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Temario

1. Clima actual del Altiplano

2. Tendencias climaticas observadas

3. Proyecciones para el siglo XXI



Elevation (masl)

Aspectos basicos del clima del Altiplano

* Cuenca cerrada en los Andes centrales

* Limitada por desierto costero y zona
humeda de Bolivia
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Ciclo anual y distribucion espacial de PP
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Fic. 1. (a) Long-term annual mean precipitation amount (mm) and (b) percent precipitation in DJFM of the annual total in the central
Andes. To the east of the Andes only rain gauge data >1500 m are shown. Shading indicates elevation zones above 1000 m (dark gray),
2500 m (medium gray), and 4000 m (light gray). Record lengths of individual stations vary.



Regimen Monsonal de Precipitacion y Vientos en Altura

208 APL

Mean annual cycle
Colors: OLR (proxy of precipitation)
Streamlines: 200 hPa (~12 km) wind
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Regimen Monsonal de Precipitacion y Vientos en Altura
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Regimen Monsonal de Precipitacion y Vientos en Altura

VIS and IR2 GOES images
during an active summer afternoon



Variabilidad intra-estacional del regimen de precipitacion
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Variabilidad intra-estacional del regimen de precipitacion

(a)

WET /

Specific Humidity Color Scale
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Precipitation

Surface Air Temperature

Variacion interanual del precipitaciones estivales

Correlacion entre indice de ENSO y precipitacion / temperatura

Afos El Nifilo mas calidos y secos que el promedio
Afos La Nifia mas frios y lluviosos que el promedio
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Variacion interanual del precipitaciones estivales

Anos de EIl Nifio aumentan flujo del oeste en altura (> 5 km), transportando
aire seco hacia el Altiplano y limitando las precipitaciones
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Fre. 7. Regression maps in the mierannual range (see section 2 for detzils on calculation and statistical significance). (a} OLR {shaded,
scale in wmits of Wom ~2 per std dev) and 2060-hPa wind regressed upon CI {OLR over the Altiplano). (b) 200-hPa height and winds regressed
upon Ol Contour interval is 30 m per std dev. Negative values in dashed line. The zero contour is omitted. Only values and wind vectors
statistically significant at the 93% confidence level are shown. Reference wind wvector (in ro 571} at the bottom of the figure.



Variacion interanual del precipitaciones estivales
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Fi¢. 7. Departure {standardized anomalies) of DIFM fractional cold (TF = 240 E) cloud coverage F*
from leng-term mean (1983990 1n (a) 1983784, (k) 195798, (o) 1992/93, and (d) 1996/97. Only results
For regions = 1500 tn are shown and northeast slope between 1500 and 3000 m 15 masked in gray. Black
lines indicate 0-, 1500-, and 3000-m contour line



Variacion interanual del precipitaciones estivales

Correlation between DJF precipitation and U200 (17°S-70°W)

158

B | [ [ [ e

-0.8-06-04-02 0 0.2 04 0.6 0.8

Minvielle and Garreaud 2010



Tendencias observadas (ultimos 30 anos): Temperatura
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Ocean cooling — land warming along north-central Chile.

Pattern reverses farther south
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Tendencias observadas (ultimos 30 anos): Temperatura
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Tendencias observadas en Temperatura

20TH CENTURY CLIMATE CHANGE IN THE TROPICAL ANDES:
OBSERVATIONS AND MODEL RESULTS

MATHIAS VUILLE!, RAYMOND S. BRADLEY !, MARTIN WERNER 2 and
FRANK KEIMIG'

L Climate Svstem Research Center, Dept. of Geosciences, Morrill Science Center, Univ. of
Massachusetts, 611 North Pleasant Street, Amherst, MA 01003-9297, U.S.A.
E-mail: mathias@ peo.wmass. edu
2 Max Planck Institute for Biogeochemistry, Jena, Germany
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Figure 5. Mean annual temperature trend (°C decade—!) as a function of elevation (m a.s.l.) based
on (a) observations (1959-1994, modified from Vuille and Bradley, 2000), (b) CRUOS (1959-1994).
Vertical bars indicate elevation range (1000 m) for which trend 1s valid. Horizontal bars are 95% con-
fidence limits for the trend (i.e.. all trends whose error bars do not intersect with the 0°C decade™!
abscissa are significant at the 95% confidence level). Results in (b) are based on sub-sampling to
match station coverage in (a). that is only grid cells which contain station data in (a) are considered.



Tendencias observadas de precipitacion 1970-2000
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Tendencias observadas de precipitacion:

20TH CENTURY CLIMATE CHANGE IN THE TROPICAL ANDES:
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MATHIAS VUILLE!, RAYMOND S. BRADLEY ', MARTIN WERNER 2 and
FRANK KEIMIG'

L Climate Svstem Research Center, Dept. of Geosciences, Morrill Science Center, Univ. of
Massachusetts, 611 North Pleasant Street, Amherst, MA 01003-9297, U.S.A.
E-mail: mathias@ peo.wmass. edu
2Max Planck Institute for Biogeochemistry, Jena, Germany

trand {mm [ y1} tramd {mm | yr} o o7 trend jemm [y}

‘& 281 to 78 - A 751 ta 75

FANLE: R T 05t 25 |
S 0 e 03 00t 08
Vo0 wo | Q48 ton |
N7z te 08 248 o 08

Figure 3. Trends in station precipitation (mm yr_l) between 1950 and 1994 for (a) annual sum,
(b) DIFE, (c) JJA. Upward (downward) pointing triangles indicate an increase (decrease) in precipita-
tion. Note different scaling in (c). Filled (open) triangles indicate that the trend is (not) significant at
the 95%-confidence level. (d) As in (a) but trend in annual precipitation (in % yr— 1) versus elevation.




Modelos Globales (GCM)
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CO, emissions (Gt C / yr)

Future Climate Scenarios

GHG (CO2,...) emissions projections + GCMs
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Figure 11.15. Temperature and precipitation changes over Central and South America from the MMD-A1B simulations. Top row: Annual mean, DJF and JJA temperafure
change between 1980 to 1999 and 2080 to 2099, averaged over 21 models. Middle row: same as top, but for fractional change in precipitation. Bottom row: number of models

outof 21 that project increases in precipitation.

© IPCC 2007: WG1-AR4 (2007)



Cambio de temperatura A2 (2090-99) menos LB (1990-99)
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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°5), 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 CO, 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 Bradley et al. 2003
below in the models). Data from (15).



Cambio de precipitacion A2 (2090-99) menos LB (1990-99)
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Ditterences A2(2100-2070) — BL(1960-1990)

Obtained with a regional climate model (PRECIS) forced by HadCM3 / A2

Temperatura Superficial (SAT) Precipitacion (P)

+50 mm/mes
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Diferencia T, _, (2100-2070) — (1960-1990)

Obtained with a regional climate model (PRECIS) forced by Echam4 / A2

A2-LB
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Figure 5. (a) Difference in mean annual surface temperature (in °C) between RCM-B2 and RCM-20C.
(b) Same as in Figure 5a but for RCM-A2. Differences are statistically significant at the 95% level
everywhere.

Urrutia and Vuille 2009



Diterencia Pp A2(2100-2070) — BL(1960-1990)

Obtained with a regional climate model (PRECIS) forced by Echam4 / A2

dP (mm/afio) dP/Pbl (%)

Urrutia and Vuille 2009



Cambios de Circulacion A2- BL
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Cambios de Precipitacion esperables por cambio de viento

dP (mm) dP/Pbl (%)
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Conclusiones

* Clima del Altiplanico altamente estacional y con
marcada variabilidad interanual (Ninos secos & calidos /
Ninas lluviosas & frias; senal espacial no homogénea).

* Tendencia al calentamiento superficial en ultimas
decadas (0.2%/dec) bastante robusto y espacialmente
coherente. Red de estaciones marginalmente apropiadas

para detectar cambios.

* Tendencias de precipitacion dificil de detectar y
espacialmente variable. Red de estaciones (P, Q, Asub)
insuficiente.

* Proyecciones para resto de siglo XXI: continua el
calentamiento en altura (— 4°C) y probablemente
reduccion de precipitaciones (— 10-30%)
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