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Climatic 

reconstruction 
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periods Instrumentation 
Short- to medium-

term scenarios 

(AOGCM simulation outputs 

and downscaling) 
(Dendrochronological study) 

(Analysis of ground-truth records 

and AOGCM simulation runs) 

CLIMATE COMPONENT 



Main characteristics of each AGCM 

Skill maps 

Outputs along the axis of the Andes Cordillera 

Long-term trends 

Changes in the mean 

Changes in the variance 

Altitude-correction factors 

Mean annual temperature anomaly maps 

Frequency histograms and severity intervals 
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Multi-model ensemble anomaly maps 
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PROSPECTIVE SIMULATION OUTPUTS 



EASY ACCESS 



ECHAM4.5 GFDL CCM3v6 COLA T63 

AXIS OF THE ANDES CORDILLERA 

(Left panel) NOAA NGDC GLOBE gridded 1-km, quality-controlled digital elevation model 
 

(Right panels) Grid points for the analysis of CCM3v6, COLA T63, ECHAM4.5, and GFDL ensemble 
simulation outputs 

Source: González, Gutiérrez and Ruiz. (2014) 



LOS NEVADOS ALTITUDINAL GRADIENT [04°50’N-05°00’N] ECUADOR-COLOMBIA TRANSBOUNDARY REGION ECOTRANSECT [00°30’N-01°30’N] PERU-BOLIVIA TRANSBOUNDARY REGION ECOTRANSECT [14°00’S-15°00’S] 
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Source: Ruiz et al. (2012) 

NEVADOS 

ECU/COL 

PER/BOL 

Black solid triangles and crosses depict, respectively, the average and maximum altitudes of the NOAA 

NGDC GLOBE gridded 1-km, quality controlled global DEM in the ECHAM4.5 model grid points 



Mean annual near-surface 

temperature anomalies, with 

respect to the historical period 

1961-1991, according to ECHAM5 

multi-member ensemble simulation 

outputs, for the prospective period 

2046-2065 and for the A1B 

representative pathway 

CLIMATE CHANGE 
PROJECTIONS 

BOGOTÁ 

QUITO 

LA PAZ 



MEAN TEMPERATURE ANOMALY PROJECTIONS FOR THE TROPICAL ANDES 
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HUMIDITY 



Main characteristics of each AGCM 

Skill maps 

Outputs along the axis of the Andes Cordillera 

Long-term trends 

Changes in the mean 

Changes in the variance 

Altitude-correction factors 

Projected mean annual rainfall amounts 
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Projected mean annual temperatures 

Projected actual evapotranspiration (AET) and potential 

evapotranspiration (PET) 

Projected change in humidity index 

Frequency histograms and severity intervals 

R
e

p
e

a
t 
th

e
 p

ro
c
e

s
s
 f
o

r 
a

 d
if
fe

re
n
t 
A

G
C

M
 



SYSTEMIC REPRESENTATION OF THE ANDES CORDILLERA 

(considering both flanks) 

CCM3v6 COLA T63 ECHAM4.5 GFDL NSIPP 1-km DEM 



Mean annual near-surface temperature anomalies, with respect to the historical 

period 1961-1991, according to CCSM3 (left), ECHAM5 (middle left), GFDL_CM2 

(middle right), and GISS (right) multi-member ensemble simulation outputs, for the 

prospective period 2046-2065 and for the A1B representative pathway 

MULTI-MODEL CLIMATE CHANGE PROJECTIONS 



Mean annual near-surface temperature anomalies suggested by a 20-km altitude-corrected, 

equally-weighted, multi-model ensemble – MME, with respect to the historical period 1961-

1991, for the prospective period 2046-2065 and for the A1B representative pathway 
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Temperature anomaly interval classes [ C]

ECHAM4.5 (2,455,460 grid points)

CCM3v6 (2,455,460 grid points)

COLA T63 (1,736,424 grid points) Cat 5 Cat 4 Cat 3 Cat 2 Cat 1

Cat V Cat IV Cat III Cat II Cat I

M
in

im
u

m
 T

em
p

 A
n

o
m

al
y:

 +
0

.0
0

0
4

 °
C

M
ax

im
u

m
 T

em
p

 A
n

o
m

al
y:

 +
3

.8
1

0
7

 °
C

M
ea

n
 T

em
p

 A
n

o
m

al
y:

 +
1

.7
0

3
4

 °
C

SD
 T

em
p

 A
n

o
m

al
y:

 0
.5

9
4

2
 °

C

UNCERTAINTY IN CLIMATE CHANGE PROJECTIONS 



Raw tree ring-width series from Weinmannia cochensis 

DENDROCHRONOLOGICAL STUDY 
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Year

(700 mb) ECHAM4.5 multi-member ensemble average grid point centered at 1.39531°S

Weather station M105 Otavalo (z=2,556m or p~755 mb)

O. sericea chronology, upper and lower CI

Annual global land (departure from 1901-2000 average)

(relative to 1961-1990 period)

Altitude-corrected

short-term (2011-2030)

ECHAM5 projections

Altitude-corrected

medium-term (2046-2065)

ECHAM5 projections

LONG-TERM CONTEXT 



TEMPERATURE ANOMALIES SEVERITY INTERVALS 

1-km 
MPIM:ECHAM5 

individual, 
altitude-corrected, 

multi-member 
simulation outputs 

 
[> +2.83°C] 

 
[+2.47 to +2.83°C] 

 
[+2.09 to +2.46°C] 

 
[+1.73 to +2.08°C] 

 
[< +1.72°C] 

NatureServe 
 
 
 

Cat 1 [> +2.71°C] 
 

Cat 2 [+2.50 to +2.71°C] 
 

Cat 3 [+2.29 to +2.49°C] 
 

Cat 4 [+2.06 to +2.28°C] 
 

Cat 5 [< +2.06°C] 

20-km 
equally-weighted, 
altitude-corrected, 

multi-model 
ensemble 

 
 

[> +2.42°C] 
 

[+2.05 to +2.42°C] 
 

[+1.68 to +2.04°C] 
 

[+1.32 to +1.67°C] 
 

[< +1.31°C] 

 
Long-term 

context 
 
 
 

[> +2.58°C] 
 

[+2.32 to +2.58°C] 
 

[+2.06 to +2.31°C] 
 

[+1.79 to +2.05°C] 
 

[< +1.78°C] 



DTM, Bolivia - Perú study 

region (123 to 6,122 masl) 

Altitude-corrected mean 

temperature anomaly, 2046-

2065 prospective period, 

A1B representative pathway 

(+1.49°C to +3.00°C) 

Classified temperature 

anomaly severity intervals 

Ontherus bridgesi Dung 

Beetle species distribution 

 

Cat 1 : >= +2.83 °C 

Cat 2 : +2.47 to +2.83 °C 

Cat 3 : +2.09 to +2.46 °C 

Cat 4 : +1.72 to +2.08 °C 

Cat 5 : <= +1.72 °C 

Cat 1 : < -0.0940 

Cat 2 : -0.0940 to -0.070 

Cat 3 : -0.0700 to -0.0460 

Cat 4 : -0.0460 to -0.0220 

Cat 5 : -0.0220 to +0.0020 

Cat 6 : > +0.0020 

 

Total annual rainfall 

(0.11 to 3,432.8 mm) 

Change in humidity, 2046-

2065 prospective period, 

A1B representative pathway 

(-0.44 to +0.37)  

Classified humidity anomaly 

severity intervals 

Aberrans Dung Beetle 

species distribution 



LOS NEVADOS ALTITUDINAL GRADIENT [04°50’N-05°00’N] ECUADOR-COLOMBIA TRANSBOUNDARY REGION ECOTRANSECT [00°30’N-01°30’N] PERU-BOLIVIA TRANSBOUNDARY REGION ECOTRANSECT [14°00’S-15°00’S] 

NEVADOS 

ECU/COL 

PER/BOL 

NORTHERN HEMISPHERE HADLEY CELL 

SH HADLEY CELL 

SOUTHERN HEMISPHERE (SH) FERREL CELL 

Subsidence (descending dry, cool air) 

H
 

H
 

L
 

L
 

N2, Nm
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<0 >0 
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(1): EMMN
2 - (2): EAMN

2 - (3): EAMmN2 

o 

o 

- (4): EAMMNm
2 

(1) (2) (3) (4) 

1950-2010 long-term linear 

trends in ECHAM4.5 mean 

annual temperatures 

Uplifting (rising moist, warm air) 

Idealized representation of the large-scale atmospheric circulation over the axis of the Andes Cordillera, 

along with the 1950-2010 long-term linear trends in ECHAM4.5 mean annual temperatures. The thermal 

equator is assumed to be static at around 0-5°N, approximately 

Source: Ruiz (2013) 
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