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ABSTRACT  

In this study, we examine the recessions of the Pasterze Glacier in Austria from 1972 to present 

using satellite imagery.  Loss of glacial ice is compared with the average minimum and maximum 

air temperature increases recorded by nearby weather stations. Results show that the glacier does 

not necessarily respond to temperature changes after one year or even 5 years.  It takes up to 10 

years for the glacier to show a response to temperature.  Both the maximum and minimum 

summertime temperature changes are a major influence on the amount of recession the glacier 

experiences.  The loss of glacier volume is of great concern because a reduction of meltwater is 

expected as the glacier shrinks.  Meltwater is an important water resource in many mountainous 

areas. Many glaciers in the European Alps and in most mountain ranges in the Northern 

Hemisphere are losing mass as summer  temperatures increase and the ablation period starts earlier 

in the spring and extends later into fall.  
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BACKGROUND AND INTRODUCTION  

Glaciers in the European Alps have been losing volume and receding for over 150 years 

(Haeberli et al., 2000).  This study examines the recession of the Pasterze Glacier, located in the 

Hohe Tauern Range, which is part of the Eastern Alps in Western Austria (Figure 1).  The glacier 

sits adjacent to the highest peak in the range, the Grossglockner (3798 m), which contributes ice 

and morainic material to the glacier.  The Pasterze is the largest glacier in the Eastern Alps with an 

approximate length of 8 km.  Recordings of the glacier’s length and recession have been kept 

since the early 1850s and for most years since then.  The glacier has receded nearly every year 

since measurements began.  From 1880-2012 the glacier retreated over 1.5 km. 
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Figure 1. Location of Pasterze Glacier in Austria.  

 

METHODOLOGY 

The following images are used in this study: 

 Landsat 1 Multispectral Scanner (MSS) image from 11 August 1972; 

 Landsat 4 Thematic Mapper  (TM) image from 04 August 1992; 

 22 August 2011 Ikonos image; and, 

 Landsat 8 Operational Land Imager (OLI) image from 04 September 2013.  

These images were chosen because they span more than 40 years, enabling us to measure 

decade-scale changes in glacier volume and extent.  Year 2011 Ikonos scenes (4-meter resolution), 

are the background for Figures 2 and 3. Temperature data for the region is provided by 

Zentralanstalt für Meteorologie and Geodynamik from two nearby weather stations: Rudolfshütte 

(2304 m) and Sonnblick (3109 m). The Rudolfshütte station provided data from 1980 -2013 while 

the Sonnblick station provided data from 1964-2013 (Zentralanstalt 2013). Minimum and 

maximum monthly temperatures and absolute minimum and maximum monthly temperatures 

were obtained from each station.  Recession data from 1964-2013 was also used and was provided 

by the University of Graz (Aigelsreiter 1965, Lieb 1966) and the Österreichische Alpenverein 

(Festschrift 1972). We collected our own field data as well (Bayr et al. 1994 & 2009).  The image 

processing software IDRISI was used for digitizing the glacier’s extent in different years.  

Statistical testing and Pearson’s R calculations were performed using Microsoft Excel.  Maps of 

the Grossglockner were used to gain information about the UTM system (Deutscher Alpenverein 

1982, 1992 and 2006). 

 



150 

 

 

 

Figure 2. Ikonos image of the Pasterze Glacier, 22 August 2011 (the yellow area indicates the approximate 

extent of the terminus in 1928). 

RESULTS 

Glacial Extent Measurements 

Figure 3 shows the extent of the glacier terminus for 1972, 2011, and 2013.  Landsat-derived 

data from the years 1972 and 2013 were digitized on the respective Landsat images and then 

transferred to the Ikonos 2011 image.  For the 1972 and 2013 images it was difficult to find the 

exact edge of the glacier due to the till that covers and is adjacent to the glacier.  GPS points 

obtained during field work in 2011 were transferred to the scene.  The 2012 line is shown because 

this line most accurately represents the extent of the glacier when compared to the other two years. 

These results show that a greater rate of recession has occurred over the most recent time period as 

compared to earlier time periods (Table 1). 
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Figure 3. Approximate location of glacier terminus by year. 

 

Table 1. Recession of the Pasterze Glacier 

Time period Amount of recession in 

meters 

1972 – 1992 330.6 

1993 – 2013 568.7 

1966 – 2013 982.0* 

*Total average recession 

  

One of the reasons for the greater rate of recession in more recent years is an increase in 

summer temperatures.  A two sample t-test assuming equal variances at a 95 percent confidence 

interval was used to compare the mean minimum monthly temperatures between the time periods.  

The null hypothesis of this test was:  The mean minimum monthly temperatures from 1972-1992 

and 1993-2013 are the same.  The results from this test are shown in Table 2.  Overall, the test 

proved not to be statistically significant because the p-value is greater than 0.05, but it did reveal 

that the temperature increased 0.68 degrees Celsius from the 1972-1992 to the 1993-2013 time 
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period. This shows that temperature is very likely to be a contributing factor to the increased rate 

of recession in recent years. 

Table 2. Two sample t-test comparing mean minimum monthly temperatures 

  1972-1992 1993-2013 

Mean Temperature (C) -7.672619048 -6.985657371 

Observations 252 251 

P(T<=t) two-tail 0.17947069  

Temperature and Recession 

Although the earliest image we could acquire was from 1972, our temperature data goes back to 

1964 at the Sonnblick weather station.  This allowed a comparison of air temperature data with the 

recession data.  Figure 4 shows recession and the mean minimum annual temperature from 

Sonnblick.  The trend of the temperature clearly shows an increase.  Another two sample t-test 

comparing mean minimum monthly temperatures was performed and the result indicated an 

increase of 0.98 degrees Celsius from 1964 to 2013.  This test was found to be statistically 

significant.  Recessions from the same time periods showed that the average recession from 1964-

1988 was around 15 meters per year and the recession from 1989-2013 was approximately 25 

meters per year.  This result was also statistically significant. This shows that the recession on 

average was 10 meters more per year over the latter time period. A greater recession has occurred 

from 1989 to 2013 including the loss of 97 meters in 2011. 

 

          

         Figure 4. Comparison of temperature at the Sonnblick station vs. terminus recession from 1964-2013. 

Analysis using Pearson’s R 

In order to determine how temperature and recession are related, Pearson’s R correlation values 

were calculated.  Pearson’s R measures the linear relationship between two variables on a scale 

from -1 to 1 with -1 showing a strong negative correlation, 0 showing no correlation, and 1 

representing a strong positive correlation.   

First, we calculated the average yearly mean minimum temperature compared to the amount of 

recession in the same years (Table 3).  The test resulted in a value of -0.429, indicating that there 

is a negative correlation between temperature and recession.  This value was not expected to be 

very high because it is assumed that the glacier does not respond to the temperature on an annual 

basis, but perhaps over a longer period of time.  Our next test took five year mean minimum 

yearly averages starting from 1964-1968, 1965-1969, 1966-1970, etc., and compared them to the 

last year’s recession.  For example, the five year average from 1964-1968 was compared to the 
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recession from the year 1968.  Tests for 10-year, 15-year, and 20-year averages were also 

performed.  There are stronger correlations when using multiple year averages, omitting the five 

year average (Table 3).  Overall the strongest correlation was the 10-year average which suggests 

that it may take the Pasterze Glacier up to 10 years to respond to a change in temperature. 

Table 3. Annual mean minimum temperature averages compared to recession 1966-2012 

Number of years averaged Pearson’s R 

1 -0.429 

5 -0.367 

10 -0.490 

15 -0.480 

20 -0.476 

 

Although yearly temperature is one of the indicators that affects the glacier, we wanted to 

narrow it down to a certain time of the year that affects the glacier more significantly.  This time 

period included the months of June, July, August, and September.  Annual summer mean 

minimum averages were calculated as well as other time periods shown in Table 4.  In addition to 

the overall yearly mean minimum average, the summer averages were analyzed using the 

Pearson’s R correlation test.  The correlation for annual summer mean minimum temperature and 

recession was stronger when just the annual average was used.  The strongest correlation was the 

10-year summer average with a Pearson’s R value of -0.621.The summer month averages for 11, 

12 and 20 years were also tested (Table 4).   

Table 4. Annual summer mean minimum temperature averages compared to recession 1966-2012 

Number of years averaged Pearson’s R 

1 -0.443 

5 -0.416 

8 -0.522 

9 -0.606 

10 -0.621 

11 -0.559 

12 -0.551 

20 -0.577 

 

The results from both tests show that the glacier does not necessarily respond to temperature 

changes from one year or even 5 years.  It may take up to 10 years for the glacier to show its 

greatest response to temperature.  Also, both the maximum and minimum summertime 

temperature changes are a major influence on the amount of recession the glacier experiences 

(Table 5). This table reveals that the mean minimum temperature increased by almost one degree 

Celsius between the two time periods with the mean maximum temperature increasing by over one 

degree.  The summers are getting warmer in the vicinity of the glacier and this is contributing to 

the high rate of recession of the glacier terminus. 
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Table 5.  Comparison of summer temperatures 

Above-Freezing Temperatures  

Another facet of temperature that we examined is the total number of months with a mean 

minimum monthly average above freezing.  Figure 5 shows the number of months in each year 

that had an above freezing temperature. Table 5 shows the difference of the two weather stations 

between the halfway point for each of the time periods, 1980-1996 and 1997- 2013 for the 

Rudolfshütte and 1964-1988 and 1989-2013 for the Sonnblick.  Both stations had more months 

with average temperatures above freezing during the later years. The Rudolfshütte recorded more 

months above freezing because it is located 805 meters lower than the Sonnblick.  There were 

only eight more months with above-freezing temperatures during the time periods.  The Sonnblick 

station was then compared for the same time period and showed that there were 15 more months 

of above-freezing temperatures.  The majority of temperatures above freezing for both stations 

occurred during the summer months of June, July, and August. 

 

Figure 5. Number of months with a mean minimum temperature above freezing for Sonnblick (3109m) and 

Rudolfshütte (2304 m) 

Table 5. Total number of months with above freezing mean minimum monthly temperatures 

 1980-1996 1997-2013 1964-1988 1989-2013 

Rudolfshütte 75 83 - - 

Sonnblick 20 35 17 43 

 

 

 

 

Average Summer Temperature (C) 1964-1988 1989-2012 Change 

Mean Minimum -1.53 -0.57 0.96 

Mean Maximum 2.94 4.01 1.07 
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DISCUSSION 

Data for both weather stations recorded an increase of both the minimum and maximum 

monthly temperatures over the study period.  Comparing the minimum monthly temperature data 

for the Rudolfshütte for the 1980-1996 and 1997-2013 time periods, only a 0.2 degrees Celsius 

increase was recorded.  While it does show that the temperature has increased, the data does not 

go back far enough to show a significant change in temperature.  The summer temperature data 

from the Sonnblick weather station between the study periods of 1966-1988 and 1989-2013 

increased by 0.96 degrees Celsius for the minimum average temperature and 1.07 degrees Celsius 

for maximum temperature.  

The recession associated with the temperature increase was documented for the years 1972, 

2011 and 2013 using Landsat images, in situ measurements and data collected by the University of 

Graz (Lieb 1966, Aigelreiter 1965).  While the total average recession from 1966 to 2013 resulted 

in a loss of 982.0 meters from the glacier terminus, the total average recession from 1972 to 2011 

was 703.9 meters. A significant loss of 195.4 meters of the terminus was recorded from 2011 to 

2013. 

 CONCLUSION 

While there are many factors that contribute to the recession of the Pasterze Glacier including 

changes in snowfall, rainfall, and solar insolation, we show that temperature is an important factor.  

The average annual temperature at the Sonnblick weather station has increased almost one degree 

Celsius over nearly a 50-yr period which is indicative of a regional climate warming.  This study 

has also shown that summer temperatures have a much greater impact on the glacier than the 

overall annual average temperature.  Summer minimum and maximum temperatures are increasing 

which most likely will contribute to more recession in the future if the trend of increasing air 

temperature continues. 
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