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Introduction
Dennis Y. Pan

What is happening to the Glacier National Park?

Glaciers are melting rapidly around the world, and continuous widespread glacial melting in the coming century will lead to floods, sea level rise that could destroy coastal communities, and water shortages for millions of people.
  This phenomenon could be caused by global warming and climate change.  The world population by 2050 could reach 9.3 billion,
 and glaciers are disappearing fast around the world at the worst possible time.
The Glacier National Park at the North West side of Montana also seems to be suffering from the effects of global warming, for its glaciers are retreating fast.  The effects of the glacial retreat in the park include reducing seasonal glacial melting that affect stream flow during the dry summer and fall seasons, threatening nearby wildlife habitats while increasing forest fire risks as the water table drops due to the lack of glacial melt water, and declining tourism.
  Some scientists predicted that by the year 2020, all the glaciers in the Glacier National Park will disappear.

The Glacier National Park in recent years has experienced rise in the spring and summer minimum temperatures, possibly influencing earlier melting of the ice covers in the park during summer.
  This kind of early melting could make mountain ice covers in the park during late summer to be much smaller in size, and it is easy to suspect that that summer ice covers in the park shrank significantly in the past 10 years.
Summer Ice Cover from July 1999 to July 2009

When comparing the true color composite of July 1999 to that of July 2009, it appears that the summer ice cover in our area of study in the Glacier National Park has shrunk significantly in the past 10 years.
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Problem Statement

For Glacier National Park, a problem we want to verify is that summer ice covers in the park shrank significantly in the past 10 year from July 1999 to July 2009.

If this team can verify that summer ice covers in the park had significant decline in size from July 1999 to July 2009, it is very likely that in less than 10 years into the future from now, the Glacier National Park’s mountains could lose all the ice covers during each summer.  In other words, it is likely that scientists’ prediction of the park having no glaciers or ice cover by 2020 is close to accurate.

Background
David Taylor

Location

All the band images for July 1999 to July 2009 are in the UTM-12N projection system, which covers North America from 114°W to 108°W on this planet
.  The coordinate of our images for Glacier National Park is 48.9°N/113.6°W, and this is within the UTM-12N zone.
History/Background

Glacier National Park was officially declared a national park in 1910, making Glacier the tenth national park in the United States
. The park is a popular tourist destination with over 700 miles of hiking trails
. Glacier is home to over 260 species of birds
, 62 species of mammals
, 6 species of amphibians
, 4 species of reptiles
, and more species of bugs/insects/spiders/etc than scientists have been able to count
. Most significantly, Glacier is home to one of the largest remaining grizzly bear populations in the continuous 48 states
.

The glaciers that give the park its name were expanded and/or created during the ‘Little Ice Age’ which lasted from approximately 1550 C.E. to 1850 C.E.. After the end of the Little Ice Age the glaciers began to shrink, with the exception of some minor growth during a temporary drop in temperature from 1950 to 1975
. Even with this minor period of growth, the glaciers have clearly been shrinking over the years. Based on historical records such as maps and photographs, there were approximately 150 glaciers in the park during the 1800’s but that number has shrunk massively over the years to only 25 glaciers in 2010
. This decrease is at least partially due to the fact that the local mean temperature has increased by 1.33 degrees Celsius from 1900 to 2010, which is 1.8 times the mean global temperature increase from that time span
. 

The shifts that will occur in the Park due to the glacier shrinkage have the potential to be significant. Most obvious is a potential decrease in tourism. While the hiking trails will not disappear, Glacier National Park will lose some of its appeal if the namesake glaciers disappear. The decreasing size of the glaciers means that the snowpack holds less water and melts sooner causing changes in the agriculture and water supply. Environmental changes have the potential to cause massive shifts in the parks ecosystems as species have a much harder time in areas that were previously habitable. The shift in snowpack melt has the potential to leave the park dryer and hotter making for a much greater risk of major fires that could cause significant harm to people and property in the area.

Methods
Dennis Y. Pan, David Taylor, Charles Cianos
Step 1: Importing images to IDRISI
To verify that summer ice covers in the park shrank significantly in the past 10 year from July 1999 to July 2009, the team used http://glovis.usgs.gov to download 2 groups of Landsat images of the Glacier National Park, one for July 99 and another for July 09.  Later we created a parent directory containing two sibling folders: 1999 and 2009.  Finally, we selected band 1 to 5 images for July 1999 to be placed in 1999 folder, and selected band 1 to 5 images for July 2009 to be placed in 2009 folder.  

The band 1 to 5 images for July 1999 and 2009 were all in “Tiff” format, and we needed to transform them into “.rst” files by importing them into IDRISI.  After importation, this produced a total of 10 .rst files (5 for July 99 and 5 for July 09).  Below is a screenshot of band 3 images for 1999 (left) and 2009 (right), after being imported by IDRISI:
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Step 2: Windowing
However, the 10 .rst images for July 99 and July 09 are too large, with each .rst file exceeding 61MB in size while including too many non-ice cover land features!  It would be time consuming to use IDRISI to process these gigantic files while producing lots of data irrelevant to the project (we mostly want data on ice cover).  To make these images smaller and more useful for the project, for July 1999 we did windowing for band 1 to 5 images, and for July 2009 we did windowing for band 1 to 5 images.  After windowing, we reduced each .rst files for July 99 and July 09 to less than 6MB in size.  Below is a screenshot for band 3 images for 1999 (left) and 2009 (right) after windowing:
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Step 3: Visual Change Analysis

After windowing, the team did visual change analysis for 1999-2009 to determine ice cover changes from July 1999 to July 2009.  To do this, we created a composite image by assigning 1999’s band 3 to “blue color band,” 2009’s band 3 to “green color band,” and 1999’s band 3 to “red color band.”  Below is the resulting composite image we can use to visually analyze ice cover changes from 1999 to 2009:

[image: image6.emf]
To do visual change analysis using the above image, we must determine what the purple areas on the ice cover represent.  For the Glacier Nation Park area of our study in this project, the purple areas in the image can help us to interpret how the summer ice cover changed in the past 10 years from July 1999 to July 2009.
Step 4: Unsupervised Classification
Using IDRISI, the team did unsupervised classifications, one for July 1999 and another for July 2009.  For 1999, we first created a collection using band 1 through band 5, saved the collection file, performed “lsoclust” procedure on the collection, and produced a clustered image for July 1999 after we specified on the dialog box that we want 10 clusters with 6 iterations.  Also for July 2009, we first created a collection using band 1 through band 5, saved the collection file, performed “lsoclust” procedure on the collection, and produce a clustered image for July 2009 after we specified on the dialog box that we want 15 clusters with 6 iterations.  
Note:

The team originally produced the July 2009 cluster image with 10 clusters, but the cluster that contained ice cover got mixed with too many non-ice land features.  Only after the team produced July 2009 cluster image with 15 clusters, the cluster containing ice cover got very little non-ice land features, which can greatly increase accuracy later on as the team tried to quantify changes in summer ice cover from July 1999 to July 2009.
Step 5: Identify/Labeling Each Class, Merging Classes, and Change Class Color Scheme
However, the clustered images for both 1999 and 2009 originally labeled clusters/classes numerically, and the color scheme of the unsupervised classification looked unappealing.  Therefore, for both unsupervised cluster images of 1999 and 2009, the team did the following:

1.) Conducted cluster identifications to associate each class with identifiable land feature, and changed metadata to label each class with land feature names.  To do this on IDRISI, in the case of July 2009, we first placed both the true color composite of 2009 and the 2009 cluster image in a collection, displayed both images from the collection, clicked the “Group Link” button so we could zoom in on any areas for both images simultaneously to help identify each cluster with real world land features, and finally modified 2009 cluster image’s metadata to replace the numerical cluster/class labels with land feature names (forest, snow/ice cover, etc.).
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2.) After labeling each cluster/class with land feature name, we created fewer classes by merging clusters that were similar, for both 1999 cluster image and 2009 cluster image.  
For example in the 2009 cluster image, cluster 10 to 15 were part of barren ground, and we used IDRISI to merge them to the “Barren Ground” cluster to form a single “Barren Ground” class :
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After 
In another example, for the 1999 cluster image, we know ranch or agricultural land and grassland have very similar bands reflection signatures, and so we merged “Grassland” and “Ranch/Agricultural Land” classes to form a single “Grassland/Ranch” class:
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Before (8 classes)
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After (7 classes)
After we finished merging clusters to form fewer classes, we reduced the number of classes from 15 to 7 for the 2009 cluster image, and reduced the number of classes from 8 to 7 for the 1999 cluster image.  This makes life easier when we in the very end have to quantify changes in land feature classes from July 99 to July 09! 

3.) For both the cluster images of 1999 and 2009, after merging clusters to form fewer classes, the team used IDRISI’s “Symbol Workshop” under “Display” to change the class color scheme to something more appealing.  The final classification images for July 1999 (cluster1999july_7classes.rst) and 2009 (cluster2009julynew.rst) are displayed in pages 10 – 11.
Final classification result for July 1999 – cluster1999july_7classes.rst [image: image12.png][E=SECR =
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Final classification result for July 2009 – cluster2009julynew.rst
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Step 6: Quantifying Changes in Summer Ice Cover, from July 1999 to 2009
For the final classification images of July 1999 and July 2009, we want to know the sq. meters in each class, especially the sq. meters of Snow/Ice Cover for both July 1999 and July 2009.  
In IDRISI, for July 1999 classification image:

1.) Go to GIS Analysis/Database Query/Area 

2.) On dialog box, select “Tabular” under “Output format,” and select cluster1999july_7classes.rst as the final classified image of July 1999. 
3.) Under “Calculated Area,” select “Square Meters.”  After clicking “OK,” a table pops up with the sq. meters of each class.

4.) Save the table as .txt file, and import the .txt file to Excel.  

For July 2009 classification image, we did the above 4 steps in IDRISI as we did for July 1999, except in step 2 we select cluster2009julynew.rst, the final classified image of July 2009 we want. 
Below are the resulting sq. meters of each class after importing data to Excel.
	Area : July 1999
	file: E:\GEOG58 final project\small\cluster1999\cluster1999july_7classes.rst

	 


			 


	Category

	Square Meters

	Legend


	 

	 

	 


	1

	2339270100

	Vegetation


	2

	658241100

	Soil


	3

	565646400

	Forest


	4

	756304200

	Barren Ground


	5

	387550800

	Water Body


	6

	318411900

	Snow/Ice Cover


	7

	357535800

	Grassland/Ranch


	 

	 

	 


	Area on Sq. meters for each feature class: July 2009
	file: E:\GEOG58 final project\small\cluster2009\cluster2009julynew.rst

	 


			 


	Category

	Square Meters

	Legend


	 

	 

	 


	1

	2176211700

	Vegetation


	2

	1496330100

	Soil


	3

	526107600

	Forest


	4

	254223000

	Water Body


	5

	627521400

	Barren Ground


	6

	160068600

	Snow/Ice Cover


	7

	142497900

	Grassland/Ranch



	


With sq. meters information for each class including the “Snow/Ice Cover” class for both July 1999 and 2009, we can quantify changes in “Snow/Ice Cover” sq. meters from July 1999 to July 2009.  
Results
David Taylor
Visual Change Analysis Results
We determined that the purple areas represent areas that lost summer ice covers over the past 10 years from July 1999 to July 2009. This observation strongly suggests that that for the Glacier National Park area captured in this image, summer ice covers for July 2009 is much smaller in area than the summer ice covers for July 1999.


[image: image14.emf] 

Quantifying Changes in Glacier National Park Summer Ice cover, from July 1999 to 2009
The table below contains the sq. meters for each class, including sq. meters for the “Snow/Ice Cover” class for both July 1999 and 2009.  We used the table below to quantify changes in “Snow/Ice Cover”  sq. meters from July 1999 to July 2009:

	Area on Area_1999

	file: E:\GEOG58 final project\small\cluster1999\cluster1999july_7classes.rst

	 


			 


	Category

	Square Meters

	Legend


	 

	 

	 


	1

	2339270100

	Vegetation


	2

	658241100

	Soil


	3

	565646400

	Forest


	4

	756304200

	Barren Ground


	5

	387550800

	Water Body


	6

	318411900

	Snow/Ice Cover


	7

	357535800

	Grassland/Ranch


	 

	 

	 


	Area on Sq. meters for each feature class: 2009
	file: E:\GEOG58 final project\small\cluster2009\cluster2009julynew.rst

	 


			 


	Category

	Square Meters

	Legend


	 

	 

	 


	1

	2176211700

	Vegetation


	2

	1496330100

	Soil


	3

	526107600

	Forest


	4

	254223000

	Water Body


	5

	627521400

	Barren Ground


	6

	160068600

	Snow/Ice Cover


	7

	142497900

	Grassland/Ranch



	


For the area of our study in the Glacier National Park, in July 1999 there was a total of 318,411,900 square meters of snow/ice cover, but in July 2009 there was only 160,068,600 square meters.  This is a loss of 158,343,300 square meters over the span of 10 years.  This indicates there was a significant reduction of snow/ice cover in Glacier National Park in the past 10 years from July 1999 to July 2009.

Comparative graph of land feature class in square meters from July 1999 to July 2009. Areas of greatest changes are:  drops in snow/ice cover, dramatic increase in soil cove, and drop in grassland/ranch cover.
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From 1999 to 2009, in the area of our study in the Glacier National park, snow/ice cover decreased by almost 50%.  Also, grassland/ranch decreased by 60% while the soil cover increased by more than 100%.  Vegetation at the area of our study is on the decline in the past 10 years.
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Technical Problems
Due to the somewhat poor resolution of the images, we had some trouble classifying some of the land features.  This was especially true of the water bodies. In the case of the water body class, the cluster images for both 1999 and 2009 may have included some areas of land that were not lakes or rivers. This could potentially cause some imprecision in the areas of each type of land cover. However, we believe that it is not enough to negate the overall results, especially in regards to changes in snow/ice cover.
Conclusion
Charles Cianos
Within our project we were interested in testing our hypothesis that summer ice cover was shrinking significantly within Glacier National Park from July 1999 to July 2009.  We compared two images spaced by a 10 year gap and found significant changes within this period, and the summer ice cover decreased by 50% from July 1999 to July 2009.  If the changes continue at the present rate, then we can project a loss of 15,834,330 square meters every year.  According to this projection, this would reduce the summer ice cover completely in as little as over 10 years.  This difference is statistically significant and though we are unable to directly correlate this change with global warming, we feel that there are clear patterns of change in the environment that will undoubtedly alter the long term ecological system of Glacier National Park.   

The reduction in ice cover has created an altered environment in which there is an increase of barren ground and loss of forest over the past 10 years. Though we can’t draw clear lines of influence between the various classes and the environmental variables they are bound up with, it is likely that ice cover shrinkage is connected to the other changes we see. This will surely present a challenge to flora and fauna populations and their conservation.  We may particularly draw concern towards the local grizzly population which is estimated to be one of the most populous within the U.S. 

With regards to the maps there are several changes that we would suggest for future follow-up studies of the area.  The July 1999 image has partial cloud cover, which is problematic with regards to identifying snow/ice cover on the image.  The band signatures of snow, ice and clouds can have similar reflectance, which can cause misidentification when doing unsupervised classification with IDRISI. Future studies of the area would benefit significantly from cloud-free imagery.  

This project could be used in several ways. One major use would be in support of a larger study that would include a longer time frame for observing change, perhaps 20 years. Within this future study we may also suggest 5 year gaps intervals for each image. As this would include more than two images it would potentially create more precision in the analysis of the rate of change as well as general classification. From a local geographical perspective this project can be used to educate urban planners, conservation groups and environmental researchers so that proper preparations can be made for local changes that will result from glacial shrinkage. In a global context researchers can use this project as another point of study and reference. As a reference point this project can be compared with other areas of the world that have similar or different environmental changes occurring. 


Environmental changes are certainly occurring in the area we observed. Though the exact factors can’t be identified, there are several possibilities.  Global warming is perhaps one of the factors but is not necessarily the only one, nor is it clear that it is involved at all. Glacier National Park is thought to be largely the result of the ‘Little Ice Age’. This period lasted only 300 years from 1550 C.E. to 1850 C.E., which in geological terms a relatively short time period. The recent decline in ice cover is perhaps the result of this 300 year cooling period coming to an end with a reverse to a warmer climate. Regardless of the reasons involved in the dramatic changes observed, the data definitively calls for more detailed study. This study will not only need to account for the environmental impact but the social, economic and political results of a change in the local ecology. Such trends may call for significant changes to water delivery and maintenance, agricultural production, fire and general disaster planning, business viability and other sectors.
July 1999





July 2009
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