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Figure 1. Region analyzed in this study the Alt plano.
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Changing Climate in the Bolivian Altiplano:CMIP3 Projections for Extremes of Temperature and Precipitation

INTRODUCTION
+The Altiplano is a high plateau (~3600 to 4300 m) with a semi-arid climate located in the central Andes of South America
season, which is associated with the South American Monsoon System (SAMS), occurs from Oct-Apr. Most of the ann
precipitation occurs from Dec-Feb (Sech et al, 2008; Garcia et al, 2007; Garreaud and Aceituno, 2001).

The rais

“The Altiplano is an important agricultural region — ~ 50% of the population practices traditional agriculture; not relying on
irrigation. Water shortages and frost are major constraints. Low amounts of precipitation, high rates of evapotranspiration, and poor
soils affect the amount of water available for agriculture (Garcia et al, 2007; Geerts et al, 2006).

“Extreme climate and weather events have profound impacts on human health, society, and the natural environment and may be more
frequent and more intense in the future. Assessment of regional-scale projections of climate extremes are direcily relevant to
impacts-researchers and stakeholders (Easterling et al, 2000 and Tebaldi et al , 2006).

+This research compares projected changes in mean temperature and precipitation with projected changes in temperature and
precipitation based extreme indices as defined by Frich et al. (2002) (sce Table 1) for the Altiplano, and examines how changes in the

annual distribution of and may result in higl 1 of extreme events in the future.
- ~Pm|ecxed changes in and ‘may have important i for agriculture and water supplies in the
Altiplan

“Because of the cose resolution of Global Climate Models (GCMs), the results for a region as small as the Altiplano should be
taken with caution.

| TEMPERATURE-RELATED EXTREMES |

Table 1. Annual extreme indices as defined by Frich et al. 2002.

‘Table 2. Datasets used in this analysis.

DATA AND METHODOLOGY
DATA:
“Data were obtained from the World Climate Research Program (WCRP) Coupled Model Tntercomparison Project (CMIP3) archive (Meehl et
a1 2007) (see Table 2).
“Gridded temperature and precipitation data from the University of East Anglia’s Climatic Research Unit (CRU-TS2.1) (Mitche  and Jones, 2005)

Figure 2. Temperature (a) and precipitation (b) climatology for the Altiplano for 1970-1999 from IPCC AR4
models (colors), CRU and CMAP gridded observations (solid black and gray), and station data (dotted black).
Multi-model averages are shown in brown. *CMAP data were available from 1979-99
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Figure 3. Projec ed precip
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changes for the middlc (20202049) and late (2070-99) 21st century () BI mid-century (b) BI

l-century (d) ALB late-century (¢) A2 mid-century and () A2 la ¢ century. See Fig. 2 for model legend.

for comparison with the 20 century simulations.

“Gridded precipitation data from the National Oceanic and Atmospheric Administration (NOAA) National Centers for Environ
(NCEP) CPC Merged Analysis of Precipitation (CMAP) (Xie and Arkin, 1996) were obtained for comparison with simulated 201" century
precipitation.

mental Prediction

METHODS:
Al calculations are area averages of data for the northern Altiplano: 16 t0 19 S and 67 t0 70 W (sce Figure 1).
ANNUAL CYCLE:

the mean cl gy for the
temperature for each s
“T-tests were performed on monthly, seasonal and annual precipitation differences to determine whether any of the projected changes are
nificant at the 95% confidence level.
EXTREME INDICES:
“Eight of the ten extreme indices defined by Frich et al. (2002) were analyzed for the 20% century model experiments and three future climate
Scenarios. [¥The length of the growing season (GSL in the Alt plano s more def ned by the onset and length of the ra ny season ra h than by temperatuse.precipitaton >10 mim (RID) is
anarbi xander el ‘mean ngful for the Altplanoherefore GSL and RI0 were excluded from this analysi |
“Standardized time series of annual extreme indices (1900-2099) were calculated to show possible future trends for each emission scenario. An
werage of the standardized anomalies of the selected models was calculated to provide a multi-model average of the time series for each index.

ach multi rage was smoothed using a 10 year running average. The base pcnnd used is 1960-2099.

'l’m\umlm du—mn famcions (PDFs) were calculated from multi-model averaged tir changes in the of
the indices. The B, ATB, and A2 emissions scenarios for the middle (2020-2049) and e (2070 2099) 21 century were compared (o two periods from

id y and late calculated based on the 1970-99 averages of precipitation and

ario.
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RESULTS

MEAN CLIMATOLOGY
TEMPERATURE:
20% Century:

“Most of the models overestimate tempe

represented. The multi-model average is strikingly
20 Century projected changes:

*Middie century (2020-49)

ture relative to CRU data and station observations, but the timing of the annual cy
milar to the CRU data

i anging between ~ 12 C for all scenarios.
“The lagest tempersture incecases occue dunng the dry scason and carly rainy season (September)

Late century (2070-99)

i in ranging between ~ 35 C. for all scenarios.
“The largest temperature increase will extend further into the early rainy season (October).

PRECIPITATION
20% Century:
+Mostof the models overestimate precipitation during the rainy season relative to CRU, CMAP, and station data. The muli-model average
recipitation by more than twice the observed amounts from Sep-May, but clearly shows the dry season, especially from Jun-Aug.
21 Century projecte ed chan, inges:
Vlnnlhly, seasonal, and annual change in precipit:
Middle century (2020-49)
“Precipitation may increase during the m
“Late century (2070-99)
“Precipitation increases during the main rainy season become more pronounced relative o the late 20 century (5% to 7.1%).
“Precipitation during the carly rainy scason (Sep-Nov) (-5.3% to -17%) becomes significantly lower relative to the late 20 " century.
There may be litle or no change in total annual precipitation, but by 2070-99, the Altiplano may experience a shorter, more intense rainy season and
amore pronounced dry season.
Qualitatively, these changes are consistent with carlier results of the authors (see Setl et al, 2008), providing evidence that these projected changes
in the character of precipitation are not dependent on the models selected or the scenarios used!

n are summarized in Table 3.

in rainy season (Dec-Apr) (2.8% to 5%).

EXTREME INDICES

TEMPERATURE BASED INDICES:

“Temperature based extreme indices appear to reflect the projected changes in mean temperature.

“The behaviors of frost days, heat waves and warm nights are consistent with what would be nxpr:ugd in a warmer ¢ imate.

“The increase in ETR suggests the may rise mo m ly
“The lowest temperatures of lhc year for the Altiplano oceur during the dr) weaton in auseal winter Tn fature projections, the dry season
remains very dry. The lack of moisture may p fror the same rate as daily
maximum temperatures.

‘minimum dail

PRECIPITATION BASED INDICES:
“All of the precipitation based extreme indices analyzed for the Altiplano increase by the end of the 21* century.

“The increasc in CDD may be a result of the extended dry season suggested by changes in the annual cycle.

“Mean annual precipitation is projected to change little, if at all = Increases in RSD, R95T, and SDIT suggest that future precipitation in the
Altiplano may occur less frequently but individual precipitation events may be more intense.

Figure 4 (Above). Simulated time series of temperature-
related extreme indices for 1900-2099 for the Altiplano.
Al time series represent multi-model averages of the
standardized time series for each model which are
smoothed by a 10-year running average (thick lines).
Year to year variations are shown in the background. 21
century scenarios are shown for the B (blue), AIB
(green), and A2 (red) scenarios. 20° century anomalies
are also shown as colored to denote the 21st century
scenarios used to standardize each time seric:

Figure 5 (Right). PDFs of multi-model averages
showing changes in the distributions of
temperature- related extreme indices nn the
Altiplano. Two periods from the 20

compared to projections for the middle (202049)
and late 21" century(2070-99) for each scenario.

“ PRECIPITATION-RELATED EXTREMES

Figure 6 (Above). Simulated time series of precipitation- Figure 7 (Righy). mn of mul

model averages

related extreme indices for 1900-2099 for the Altiplano. All
time series represent multi-model averages of the
standardized time series for each model which are
‘smoothed by a 10-year running average (thick ines). Year
to year variations are shown in the background. 21 century
scenarios are shown for the B (blue), A1B (green), and A2
(red) scenarios. 20" century anomalies are also shown as
colored to denote the 21t century scenarios used to
standardize each time series.

each scenario.

related extreme mdme: for the Alnphno. Two periods
from the 20" century are compared to projections for
the middle (2020-49) and late 21 century(2070-99) for
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Table 3. Mult -model projected precipitat on changes for the BI AIB and A2

scenarios for 2020-49 and 2070-99. - Bold indicates values that are sta istically.
significant at the 95% confidence level,

DISCUSSION
changes in the istics of temp and
*A shorter more intense rainy season with an extended dry season.

Agw ar P C

for the Altiplano:
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Implications for agriculture and water resources:
*Fewer FD and more warm nights may be beneficial for agriculture in the Aliplano if water supplies are adequate.
and more frequent heat waves may i her stresses on crops and also reduce
the amount of moisture available for plant growth by increasing rates of evapotranspiration.

“Warmer nighttime temperatures may also negatively affect soil moisture. Reduced soil moisture in the carly rainy
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instead (Aguilar and Jacobsen, 2003). Other crops may also be affected by these potential changes, requiring changes
in agricultural practices.

“The higher occurrence of heavy prec

Garreaud R

of late varieties

Mechl G A
itation events may result in more frequent flash flood events for the Altiplano.
Quinoa s also adversely affected by excessive amounts of rainfall and over-saturated soil conditions (Aguilar and
Jacobsen, 2003).

“Inhabitants of the Andes depend on glacial melt-water to supplement precipitation during the dry season. In the
next several decades, many glaciers in the Andes may disappear u)mpludv (Bradiey et al, 2006). The projected
reductions in glacial anges length and intensity of the rainy season
may have serious impacts on future water supplies and agriculwre in e Aluplano

melt-water, together with the potential cl

*GCM

ions in regions of complex. opography like the Alt plano. may not adequately represent the effects of altitude on
precipitation. The results of temperature related variables such as frost days and warm nights may also be affected by he poos
ion of the altitude.
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