
 

Glacier Retreat 

GLOBE 

Associated SDG  
Type of 

Activity 
Spheres Associated Protocols 

Atmosphere Air temperature. Surface 

Temperature. 

Clouds. Precipitation.  

6 (Clean Water and 

Sanitation) 

13 (Climate Action) 

14 (Life Below 

Water) 

15 (Life on Land) 

Exploratory 

Biosphere Land Cover.  

Pedosphere Soil Moisture. Soil temperature. 

Frost Tube  

Hydrospher

e 

Water temperature. pH. 

Alkalinity. Electrical conductivity. 

Water Transparency. Salinity. 

Nitrates. 

Bundle Water Cycle. Water Quality. 

Rivers and Lakes.  

Overview 

Satellite images and maps are analyzed to determine glacier fluctuations over the last 
20 years or more. Glaciers and fluctuations are located, and the impacts of temperature 
increase on glacier extent and new lake formation are compared.  

Time 

4 or 5 classes 

Prerequisites 

Basic knowledge of ecosystems, meteorology and ICT. Ability to interpret satellite 
images and maps. Ability to locate points using latitude and longitude. 

School Level 

Upper Primary School, High School and University students 

Purpose 

To understand the impact of ice loss on glaciers and the changes in the interrelationship 

among the spheres of the Earth System 

Student Outcomes 
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● To compare satellite data on snow cover, net radiation, Earth's surface 
temperature and cloud fraction to establish relationships. 

● To analyze cases of glacier cover changes, the formation of new water bodies 
due to ice melting and their impact on ecosystems and human activities. 

● To consider the impact of human activities on climate change and glacier retreat.  

● To outline hypotheses of possible consequences on human activities from the 
disappearance of glaciers in some regions. 

Background 

Low temperatures and snow precipitations are essential for the formation and 
maintenance of glaciers. The largest ice sheets are located in the poles and are 
important for their influence on climate regulation and their contribution to changes in 
sea level. In the Andes, glaciers are found above the snow line, where cold temperatures 
maintain the ice all year round. Glaciers are considered sensitive indicators of climate 
change because they respond quickly to changes in temperature and precipitation. The 
WMO (World Meteorological Organization) report on the "2021 State of the Climate in 
Latin America and the Caribbean" notes that warming is accelerating in the region and 
precipitation patterns are changing. As a result, The Andes glaciers have lost much of 
their mass and are in retreat. The WGMS (World Glacier Monitoring Service) monitors 
some of the world's benchmark glaciers and documents the fluctuations. The rapid 
retreat of tropical glaciers is considered one of the most visible indicators of global 
warming. The degree of glacier retreat varies, but small glaciers are more vulnerable. 
Many of the Andean glaciers have already disappeared and this situation increases the 
risk of water scarcity for populations, production, hydroelectricity generation and 
ecosystems.  

The formation of glaciers depends on latitude, altitude and annual precipitation. As snow 
accumulates, it compresses the snow already deposited and creates a dense layer, 
called firn. If snow continues to accumulate, the pressure increases and the firn becomes 
more compact until it becomes solid glacier ice that begins to flow by the effect of the 
force of gravity on its own mass, or by sliding or internal deformation. Glaciers have an 
upper accumulation zone, where the snow mass is deposited, and a lower ablation zone, 
where the glacier mass is lost. The ablation process can occur by melting, erosion, wind, 
and frontal sliding. The area between the zones where accumulation equals ablation is 
called the equilibrium line, the area that marks the boundary between new snow and old 
snow that is exposed after melting. When periods of greater ablation or greater snow 
accumulation occur, this equilibrium disappears and the glacier can advance or retreat.  

The albedo is the ability of surfaces to reflect solar radiation. Glaciers influence the global 
climate because their reflective capacity of ice and snow is important for regulating the 
temperature in the atmosphere. Dark surfaces have a low albedo, absorb more energy 
and warm up. White surfaces, such as snow, have a higher albedo and reflect much of 
the sun's energy back into space.  

The high albedo of the snow keeps the surfaces cold, but as the glaciers shrink, the dark 
ground that absorbs radiation is exposed, causing warming and further enhancing the 
melting of the surrounding snow. Soot particles, also known as black carbon, travel long 
distances and are often deposited on glaciers, darkening their surface and causing 
further melting. This phenomenon is more frequent in glaciers that are relatively close to 
large cities. 

https://go.nasa.gov/3rQKN7T
https://go.nasa.gov/3fYZPFQ
https://www.glims.org/maps/glims
https://svs.gsfc.nasa.gov/4995
https://wgms.ch/fogbrowser/


 

 

Fig. 1. Snow accumulation and ablation zones on a glacier. 

Glaciers provide water to most of the large rivers in South America. The headwaters of 
the great basins in the high areas of the Andes usually receive more precipitation than 
the plains. In addition, glaciers and snow-covered areas constitute a significant reserve 
of water that is released during snowmelt and are particularly important in regions with 
large seasonal variations and low levels of precipitation. 

 

Fig. 2. Comparison of photographs of Upsala Glacier, Argentina taken in 1931 and 2016. 

Glacier retreat can be quantified by comparing old photographs with current ones as in 
Figure 2, and also by satellite imagery, as shown in Figure 3.  



 

 

Fig. 3. Satellite images of the Upsala Glacier in Argentina. The recent Sentinel-2 L2A image 
from April 2022 (right) shows ice loss at the glacier front and edges when compared to the 

Landsat 4-5 TM L2 image from April 1998 (left).  

The loss of ice causes river levels to decrease and increases the risk of drought. Where 
river flows have been documented over long periods of time, these trends can be 
observed.  

To assess the condition of a glacier, glaciologists measure the annual mass balance 
which is the result of the snow accumulation (mass gain) and melting (mass loss) during 
a given year. The mass balance reflects the atmospheric conditions during a hydrological 
year. By measuring the mass balance over a long period, it is possible to observe trends.  

 

Fig. 4. Decrease in the annual mass balance of Andean glaciers. 

Figure 4 shows the ice mass trends in recent years in the Andes region by the World 
Glacier Monitoring Service (WGMS). Glaciers in the tropical Andes have lost -0.97 
(meters of water equivalent) between 1990 and 2020. Analyses using satellite imagery 
show significant reductions in glacier area in recent decades. The Dry Andes and the 
Southern Andes also show the same trend of retreat. In the future, glaciers throughout 
the Andes are expected to continue to retreat and the resulting hydrological changes will 
impact communities and ecosystems. Therefore, knowing and monitoring changes in ice 
cover is the first step in understanding and designing mitigation measures for impacts. 

https://earthobservatory.nasa.gov/global-maps/MOD10C1_M_SNOW


 

Guiding Research Questions 

● How does the extent of glaciers change? 
● What kind of changes are observed? 
● Are there new lakes around the glaciers? 
● To which watersheds do the glaciers you are studying contribute water? 
● What is the relationship among temperature, precipitation and the formation of 

an ice cover? 
● What is the impact of changes in ice cover on ecosystems and people's lives? 

● What human activities impact glaciers on a large scale?  

● How can changes in the cryosphere be measured? 

Scientific Concepts 

● Ecosystems 

● Cryosphere 

● Land Cover 

● Electromagnetic Spectrum 

● Satellite Images - False Color Composite 

Materials and Tools 

● ArcGIS StoryMaps https://storymaps.arcgis.com/  
● Global maps - Records of the last few years:  

1. Snow cover - https://go.nasa.gov/3fYZPFQ  
2. Net radiation received by the Earth's surface - https://go.nasa.gov/2T2EwDJ  
3. Earth's surface temperature - https://go.nasa.gov/3rQKN7T  
4. Fraction of clouds that regulate the Earth's temperature - 

https://go.nasa.gov/2JavOOV  
● Cases of changes in some glaciers: 

Case 1. Glaciers of the Sierra Nevada del Cocuy, Colombia:  

1. Google Map - Location 
2. Google Earth (Sequence 1985 to 2020)  
3. Wordview (comparison 1986 and 2021)  
4. EO Browser - (seasonal changes): January - August 

Case 2. Quelccaya Glacier, Peru:  

5. Google Map - Location 
6. Google Earth (Sequence 1985 to 2020)  
7. Wordview (comparison 1985 and 2022)  
8. EO Browser - (seasonal changes): April - September 

Case 3. Glaciers in Ancohuma (Cordillera Real), Bolivia:  

1. Google Map - Location 
2. Google Earth (Sequence 1985 to 2020)  
3. Wordview (comparison 1986 and 2022)  
4. EO Browser - (seasonal changes): May - September 

Case 4. Upsala Glacier, Argentina:  

1. Google Map - Location 

https://storymaps.arcgis.com/
https://go.nasa.gov/3fYZPFQ
https://go.nasa.gov/2T2EwDJ
https://go.nasa.gov/3rQKN7T
https://go.nasa.gov/2JavOOV
https://www.google.com/maps/place/Ritacuba+Blanco/@6.4788167,-72.3057688,40006m/data=!3m1!1e3!4m6!3m5!1s0x8e693e65b4827617:0x93c8377069eb69f5!8m2!3d6.4941666!4d-72.2975!16zL20vMGdqenMw?entry=ttu&g_ep=EgoyMDI1MDcwNy4wIKXMDSoASAFQAw%3D%3D
https://earth.google.com/web/search/Sierra+Nevada+del+Cocuy,+Colombia/@6.40594567,-72.29175893,4754.51763215a,44028.34278105d,35y,-0h,0t,0r/data=CjsiJgokCf-HQ0qg5kjAEVR7e0eAB0nAGfvp-BXzRlLAISz9st0QYFLAOg0IAREAAAAAAADwPyABQgIIAToDCgEwQgIIAEoNCP___________wEQAA?authuser=0
https://go.nasa.gov/3CQ0cLO
https://browser.dataspace.copernicus.eu/?zoom=12&lat=6.4249&lng=-72.23357&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX19v4kSaeiOivYcAS%2B%2BCwMDemPtrN1olJs49DWB%2BLP%2FlihxD23FkwnIzONYVmhmjFc2NidcAtHZ%2BRJc10nQADODUxzlJkoc3mI1IUQrO7g9WQEnkIIrb7jQe&datasetId=S2_L2A_CDAS&fromTime=2022-01-05T00%3A00%3A00.000Z&toTime=2022-01-05T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=12&lat=6.4249&lng=-72.23357&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX18egi6qmCn2uQibY8C4ypSNmoeki9Hz%2BcmfQoqViyyIrnYdiLcnm7%2FuMcfpqHy4CPnR9%2FYtHp4SUAXLrai%2B6824Py%2F2wCabf%2FGYIoB79Gssf7Om96gCvOnV&datasetId=S2_L2A_CDAS&fromTime=2022-08-18T00%3A00%3A00.000Z&toTime=2022-08-18T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://www.google.com/maps/place/Glaciar+Quelccaya/@-13.9337367,-70.8510244,11999m/data=!3m1!1e3!4m14!1m7!3m6!1s0x916f3f728598e181:0xc2a57f2f1ce99af6!2sGlaciar+Quelccaya!8m2!3d-13.933333!4d-70.833333!16s%2Fg%2F11bc5blgyz!3m5!1s0x916f3f728598e181:0xc2a57f2f1ce99af6!8m2!3d-13.933333!4d-70.833333!16s%2Fg%2F11bc5blgyz?entry=ttu&g_ep=EgoyMDI1MDcwNy4wIKXMDSoASAFQAw%3D%3D
https://earth.google.com/web/search/Glaciar+Quelccaya,+Per%c3%ba/@-13.91748679,-70.79874728,5576.90647343a,33873.5370943d,35y,0h,0t,0r/data=CjsiJgokCQFyvLyFLRpAEWbfk8a0ERlAGa1FteMqAVLAIdQPjHctJFLAOg0IAREAAAAAAADwPyABQgIIAToDCgEwQgIIAEoNCP___________wEQAA?authuser=0
https://worldview.earthdata.nasa.gov/?v=-71.15002385185713,-14.0880241375217,-70.53810000717661,-13.776012120671886&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(opacity=0.6),Landsat_WELD_CorrectedReflectance_Bands743_Global_Annual,Land_Water_Map(opacity=0.6),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&lg=false&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(opacity=0.6),HLS_L30_Nadir_BRDF_Adjusted_Reflectance,HLS_S30_Nadir_BRDF_Adjusted_Reflectance,Land_Water_Map(opacity=0.6),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg1=false&ca=false&cv=64&t=1985-09-07-T18%3A46%3A06Z&t1=2022-09-09-T22%3A46%3A06Z
https://browser.dataspace.copernicus.eu/?zoom=12&lat=-13.9381&lng=-70.78991&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX19bomBDyTsIvIlFQ2oGcZRPv2lN40ooBEHa720ovptuyecYR9VLkpTVt3ZVsJGt5FuVtkeXzv%2FPpjz%2BI0kWhdABcqa17KcBgaQFjxAiSC6f8bucrxgd4xwG&datasetId=S2_L2A_CDAS&fromTime=2022-04-29T00%3A00%3A00.000Z&toTime=2022-04-29T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=12&lat=-13.9381&lng=-70.78991&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2B1i3S%2FcIsvAUmG8Ogp9SHEwkZ13KsY912NlvZ4W3C5j4LTVIGS9Wf0XB4dUFEVwwOPgz%2FctEju2JB0hlwLvpgEL0DiDzDdsNVI5jJMJ7aziSqpq6KVo0oV&datasetId=S2_L2A_CDAS&fromTime=2022-09-21T00%3A00%3A00.000Z&toTime=2022-09-21T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://www.google.com/maps/@-15.8791078,-68.46232,27476m/data=!3m1!1e3
https://earth.google.com/web/search/Ancohuma,+Bolivia/@-15.84288115,-68.47689835,5029.82774915a,56897.09182441d,35y,360h,0t,0r/data=Co8BGlISTAolMHg5MTVlNmE2NWI0ZjJjZmNiOjB4NzExYTgyNmVkYzdmZmIwNBnuLDAa6LQvwCGeBUYDnSJRwCoRQW5jb2h1bWEsIEJvbGl2aWEYAiABIiYKJAlFF-cQW5wrwBEPF-JIEw8swBkOQpuPoaRRwCE4kO0SncFRwDoNCAERAAAAAAAA8D8gAUICCAE6AwoBMEICCABKDQj___________8BEAA?authuser=0
https://go.nasa.gov/3SSV9Qo
https://browser.dataspace.copernicus.eu/?zoom=13&lat=-15.85406&lng=-68.51319&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2F9cfZJNDWyjrsVy69OA%2F429swDIawC9%2BZZWKTMePAZ5UlyFiHaVBeh78lIDeQXzF3LNab8Ro01u3FKKkYFt2Z0V3Sz4n8r4LoVVq7%2FEAQA%2B5OxjmE0YXGP&datasetId=S2_L2A_CDAS&fromTime=2022-05-21T00%3A00%3A00.000Z&toTime=2022-05-21T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=13&lat=-15.85406&lng=-68.51319&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2FLi%2FLsKDBDvrJjlYTxa6MkYphtjcD%2BmzDrhUrXC20Wz64YmS0D6%2BkZWJJ3IpbHhBezlCvUc3G%2BSAYU0lOU1hOvcvinVGAy6Ui5Ujpx7dE%2FgKXjl%2FBBbTI6&datasetId=S2_L2A_CDAS&fromTime=2022-09-08T00%3A00%3A00.000Z&toTime=2022-09-08T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://www.google.com/maps/place/Glaciar+Upsala/@-49.929524,-73.3681462,24546m/data=!3m1!1e3!4m6!3m5!1s0xbdbcb3fb8ef33df9:0xe6a9d853ec119916!8m2!3d-49.886944!4d-73.2725!16s%2Fm%2F027btct?entry=ttu&g_ep=EgoyMDI1MDcwNy4wIKXMDSoASAFQAw%3D%3D


 

2. Google Earth (Sequence 1985 to 2020)  
3. Wordview (comparison 1985 and 2022)  
4. EO Browser - (seasonal changes): April - September 

Case 5. Southern Patagonian Ice Glacier (HPS-12), Chile:  

1. Google Map - Location 
2. Google Earth (Sequence 1985 to 2020)  
3. Wordview (comparison 1985 and 2021)  
4. EO Browser - (seasonal changes): ): Febrero- September 

Case 6. Several glaciers in Sierra de Sangra, on the Chile-Argentina border:  

1. Google Map - Location 
2. Google Earth (Sequence 1985 a 2020)  
3. Wordview (comparison 1985 y 2022)  
4. EO Browser - (seasonal changes): February - September 

Supplementary material to analyze all the cases locating each glacier in: 

1. Glacier Inventory - GLIMS and it records nearby glaciers 

2. Glacier Fluctuations - WGMS for ice fluctuations in recent years 

3. Drought Atlas - to know the variation of humidity over long periods of time. SADA 

[In Spanish] to know the variation of humidity over long periods of time. (Data is 

currently available for some countries). 

What to Do and How to Do It 

- Beginning 

Show your students the Global Snow Cover Map and note the changes for different 
months of the year around the world. Compare the same month in different years. 

Compare snow cover with: a) Net Radiation, b) Land Surface Temperature and c) 
Cloud Fraction. Look again at the changes in different months of the year and the 
same month in different years to see how they match.  

Have your students record the years with the highest and lowest ice cover. Also have 
them record the overlaps of these years with net radiation, surface temperature, and 
cloud fraction.  

Ask students to develop some hypotheses about possible causes of changes in snow 
cover. 

- Development  

1. Divide the class into groups and assign one case to each group to discuss.  

a. Look at the current satellite image on Google Map. What do you see in 

that image (glaciers, forest, rivers, lakes, plantations, cities, roads, etc.)? 

What type of cover do they correspond to (Urban, Suburban, Roads, 

Forest, Prairie, Crops, Ice, Rocks, Water, etc)?  

b. Open the Google Earth sequence and observe the changes in each year. 

Record the major changes (e.g., changes in ice extent, glacial lake 

formation, changes in vegetation cover, etc.). 

https://earth.google.com/web/search/glaciar+upsala,+argentina/@-49.92586886,-73.16948987,607.1230906a,45612.75902318d,35y,0h,0t,0r/data=CpcBGloSVAolMHhiZGJjYjNmYjhlZjMzZGY5OjB4ZTZhOWQ4NTNlYzExOTkxNhkUsYhhh_FIwCE9CtejcFFSwCoZZ2xhY2lhciB1cHNhbGEsIGFyZ2VudGluYRgCIAEiJgokCcm7F_hOVS_AEQW6sWrFBDDAGTcCv6aJB1HAIfs4U39_NVHAOg0IAREAAAAAAADwPyABQgIIAToDCgEwQgIIAEoNCP___________wEQAA?authuser=0
https://worldview.earthdata.nasa.gov/?v=-73.49718532547983,-50.01896553055621,-73.0849200455588,-49.83312407234181&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(opacity=0.6),Landsat_WELD_CorrectedReflectance_Bands743_Global_Annual,Land_Water_Map(opacity=0.6),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&lg=false&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(opacity=0.6),HLS_L30_Nadir_BRDF_Adjusted_Reflectance,HLS_S30_Nadir_BRDF_Adjusted_Reflectance,Land_Water_Map(opacity=0.6),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg1=false&ca=false&cv=44&t=1985-04-07-T18%3A46%3A06Z&t1=2022-04-07-T22%3A46%3A06Z
https://browser.dataspace.copernicus.eu/?zoom=12&lat=-49.91619&lng=-73.26525&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX192LRJa0f4ZnjW4ZOVEXst4UnyvSeqRNbvzImDCP7uaJt%2FKlcbae087AhV6yP%2FdHS1B8DkrDsV3TGgdeZMsgTARPdYXQl%2B6Z7XqfppVDZi2F79JMTMBWipH&datasetId=S2_L2A_CDAS&fromTime=2022-04-07T00%3A00%3A00.000Z&toTime=2022-04-07T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=12&lat=-49.91619&lng=-73.26525&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX18fgaHgWJqOAJf%2FwgIQoCxIS6Ihd3fNWq5414fN%2FUL7vuBbzDKf3rQAqIalovO4VKWoZ7nDZeWMMo28%2BKXrIfUM2tDRVi6pWUfrhVVxXIbdgJMGAhEWC8Vr&datasetId=S2_L2A_CDAS&fromTime=2022-09-12T00%3A00%3A00.000Z&toTime=2022-09-12T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://www.google.com/maps/@-49.632614,-73.6559483,16247m/data=!3m1!1e3
https://earth.google.com/web/search/-49.637672073749606,+-73.66469636215348/@-49.61803652,-73.63969178,1604.70771705a,39614.72264947d,35y,0h,0t,0r/data=CjsiJgokCc-L1F6c5UjAEVMNZl44B0nAGU7unasvMVLAIRftc4WCZFLAOg0IAREAAAAAAADwPyABQgIIAToDCgEwQgIIAEoNCP___________wEQAA?authuser=0
https://worldview.earthdata.nasa.gov/?v=-73.88299779115222,-49.7225681990864,-73.46268396104092,-49.53309860535655&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(opacity=0.6),Landsat_WELD_CorrectedReflectance_Bands743_Global_Annual,Land_Water_Map(opacity=0.6),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&lg=false&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(opacity=0.6),HLS_L30_Nadir_BRDF_Adjusted_Reflectance,HLS_S30_Nadir_BRDF_Adjusted_Reflectance,Land_Water_Map(opacity=0.6),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg1=false&ca=true&cv=58&t=1985-01-30-T08%3A46%3A06Z&t1=2021-01-30-T08%3A46%3A06Z
https://browser.dataspace.copernicus.eu/?zoom=12&lat=-49.64542&lng=-73.613&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2FjtssS0EdlfZkig7udpiihVkGh2O3kNXEsuVM9wrMjU8Y1PIhuE6CHtvqdXh1YIHmYBDUu3br2rpfZEppZJWzSV8Zym8cwt3an1hjUlPcGYQFz1h2gudHm&datasetId=S2_L2A_CDAS&fromTime=2022-09-17T00%3A00%3A00.000Z&toTime=2022-09-17T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=12&lat=-49.64542&lng=-73.613&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2BwSgm%2FX3R4Y40o%2FzH5K8MwjHvr5ku%2BxrqVq%2Bl5DqjtpWUMczNp1uEmGiy0TMVkesSMFIw2hnaZfhzTjn4FDjmnobWUnoKDRL2kkSBh%2BIoGxmewXgYj6%2B2l&datasetId=S2_L2A_CDAS&fromTime=2022-02-21T00%3A00%3A00.000Z&toTime=2022-02-21T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://www.google.com/maps/@-48.4651543,-72.41314,25284m/data=!3m1!1e3
https://earth.google.com/web/search/sierra+de+sangra/@-48.42510656,-72.28750012,1214.50141048a,72276.24855953d,35y,0h,0t,0r/data=CjsiJgokCbcIbIwMwEjAEY7LsUIE3kjAGTQF7KA1UlLAIdYnod-qf1LAOg0IAREAAAAAAADwPyABQgIIAToDCgEwQgIIAEoNCP___________wEQAA?authuser=0
https://go.nasa.gov/3EwJu5y
https://browser.dataspace.copernicus.eu/?zoom=12&lat=-48.47603&lng=-72.37534&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX19%2BMZrgxSV2zuaLY4QYhsYR%2Fo0TJ6uJ7ETcOyPWIwCvJtVEv2GR4jXfaQ3LbyztEx1lHh5Lr34p0kw8NO%2Bs083%2BSI3cFfjEnP8Bn6QX57dti1kKHSeXkTNz&datasetId=S2_L2A_CDAS&fromTime=2022-02-21T00%3A00%3A00.000Z&toTime=2022-02-21T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=12&lat=-48.47603&lng=-72.37534&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2FHqGGoQvlYEkzU58VP8ORIvncTAyGTSS0%2B2ylkoSVzyWNOyTq7nOvR8i%2FyUdaoofDz%2B4OQajUcW6hopJX5OZkTRwt9mdGTmb0eHUnM9CxLlDd4%2B4F5%2F3Y%2B&datasetId=S2_L2A_CDAS&fromTime=2022-09-12T00%3A00%3A00.000Z&toTime=2022-09-12T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://www.glims.org/maps/glims
https://wgms.ch/fogbrowser/
https://sada.cr2.cl/
https://earthobservatory.nasa.gov/global-maps/MOD10C1_M_SNOW
https://earthobservatory.nasa.gov/global-maps/MOD10C1_M_SNOW/CERES_NETFLUX_M
https://earthobservatory.nasa.gov/global-maps/MOD10C1_M_SNOW/MOD_LSTD_M
https://earthobservatory.nasa.gov/global-maps/MOD10C1_M_SNOW/MODAL2_M_CLD_FR


 

c. Compare Landsat images (old) and Sentinel images (current). Record the 

observed changes.  

d. Compare recent Sentinel images in EO Browser with the combined bands 

for false color composite. What seasonal changes are seen in the 

images? (Consider this combination of bands that highlights vegetation in 

red and allows for clearer visualization of snow on the ground.) 

2. Ask your students to create a presentation about the case study. They can make 

a story with maps (using ArcGIS StoryMaps), or a slide presentation. 

3. Bring all the groups together, ask them to explain the cases they discussed and 

compare the similarities among the cases. 

4. If you have glaciers nearby or are in a watershed where water availability 

depends on glacier ice, you can use the same tools to analyze their status and 

changes in recent years. You can also supplement with field measurements. If 

you do not have glaciers nearby you can analyze other cases and compare them. 

Resources: 

a. Location of glaciers in the world - GLIMS 

https://www.glims.org/maps/glims (See bibliography for glacier 

inventories and specific reports in different countries) 

b. WGMS ´s Glacier Fluctuations - https://wgms.ch/fogbrowser/  

c. SADA ´s Drought Atlas - https://sada.cr2.cl/ [In Spanish] (This atlas has 

information for some countries, but it is being updated to be extended to 

other regions.) 

- Ending 

Because of the relevance of this issue, it is important to develop outreach information 

materials. Students can make a story with maps (Story Map), a video, or flyers to 

post on social networks summarizing the cases they analyzed and highlighting the 

importance of glaciers for ecosystems and communities. 

Frequently Asked Questions 

Where do I find satellite images? - Worldview – Copernicus Browser - Google Earth - 
Google Map 

Where do I find glaciers? - GLIMS is a database of the world's glaciers. You can 
download glacier contours and place them in Google Earth. 

Where do I find glacier retreat information? WGMS is a database of glacier fluctuations 
around the world. It has information on some reference glaciers. 

 

Suggested Resources for Further Information 

As an extension of this activity students can consult satellite images from different dates 

and locations to explore other glaciers. The GLIMS and WGMS databases have specific 

information. There are also national glacier inventories (see link of interest). Worldview 

and Google Earth have stored images since the 1980s. 

 

https://www.glims.org/maps/glims
https://wgms.ch/fogbrowser/
https://sada.cr2.cl/
https://storymaps.arcgis.com/


 

Other Resources: 

Drought Atlas https://sada.cr2.cl [In Spanish] 

Snow Cover and Sea Ice Cycle at the Poles https://svs.gsfc.nasa.gov/4995 

WGMS Fluctuation of Glaciers - https://wgms.ch/fogbrowser/  

GLIMS Glacier Inventory -  https://www.glims.org/maps/glims  

 

Global maps: 

1. Snow cover since the year 2000 - https://go.nasa.gov/3fYZPFQ  

2. Land temperature since the year 2000 - https://go.nasa.gov/3rQKN7T  

 

Links of interest: 

National Water Authority - ANA. Peru. Glaciers. https://tinyurl.com/3pc2w8fm   

Chilean Glaciers Foundation https://www.glaciareschilenos.org/  

Institute of Hydrology, Meteorology and Environmental Studies - IDEAM. Colombia. 

Glaciers in Colombia. https://www.ideam.gov.co/  

National Glacier Inventory. IANIGLA. Argentina. 

https://www.glaciaresargentinos.gob.ar/  

Glaciology Laboratory. Chile. https://glaciologia.cl/  

 

Videos: 

NASA Climate Change (2021). Global Warming from 1880 to 2021. Youtube: 

https://youtu.be/haBG2IIbwbA  

NASA Climate Change (2021). NASA: Sea level rise. List: Earth Minute. Youtube: 

https://youtu.be/msnOHuPep9I  

NASA Climate Change (2021). NASA: Earth has a fever. List: Earth Minute. Youtube: 

https://youtu.be/nAuv1R34BHA  

NASA Climate Change (2021). NASA: Usual suspects. List: Earth Minute. Youtube: 

https://youtu.be/dLGbqjp78lE  

NASA Climate Change (2022). Climate Spiral. Youtube: https://youtu.be/jWoCXLuTIkI  

NASA Climate Change (2022). Global Warming Broken Down by Latitude Zone: 1880-

2021. Youtube: https://youtu.be/f6FMS7mJatM   

https://sada.cr2.cl/
https://svs.gsfc.nasa.gov/4995
https://wgms.ch/fogbrowser/
https://www.glims.org/maps/glims
https://go.nasa.gov/3fYZPFQ
https://go.nasa.gov/3rQKN7T
https://tinyurl.com/3pc2w8fm
https://www.glaciareschilenos.org/
https://www.ideam.gov.co/
https://www.glaciaresargentinos.gob.ar/
https://glaciologia.cl/
https://youtu.be/haBG2IIbwbA
https://youtu.be/msnOHuPep9I
https://youtu.be/nAuv1R34BHA
https://youtu.be/dLGbqjp78lE
https://youtu.be/jWoCXLuTIkI
https://youtu.be/f6FMS7mJatM


 

NASA Climate Change (2022). Watching the Land Temperature Bell Curve Heat Up 

(1950-2020). Youtube: https://youtu.be/1YigIVWMPHM  

Tutorials by: Worldview, Copernicus Browser, Story Map 
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