1988;
Ronchail, 1995; Lenters and Cook, 1999; Vuille,
1999; Vuille et al., 2000a; Arnaud et al., 2001;
Garreaud and Aceituno, 2001). All of these stud-
ies concluded that El Nin‹o years (warm phase of
ENSO) tend to be dry, while La Nin‹a years

Fig. 3. Schematic representation of the circulation patterns and di¡erent air masses over and adjacent to the central Andes, in a
vertical-longitude section at the latitudes of the Altiplano, for (a) rainy episodes and (b) dry episodes. Large, open arrows indi-
cate the sense of the upper-level, large-scale £ow. Solid (dashed) curves represent the transport of moist (dry) air by the regional
circulation over the Andean slopes. Thin vertical arrows represent the large-scale subsidence over the subtropical SE Paci¢c that
maintains the strong trade inversion (solid line).
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Climate Models: 20th Century
Mean, Variability



Climate Models: 21st Century
Mean, Variability



Integration across scales

Local

Regional

Global
Spatial variability

Discuss with focus groups

Processes

Large
 scal

e changesSpatial details


