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Abstract. Clear-cut evidences of global environmental
change in Colombia are discussed for diverse hydro-climatic
records, and illustrated herein for increasing minimum
temperature and decreasing annual maximum river flows
records. As a consequence, eight tropical glaciers disap-
peared from the Colombian Andes during the 20th century,
and the remaining six have experienced alarming retreat rates
during the last decade. Here we report an updated estima-
tion of retreat rates in the six remaining glacierized moun-
tain ranges of Colombia for the period 1987–2007, using
Landsat TM and TM+ imagery. Analyses are performed us-
ing detailed pre-processing, processing and post-processing
satellite imagery techniques. Alarming retreat rates are con-
firmed in the studied glaciers, with an overall area shrink-
age from 60 km2 in 2002, to 55.4 km2 in 2003, to less than
45 km2 in 2007. Assuming such linear loss rate (∼3 km2 per
year), for the near and medium term, the total collapse of
the Colombian glaciers can be foreseen by 2022, but diverse
physical mechanisms discussed herein would exacerbate the
shrinkage processes, thus prompting us to forecast a much
earlier deadline by the late 2010–2020 decade, long before
the 100 years foreseen by the 2007 IPCC Fourth Assessment
Report. This forecast demands detailed monitoring studies
of mass and energy balances. Our updated estimations of
Colombia’s glacier retreat rates posse serious challenges for
highly valuable ecosystem services, including water supply
of several large cities and hundreds of rural settlements along
the Colombian Andes, but also for cheap and renewable hy-
dropower generation which provides 80% of Colombia’s de-
mand. Also, the identified changes threaten the survivabil-
ity of unique and fragile ecosystems likeparamosand cloud
forests, in turn contributing to exacerbate social unrest and
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ongoing environmental problems in the tropical Andes which
have been identified as the most criticalhotspotfor biodiver-
sity on Earth. Colombia requires support from the global
adaptation fund to develop research, and to design policies,
strategies and tools to cope with these urgent social and en-
vironmental threats.

1 Introduction

1.1 Evidences of hydro-climatic change in Colombia

Diverse studies byMesa et al.(1997), Pérez et al.(1998),
Ochoa and Poveda(2008), and Poveda(2009) have per-
formed analysis aimed at detecting signals of climatic change
in lengthy series (∼40–45 years) of monthly hydro-climatic
records in Colombia, including changes in the mean and the
variance, as well as trends and shifting levels. Their re-
sults confirmed the presence of statistically significant pos-
itive trends in average monthly minimum and mean temper-
ature, as well as in relative humidity and pan evaporation
throughout the country. In particular, strong positive trends
on the order of 1◦C in 20 years were identified for minimum
temperature records. For instance, Fig.2 shows the monthly
average series of minimum temperature at the semi-rural air-
port of Pereira city during the period 1959–2007. Pereira is
located around 1450 m a.s.l. on the western hills of Nevado
del Ruiz and Santa Isabel glaciers (Fig.1). Notice the strong
positive trend in the mean but also the decreasing trend in the
variance. Furthermore, monthly precipitation records exhibit
mixed positive or negative trends with no clear spatial behav-
ior, whereas most time series of river flows (annual averages
and maxima) showed decreasing trends. Figure3 taken from
the study byAlvarez(2008) shows the spatial distribution of
trends in time series of annual maxima river flows in Colom-
bia. Notice that most series exhibit negative trends, which
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Fig. 1. Location of the six Colombian glacierized mountain ranges studied herein. The figure was made up

using June 12th/2009 Google Earth imagery.
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Fig. 1. Location of the six Colombian glacierized mountain ranges
studied herein. The figure was made up using 12 June 2009 Google
Earth imagery.

can be explained by the combined effects of deforestation,
land use/land change, with global environmental change. It
is impossible to disentangle the particular effect of either pro-
cesses. Table1 summarizes the number of hydro-climatic
times series which were identified to exhibit positive, nega-
tive or no trends in the aforementioned studies.

1.2 Colombian glaciers’ retreat

Tropical glaciers are unique and singular environments on
Earth. The usually small size of inner tropical glaciers makes
them highly sensitive to short timescales climate variabil-
ity (Ceballos et al., 2006; Ramirez et al., 2001; Francou et
al., 2003; Vuille et al., 2008), thereby constituting excellent
proxies of regional and global climate change (Hastenrath
and Kruss, 1992). The chapter on Latin America included in
the 2007 Fourth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC AR4) (Magrin et al., 2007),
reported alarming and intensifying glacier retreat trends in
the tropical Andes, reaching critical conditions in Bolivia,
Peru, Colombia and Ecuador (see their Table 13.3), as well
as in the works byFrancou et al.(2000), Silverio and Jaquet

Fig. 2. Time series of average monthly minimum temperatures recorded at Pereira’s country-side airport, lo-

cated around 1450 m a.s.l. on the hills of the Ruiz and Santa Isabel glaciers.
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Fig. 2. Time series of average monthly minimum tempera-
tures recorded at Pereira’s country-side airport, located around
1450 m a.s.l. on the hills of the Ruiz and Santa Isabel glaciers.

Table 1. Distribution in the number of time series of diverse
monthly average records of Colombia during 1960–1995, exhibit-
ing statistically significant increasing, decreasing or no trends, ac-
cording to the studies byMesa et al.(1997), Pérez et al.(1998),
Ochoa and Poveda(2008), andPoveda(2009).

Number of Increasing Decreasing No
Variable time series trend trend trend

Minimum temperature 51 36 7 8
Mean temperature 54 24 20 10
Dew point 37 24 6 7
Vapor pressure 33 17 6 10
Tank evaporation 25 11 10 4
Precipitation 150 23 7 120
River discharges 72 11 39 22

(2005), andSoruco et al.(2009). In particular for Colom-
bia, the 2007 IPCC AR4 identified an average glacier retreat
rate of 10–15 m per year; and went on to forecast that under
the current climate trends, Colombia’s glaciers will disappear
completely within the next 100 years.

The Colombian Andes and the singular Sierra Nevada
de Santa Marta house the northernmost glaciers in tropical
South America (Hoyos-Patĩno, 1998). Such glaciers reached
their maximum extent 35 000 years ago, descending to 3000
(±200) m a.s.l., and covering 17 109 km2 (van der Hammen,
1985; IDEAM, 2000). The last glacier major growth oc-
curred during the little ice age around 1600 and 1850 AD,
reaching 374 km2 (Flórez, 2002), with minimum eleva-
tions between 4200–4400 m a.s.l. in the Central Andes and
4600 m a.s.l. in the Sierra Nevada de Santa Marta (Flórez,
1992). Many Colombian glaciers disappeared ever since, and
many others have lost significant areal extent, amounting to
60% to 80% during the 1850–2000 period (IDEAM, 2000).
Eight tropical glaciers disappeared in Colombia during the
20th century, very likely from global and local warming and
volcanic activity. Currently, just six glacierized mountain
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Fig. 3. Spatial distribution of time series of maximum annual river flows (m3 s−1) in Colombia. Notice that most time series exhibit
statistically significant negative trends.

ranges remain in Colombia: Sierra Nevada de Santa Marta
(5775 m a.s.l.), Sierra Nevada del Cocuy (5490 m a.s.l.),
Volcán Nevado del Ruiz (5400 m a.s.l.), Volcán Nevado
de Santa Isabel (5110 m a.s.l.), Volcán Nevado del Tolima
(5280 m a.s.l.), and Volćan Nevado del Huila (5655 m a.s.l.),
whose locations are shown in Fig.1.

The study byCeballos et al.(2006) found that in the past
50 years, Colombian glaciers lost on top of 50% of their
areal extent, but glacier shrinkage has accelerated in the
last 15 years, amounting to an extra 10%–50% glacier loss.
Flórez(2002) reported for 2002 a glacierized area of 60 km2

in Colombia, whileCeballos et al.(2006) reported 55.4 km2

for 2003, with glacier termini found at 4700–4900 m a.s.l.
They also found a relationship between fast glacier retreat
and local, regional and global climate change, and indicated

that the temperature rise of roughly 1◦C in the last 30 years
recorded at high-altitude meteorological stations exerts a pri-
mary control on glacier retreat. The study byMorris et al.
(2006) found that in the 1950s, the total glacier area for
Sierra Nevada de Santa Marta, Sierra Nevada del Cocuy, and
Parque de los Nevados (Ruiz, Santa Isabel and Tolima) was
89.33 km2, and that by 2003 the total glacier area had been
reduced to 45.77 km2. From the 1950s to 2003 the calculated
total ice loss in Colombia was 43.56 km2. The Sierra Nevada
del Cocuy contributed 52% of the total ice lost, the Parque
de los Nevados contributed 42% of this loss and the Sierra
Nevada de Santa Marta contributed 6%.

We aim to update (2007) estimations of the six glacier-
ized mountain ranges remaining in Colombia and to re-assess
their retreat rates using more recent satellite imagery. We
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Table 2. Characteristics of Landsat imagery used in this study. Parque de Nevados includes Ruiz, Santa Isabel, and Tolima glaciers.

GLACIER ID Reference system WRS-2 Date Landsat series Provider Processing level

Sierra Nevada de Santa Marta 032–350 2: 008/053 30/12/1989 TM EarthSat Ortho, GeoCover
Sierra Nevada de Santa Marta 024–948 2: 008/053 24/11/2002 ETM+ USGS L1G
Sierra Nevada de Santa Marta 080–095 2: 007/055 06/01/2007 ETM+ USGS SLC-Off, L1G
Sierra Nevada del Cocuy 024–545 2: 007/055 26/12/1987 TM USGS L1G
Sierra Nevada del Cocuy 032–331 2: 007/055 02/09/1992 TM EarthSat Ortho, GeoCover
Sierra Nevada del Cocuy 032–332 2: 007/056 02/09/1992 TM EarthSat Ortho, GeoCover
Sierra Nevada del Cocuy 042–733 2: 007/055 13/12/2000 ETM+ EarthSat Ortho, GeoCover
Sierra Nevada del Cocuy 042–734 2: 007/056 13/12/2000 ETM+ EarthSat Ortho, GeoCover
Sierra Nevada del Cocuy 081–410 2: 007/055 31/01/2007 ETM+ USGS SLC-Off, L1G
Sierra Nevada del Cocuy 081–411 2: 007/056 31/01/2007 ETM+ USGS SLC-Off, L1G
Parque de Nevados 032–377 2: 009/058 07/08/1989 TM EarthSat Ortho, GeoCover
Parque de Nevados 042–824 2: 009/058 24/08/2001 ETM+ EarthSat Ortho, GeoCover
Parque de Nevados 073–238 2: 009/058 24/02/2005 ETM+ USGS SLC-Off, L1G
Huila 032-377 2: 009/058 07/08/1989 TM EarthSat Ortho, GeoCover
Huila 073-238 2: 009/058 24/02/2005 ETM+ USGS SLC-Off, L1G

also aim to contrast our updated estimations with those given
by Flórez(2002) for 2002 and byCeballos et al.(2006) for
2003, in order to diagnose the ongoing urgency and critical-
ity of the problem.

2 Data

For estimation purposes we used Landsat satellite TM and
TM+ imagery of the visible and infrared bands at 28.5 m res-
olution for the the 1987–2007 period (Table2). Source for
the Landsat satellite imagery was the Global Land Cover Fa-
cility (GLCF). Elevation data from a Digital Elevation Model
(DEM) of the United States Geological Survey (USGS), con-
taining data gathered by the Shuttle Radar Topography Mis-
sion (SRTM) of NASA at 3 arcsec (92 m) resolution.

3 Methodology

Diverse pre-processing, processing and post-processing tech-
niques were implemented on the satellite imagery, including:

– Pre-processing techniques refer to geo-referencing of
imagery restoration, and also to correction of radiance
values due to geometric distortion and atmospheric scat-
tering (Bruce and Hilbert, 2004).

– Processing techniques were applied to improve imagery
contrast by combining the following three images: (i)
the Normalized Difference Snow Index (NDSI), (ii) the
ratio between Landsat bands 4 and 5, and (iii) the Princi-
pal Component No. 2 of the red, green, and blue chan-
nels, (Sidjak and Wheate, 1999), as shown in Fig.4.
In addition to clearly differentiating snow from clouds,
the NSDI reduces the influences of geometric and atmo-
spheric effects (Gupta et al., 2005). Also, multispectral

NDSI B4/B5+ +   PCA2    = RGB
Composition

Fig. 4. Combination of images in the processing procedure. The Normalized Difference Snow Index (NDSI),

the ratio between bands 4 and 5, and the Principal Component Analysis No. 2 in the red (R), green (G), and

blue (B), channels, are combined together to produce an improved RGB image.
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Fig. 4. Combination of images in the processing procedure. The
Normalized Difference Snow Index (NDSI), the ratio between
bands 4 and 5, and the Principal Component Analysis No. 2 in the
red (R), green (G), and blue (B), channels, are combined together
to produce an improved RGB image.

imagery spatial segmentation techniques were applied,
using a maximum likelihood method towards segmenta-
tion of images in a predefined number of classes using
the spectral response of selected training parcels within
the classes of interest.

– Post-processing techniques included coordinate system
change, rasterization, polygon edition and areal estima-
tion.

4 Results and discussion

1. Sierra Nevada de Santa Marta. Estimates of glacier-
ized area are 10.14 km2 in 1989, 7.33 km2 in 2002,
and 5.95 km2 in 2007. It lost 41% of its area
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Fig. 5. Landsat images of Sierra Nevada de Santa Marta glacier in (a) December 1989, and (b) January 2007.

(c) Glacier countours in 1989 (blue), 2002 (pink), and 2007 (green). (d) Time evolution of glacier areal extent:

10.14 km2 (1989), 7.33 km2 (2002), and 5.95 km2 (2007).
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Fig. 5. Landsat images of Sierra Nevada de Santa Marta glacier in(a) December 1989, and(b) January 2007.(c) Glacier countours in 1989
(blue), 2002 (pink), and 2007 (green).(d) Time evolution of glacier areal extent: 10.14 km2 (1989), 7.33 km2 (2002), and 5.95 km2 (2007).

during 1989–2007, with an average retreat rate of
232 611 m2 year−1, although from the year 2000 it in-
creased to 275 000 m2 year−1. The high spatial frag-
mentation and the geographical and environmental
characteristics make this glacier most vulnerable to
global warming. It is known that scale and edge effects
become effective for tropical glaciers retreat when they
reach a critical size (Ceballos et al., 2006; Francou et al.,
2003). Figure5 shows the time evolution of the glacier
areal extent.

2. Sierra Nevada del Cocuy. Estimates of glacierized
area are 28.66 km2 in 1989, 22.9 km2 in 2000, and
17.00 km2 in 2007. It lost 41% of its glacier area dur-
ing 1989–2007, with an average annual retreat rate of
648 000 m2 year−1, although from the year 2000 it in-
creased to 843 000 m2 year−1. This glacier exhibits the
largest of net retreat rates among the studied herein, in-
cluding that for the 2000–2007 period. See Fig.6.

3. Nevado del Ruiz volcano. Estimates of glacierized
area are 14.06 km2 in 1989, and 8.66 km2 in 2004.
It lost 38% of its glacier area during the 1989–
2004 period, with an average annual retreat rate of
360 000 m2 year−1. It is worth noting that Nevado
del Ruiz currently exhibits low-level volcanic activity,
which enhances the warming process and glacier loss.

4. Nevado de Santa Isabel volcano. Estimates of glacier-
ized area are 6.50 km2 in 1989, 5.19 km2 in 1991, and
3.28 km2 in 2004. It lost 49% of its glacier area dur-
ing the 1989–2004 period, with an average annual re-
treat rate of 214 000 m2 year−1. Climatic variables are
indeed related to this glacier retreat (Eusćategui and Ce-
ballos, 2002), which does not show any sign of volcanic
activity.

5. Nevado del Tolima volcano. Estimates of glacierized
area are 1.27 km2 in 1991, and 0.96 km2 in 2004. It lost
24% of its glacier area during the 1991–2004 period,
with an average annual retreat rate of 24 000 m2 year−1

www.adv-geosci.net/22/107/2009/ Adv. Geosci., 22, 107–116, 2009
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Fig. 6. Landsat images of the Sierra Nevada del Cocuy in (a) December 1987, and (b) January 2007. (c) Glacier

countours in 1989 (blue), 2000 (pink), and 2007 (green). (d) Time evolution of glacier areal extent: 28.66 km2

(1989), 22.9 km2 (2000), and 17.00 km2 (2007).
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Fig. 6. Landsat images of the Sierra Nevada del Cocuy in(a) December 1987, and(b) January 2007.(c) Glacier countours in 1989 (blue),
2000 (pink), and 2007 (green).(d) Time evolution of glacier areal extent: 28.66 km2 (1989), 22.9 km2 (2000), and 17.00 km2 (2007).

6. Nevado del Huila volcano. Estimates of glacierized area
are 18.39 km2 in 1989, 13.84 km2 in 2001, and 7.94 km2

in 2005. It lost 56% of its glacier area during the 1989–
2005 period, with an average annual retreat rate of
653 000 m2 year−1. Among the studied glaciers, Huila
showed the largest areal extent shrinkage, and since
2006 it has been showing signs of volcanic activity,
which can speed up the glacier shrinkage process. See
Fig. 7.

A summary of the newly estimated retreat rates and re-
maining glacier areas in Colombia is shown in Table3. Our
estimates are subject to several uncertainties owing to: (i)
imagery restoration processes, (ii) presence of shadows as-
sociated with clouds and topography, (iii) changes in coor-
dinate reference system, (iv) processes of conversion into
raster images, and (v) mixing of information from image bor-
ders. This latter procedure is highly sensitive to the spatial

and spectral resolution of satellite imagery, but also to spa-
tial segmentation procedures (Fernandez et al., 2004; Oltof
and Latifovich, 2004).

Our estimates indicate that 2007 Colombia’s total glacier-
ized area amounted to less than 45 km2. Also glacier termini
is now found at around 4800 m a.s.l. The most likely cause
of the identified glacier retreat rates is the increase in aver-
age minimum and mean temperatures, as evidenced in Fig.2,
which confirms those results found byMesa et al.(1997),
Pérez et al.(1998), Ochoa and Poveda(2008), andPoveda
(2009). It is much less likely that glaciers’ retreat have been
caused by a generalized decrease in precipitation (drying)
since no clear-cut regional or national trends have been found
in rainfall records, though river discharges of most important
river basins are showing decreasing trends, as indicated in
the last two rows of Table1, as well as in Fig.3.
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Table 3. Summary of identified Colombia’s estimated glaciers retreat rates and remaining areas.

GLACIER Period Area loss Mean retreat rate Remaining
(%) [m2 year−1] Area [km2]

Sierra Nevada de Santa Marta 1989–2007 41 275 000 6
Sierra Nevada del Cocuy 1989–2007 40 843 000 17
Nevado del Ruiz 1989–2004 38 360 000 8
Nevado de Santa Isabel 1989–2004 49 214 000 4
Nevado del Tolima 1991–2004 49 24 000 2
Nevado del Huila 1989–2005 56 653 000 8
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Fig. 7. Landsat images of Nevado del Huila in (a) August 1989, and (b) December 2005. (c) Glacier countours

in 1989 (blue), 2001 (pink), and 2005 (green). (d) Time evolution of glacier areal extent: 18.39 km2 (1989),

13.84 km2 (2001), and 7.94 km2 (2005).
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Fig. 7. Landsat images of Nevado del Huila in(a) August 1989, and(b) December 2005.(c) Glacier countours in 1989 (blue), 2001 (pink),
and 2005 (green).(d) Time evolution of glacier areal extent: 18.39 km2 (1989), 13.84 km2 (2001), and 7.94 km2 (2005).

In absence of detailed mass-balance studies do date in
Colombia (Ceballos et al., 2006), and considering our up-
dated estimates, the reported 60 km2 for 2002 (Flórez, 2002),
and 55.4 km2 for 2003 (Ceballos et al., 2006), an average
glacier retreat for Colombia can be estimated roughly as
3.0 km2 year−1. Assuming such linear trend for the near
future, we can conjecture that Colombian glaciers will dis-
appear around the year 2022. Nevertheless, such deadline

seems to be an extremely optimistic scenario due to the fol-
lowing facts:

1. Our latter estimates for Nevado del Ruiz, Santa Isabel
and Tolima glaciers correspond to 2004, and they have
continued to shrink ever since (J. Ceballos, and B. Fran-
cou, personal communication, 2009).

www.adv-geosci.net/22/107/2009/ Adv. Geosci., 22, 107–116, 2009
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2. We have to bear in mind that positive feedbacks oc-
cur between glacier retreat and precipitation phase (liq-
uid/solid) and albedo, considering the maximum glacier
height. Such feedbacks determine the ELA elevation
(around 5100 m) is close to the maximum elevation of
these glaciers. In this case, most glaciers are in an out
of equilibrium state (for instance Santa Isabel), and their
extinction time depends on the maximum ice cap width
and the annual ablation rate (B. Francou, personal com-
munication, 2009).

3. We also have to bear in mind the aforementioned scale
and edge effects becoming effective for tropical glaciers
retreat when they reach a critical size (Ceballos et al.,
2006; Francou et al., 2003).

4. The estimated 2.6 km2 year−1 retreat rate constitute an
average long-term value, but local retreat rates may dif-
fer due to differences in topography, microclimate fea-
tures such as maximum temperature, relative humid-
ity and solar radiation (Kaser, 1999; Eusćategui, 2002,
2003), and fragmentation degree among glaciers.

5. A major concern related to local and global warming is
the change of solid precipitation (snow) for liquid water,
thus contributing to decrease the net glacier solid mass
balance.

6. Glacier loss would accelerate should global warming is
associated with more frequent El Niño events. Guil-
yardi (2006) showed that among those climate change
models that best reproduced the diversity of the ob-
served El Nĩno/Southern Oscillation (ENSO) events,
there was a significant trend towards increased El
Niño amplitude in high CO2 scenarios (Guilyardi et
al., 2009). Although this issue is still under discus-
sion, it is well documented that El Niño is associ-
ated with positive anomalies in minimum and average
air temperatures, but also with negative precipitation
anomalies over most of Colombia (Poveda and Mesa,
1997; Waylen and Poveda, 2001; Poveda et al., 2001,
2005, 2006), which are also evidenced in glacier ar-
eas (Eusćategui, 2002; Ceballos et al., 2006). It is also
known that La Nĩna is associated with negative anoma-
lies in air temperatures and positive anomalies in rain-
fall (Poveda et al., 2001), both of which would tend to
recover glacier masses, but the higher frequency of El
Niño (3–4 years) with respect to La Niña (5–6 years)
would contribute to speed up glaciers’net losses.

7. An extremely important factor of tropical glacier mass
balance is the amplitude of the diurnal cycle of tempera-
tures, which in Colombia is showing long-term signs of
intensification as a result from global and local warm-
ing, but also during during El Niño events (Poveda et al.,
2005). Also, these trends point out to an acceleration of
glacier shrinkage rates.

8. At any rate, these statistical extrapolations need to be
confirmed with an thorough and comprehensive mon-
itoring study of mass and energy budgets on these
Colombian tropical glaciers.

In view of these, it is very likely that our estimated 2024
deadline might be anticipated to the later years of the 2010–
2020 decade, with some regional differences in timing and
severity of environmental and water resources implications.
The likely disappearance of Colombian glaciers posses an
enormous threat to the survival ofparamos, endemic unique
ecosystems of the tropical Andes (Cuatrecasas, 1968; Bal-
slev and Luteyn, 1992; Mora-Osejo and Sturm, 1995; Pab́on
and Hurtado, 2002; Hofstede et al., 2003), with serious eco-
logical implications for the region, as yet identified as the
most criticalhotspotfor biodiversity in the world (Myers et
al., 2000). Paramosare water sources for many small towns
and villages along the Andes (including Bogotá), as is the
case in the glaciers of Ecuador and Peru (Hastenrath and
Ames, 1995; Vuille et al., 2008), but also for very cheap,
clean and renewable hydropower generation. At any rate,
these updated estimates allow us to forecast the deadline of
Colombia’s glaciers long before the next 100 years predicted
by the 2007 IPCC Fourth Assessment Report (Magrin et al.,
2007). Besides research and monitoring programs to quan-
tify the local surface energy balance, adaptation plans and
activities need to be urgently implemented in Colombia to
face the threats arising from the glaciers’ retreat and disap-
pearance.

5 Conclusions

We have updated the retreat rates estimates of the six remain-
ing tropical glacierized mountain ranges of Colombia for the
period 1987–2007, using Landsat TM and TM+ imagery.
Analysis was performed using detailed pre-processing, pro-
cessing and post-processing techniques. Estimates for all
glaciers studied herein show that shrinkage rates have speed
up since 2000, and that the glacierized area decreased from
60 km2 in 2002 (Flórez, 2002), to 55.4 km2 in 2003 (Ce-
ballos et al., 2006), to less than 45 km2 in 2007, meaning
an average retreat rate of 3.0 km2 year−1, albeit with some
regional differences in timing and strength of retreat. At
such pace all Colombian glaciers will disappear around the
year 2022, although many other factors are present that tend
to speed up the shrinking processes. Therefore, we con-
jecture the deadline of Colombian glaciers some time dur-
ing the late part of the 2010–2020 decade, long before the
100 years deadline mentioned by the 2007 IPCC AR4. In
any case, these Colombian tropical glaciers deserves the ur-
gent implementation of thorough and comprehensive moni-
toring programme to study their mass and energy balances.
As such, the Colombian tropical glaciers are environments
on the verge of extinction, with enormous implications for
water resources planning and management and ecosystems’

Adv. Geosci., 22, 107–116, 2009 www.adv-geosci.net/22/107/2009/



G. Poveda and K. Pineda: Colombia’s tropical glaciers retreat 115

survival. Colombia requires to get funding from the global
adaptation fund to design the policies, strategies and tools to
cope with these urgent social and environmental threats.
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Hoyos-Patĩno, F.: Glaciers of Colombia, in: Satellite Image Atlas
of Glaciers of the World South America, edited by: Williams
Jr., R. S. and Ferrigno J. G., USGS Professional Paper 1386-I,
United States Government Printing Office, Washington DC, 11–
30, 1998.

IDEAM: Los glaciares Colombianos, expresión del cambio cli-
matico global, Bogot́a, 19 p., online available at:http://www.
ideam.gov.co/publica/glaciares/glaciares.pdf, 2000.

Kaser, G.: A review of the modern fluctuations of tropical glaciers,
Global Planet. Change, 22(1–4), 93–103, 1999.
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