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ABSTRACT
In recent years retreating glaciers have become synonymous with the onset of global warming, attracting
interest from public and scientific communities alike. This paper presents an assessment of glacier front
variation in relation to temperature and precipitation records between 1934 and 2014 for three glaciers –
Mer de Glace, Glacier d’Argentière and Glacier des Bossons – in the Chamonix Valley region of the French
Alps. Results suggest (i) annual temperature increased by 2°C in the Chamonix Valley between 1934 and
2014 when all three glaciers retreated, yet no significant trend in precipitation occurred during this period;
(ii) all three glaciers demonstrate a medium to strong negative statistical correlation between average
temperature and glacier front variations between 1934 and 2014; and (iii) in recent years (1984-2014) both
temperature and glacial retreat have increased at unprecedented rates. In addition, results suggest that a
further temperature increase of 1°C in the future will drive approximately 200.2 m and 307.1 m of additional
retreat for the Mer de Glace and Glacier des Bossons, respectively. In the next 50-100 years the smaller
glaciers in the Chamonix Valley are at risk of disappearing completely, with the larger glaciers expected to
retreat far up their valleys to very high altitudes.
Keywords Glacial retreat, Chamonix Valley (French Alps), Climate change, Global warming

1.0 INTRODUCTION
Significant glacial retreat has occurred since the
mid-19th century, corresponding to global trends
in temperature (IPCC, 2007). Alpine mountain
glaciers are good indicators of climatic variability
over decadal to centennial timescales and are thus
crucial for better understanding climate history
(Zumbühl et al., 2008). Alpine glaciers have lost
~50% of their total surface area since 1850, and if

retreat is to continue, according to current trends,
they will soon be smaller than at any recorded
point in history (Zemp et al., 2006).
The growth and decay of glaciers is controlled by
a combination of external climate forcing and
internal variability of the local climate and
weather system (Wanner et al., 2008). Glaciers,
therefore, are extremely sensitive to climatic
change (Wanner et al., 2008). It is suggested that
1
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glacier mass balance (the difference between
accumulation and ablation rates) is a direct
reflection of climatic variation (Oerlemans and
Reichert, 2000). However, glacial front variation
(variation in the ‘position’ of the front of the
glacier) is, by comparison, easier to measure
despite being described as an indirect, filtered and
delayed
signal
of climate
information
(Nussbaumer and Zumbühl, 2012). Glacier mass
balance and glacier front variation are affected
mostly by two variables: 1) summer temperatures,
and 2) winter precipitation. Therefore, measuring
these two variables is essential in assessing glacial
advance/retreat (Steiner et al., 2008).
The aim of this project is to determine whether
there is a correlation between changing climatic
variables (temperature and precipitation) and
glacial advance/retreat of three glaciers in the
Chamonix Valley in the French Alps – Mer de
Glace, Glacier d’Argentière and Glacier des
Bossons – between 1934 and 2014.
In the French Alps, mass balance data is sporadic
and discontinuous, yet extensive primary records
for front variation are available since the early 20th

century. In this project data relating to glacier
front variation (acquired through the World
Glacier Monitoring Service: WGMS) is compared
to regional temperature and precipitation data
provided by METEO France. Analysing historical
records of glacial advance/retreat in this way
allows better assessment of current glacial
changes and will help predict the future of icemasses in a warming climate.
2.0 STUDY AREA
All glaciers in the Chamonix Valley region of the
French Alps begin in the Mont Blanc massif, a
350 km2 mountainous area with 40% glacial
coverage (Deline, 2009). The Mer de Glace,
Glacier d’Argentière and Glacier des Bossons
flow into the Chamonix Valley from the Mont
Blanc massif’s southern edge and as such all are
approximately northwesterly in aspect (Fig. 1). At
its highest point the massif is 4808 m a.s.l. (above
sea level), with several other fractured granite
peaks reaching >3000 m a.s.l. (Deline, 2009).
The climate of the Chamonix Valley is ‘cold and
temperate’ and is classified as a ‘humid

2

Fig. 1. The Chamonix Valley. Chamonix town urbanisation and local glaciers are outlined in red (Google, 2015).
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continental climate’ according to the Köppen and
Geiger climate classification system (ClimateData, 2012). Annual mean temperature in the
Chamonix Valley was 7.3°C between 1982 and
2012. The warmest month of the year is July with
an average temperature of 16.2°C and the coldest
month is January with an average temperature of 2.1°C (Climate-Data, 2012). Average annual
rainfall between 1982 and 2012 was 105 mm per
year, with rainfall occurring all year round
(Climate-Data, 2012). The driest month is April
and the wettest month is June, with monthly
rainfall varying between 76 mm and 97 mm
(Climate-Data, 2012).
Table 1. Latitudes of the Mer de Glace, Glacier
d’Argentière and Glacier des Bossons (WGMS).
Glacier
Mer de Glace
Glacier d’Argentière
Glacier des Bossons

Latitude (°E)
6.9280
6.8631
6.9948

3.0 METHODS
Large datasets for glacial and climatic change in
the Chamonix Valley were acquired through two
organisations: 1) the World Glacier Monitoring

Service (WGMS), and 2) METEO France. Glacier
front variation is measured from a fixed position
by observing glacier terminus change periodically
in relation to neighbouring bedrock. Front
variation has been measured by the WGMS for
the Mer de Glace, Glacier d’Argentière and
Glacier des Bossons annually since the mid1930s.
3.1 Temperature data
Data from eight weather stations in the Chamonix
Valley were available to use for this investigation,
but the station located in central Chamonix
offered the best temperature and precipitation data
between 1934 and 2014 (Fig. 2). Preliminary
analysis of data from all eight weather stations
was carried out, including calculating yearly
average temperatures (Fig. 3). The temperature
data from all weather stations follow a similar
trend with variations attributable to differences in
local topography (Gobiet et al., 2014). Yearly
average temperature data was statistically tested
using Pearson’s correlation analysis, the results of
which suggest that there are similarly strong
positive relationships between all eight weather
station’s
temperature
readings

Fig. 2. Eight weather stati ons in the Chamonix Valley. Altitude in metres above sea level (masl) is shown in brackets
(Google, 2015; METEO France).
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Table 2. Altitude, latitude, longitude and data ranges for eight weather stations in the study area (METEO France).
We ather station

Altitude (masl)

Latitude

Longitude

Usable data range (yrs)

Chamonix

1042

45.929

6.877

1934-2014

Mont Arbois

1833

45.855

6.669

1993-2014

Aguille du Midi

3845

45.878

6.887

2001-2012 (with gaps)

Le T our

1500

46.003

6.948

-

Aiguilles Rouges

2365

45.986

6.896

1996-2014 (with gaps)

Contamines MJ

1180

45.822

6.728

1958-2014

Les Houches

1008

45.894

6.801

1992-2014

Servoz

815

45.931

6.767

1993-2014

(Table 3). These results justify the use of the
Chamonix weather station as the source of
temperature data for this project. Using data from
one representative weather station, rather than
averaging all data from all eight stations, is better
because (i) there is a lack of data between 1934
and 1959 and an abundance of data between 1991

and 2014, which may have introduced bias into
the investigation (Rolland, 2002), and (ii) it
eliminates
inaccuracy
through
averaging
temperatures from a wide range of altitudes (Stott,
2013).

Fig. 3. Yearl y average temperature from seven of the eight weather stati ons in the Chamonix valley used in this
investigation. Changes in the height of the col oured plots is attri butable to differences in alti tude, though they all
appear to follow a similar trend (see Table 3) (METEO France).
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Fig. 4. Front vari ati on of the Mer de Gl ace, Gl acier d’Argentière and Glacier des Bossons in the Chamonix Valley
between 1932 and 2014 (WGMS).

3.2 Data manipulation
To better manage, and graphically represent, the
temperature and precipitation data it was first
grouped into four variables: (i) yearly average
precipitation; (ii) yearly average temperature; (iii)
May-August average temperature; and (iv)
Positive Degree Day Sum (PDDS). Data was
converted from daily to yearly formats (Wildi,
2013; Ravanel et al., 2013). Yearly average
precipitation and yearly average temperature data
between 1934 and 2014 were determined by
calculating the mean daily precipitation and mean
daily temperature each year using Microsoft
Excel’s “AVERAGEIFS” function, totalling the
resultant values for a whole year (365 days) and
dividing by the number of days in that year
(Walkenbach, 2013). Similarly, May-August
average temperature data between 1934 and 2014
were determined by calculating the mean daily
average temperatures from the months May to
August each year, totalling the values and
dividing by the number of days between May and
August. PDDS data is defined as the sum of daily
mean temperatures above 0°C in a given time
period and is often used in glacial melt modelling
(Davies, 2014).

It can be thought of as a measure of total energy
available for melting ice and snow over a given
time, in this case a calendar year (Davies, 2014).
In PDDS data collection it is assumed that snow
or ice melt below 0°C is minimal, therefore only
positive temperatures are included.
Table 3. Pearson's correlati on analysis between
Chamonix’s weather station yearly average temperature
data and the other seven weather station's yearly
average temperature data. All tests are vali d as all PValues fall within the acceptable range (<0.050). The
strongest correlation is at Les Houches and the weakest
correlati on is at Aguille du Mi di - though correlati ons
are strong enough at all sites to justify the use of the
Chamonix weather station’s data as representati ve of the
study region (METEO France).

Mont Arbois

Pearson’s
correlation with
Chamonix data
0.814

Aguille du Midi

0.729

0.040

Le T our

-

-

Aiguilles Rouges

0.715

0.001

Contamines MJ

0.877

<0.0005

Les Houches

0.924

<0.0005

Servoz

0.872

<0.0005

Weather station

P -Value
<0.0005
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3.3 Statistical analysis
Pearson’s correlation statistical tests were used in
this investigation to ascertain whether glacier
retreat rates and climate changes (temperature and
precipitation) were related between 1934 and
2014. Subsequently, through preliminary analyses
of the data it was noted that between 1984 and
2014 there was a notable increase in both glacial
retreat and temperature. Therefore, simple linear
regression tests were used to investigate further
the link between glacial retreat and temperature
during this 30-year period. A projected figure for
total retreat, with a future 1°C temperature rise,
was then calculated for all three glaciers using the
trends observed from these analyses.
4.0 RESULTS
4.1 Has front variation for the six glaciers
changed between 1934 and 2014?
Figure 4 and Table 4 show that the Mer de Glace,
Glacier d’Argentière and Glacier des Bossons
retreated between 1934 and 2014. The Mer de
Glace retreated 100 m between 1932 and 1938,
where it remained for the next seven years. Rapid
re-advancement occurred in the winter of 1945,
with the Mer de Glace returning to its 1932
position. The next 21 years was marked by a
steady 300 m retreat before a further 100 m of
rapid retreat between 1966 and 1969. A gradual
150 m re-advance occurred between 1969 and
1990. From 1990 onwards the Mer de Glace
exhibited a strong exponential retreat trend, with
over 600 m retreat during this period, broken only
in the mid-2000s where retreat halted for three
years (Fig. 4).
Table 4. Front variation data for the Mer de Gl ace,
Gl acier d’Argentière, and Glacier des B ossons between
1934 and 2014 (WGMS).
Glacier
Mer de Glace
Glacier
d’Argentière
Glacier des
Bossons

Maximum
re treat (m)

Current
retreat (m)

Average yearly
retreat (m)

913

913

11.6

878.5

979.5

11.6

1209.5

1209.5

15.5

The Glacier d’Argentière exhibited a more
consistent trend of retreat. A gradual 100 m retreat
occurred between 1934 and 1946, with a slight readvancement occurring between 1946 and 1949.

The next 12 years saw a steady retreat of 400 m.
The between 1962 and 1980 there was a period of
regionally uncharacteristic stability for the Glacier
d’Argentière before a gradual 250 m readvancement between 1980 and 1990. From 1990
to 2014 the Glacier d’Argentière retreated
consistently for 550 m.
The Glacier des Bossons stayed stable between
1934 and 1944 before a rapid retreat of over 600
m between 1945 and 1953. Re-advance occurred
over the next 30 years with significant advances
seen between 1953 and 1956, and between 1970
and 1973. From 1984 to 1995 the glacier retreated
a further 600 m in a second significant retreat
period. Glacier des Bossons then remained
relatively stable for 10 years before a third major
retreat phase, lasting from 2005 to 2014, resulting
in 500 m of further retreat. During these last 10
years retreat appears to have been exponential,
with retreat rapidly accelerating towards 2014.
This suggests that a linear relationship between
temperature and glacier front variation is unlikely.
It is possible instead, that positive feedback
mechanisms (such as lubrication of the base
through subglacial melting, proglacial lakes and
reduced albedo) caused accelerated retreat.

Fig. 5. Yearly average temperature and May-August
average temperature i n the Chamonix Valley between
1934 and 2014, with 10-year moving average trendlines
(METEO France).

In summary, the Glacier des Bossons has retreated
the most, by a total of 1209.5 m since 1934, with
an average yearly retreat of 15.5 m (Table 4). For
all three glaciers major retreat events occur
synchronously in the 1950s and then again from
1990 onwards. However, between the early 1960s
and late 1980s there is a general trend of readvancement observed across all three glaciers
(though each glacier has its own deviation from
6
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these general trends). Altitude is likely to play a
part in the retreat/advance behaviour of the three
glaciers in response to increasing temperatures,
with glaciers at lower altitudes (where
temperatures are higher) experiencing greater
retreat. It is of no surprise therefore, that the
Glacier des Bossons, which is the lowest in
altitude out of the three glaciers, experiences the
most pronounced glacier front retreat.

10-year moving average ranges between
approximately 3.2 mm and 3.7 mm precipitation.
Slightly wetter periods occur between 1950 and
1965 and between 1984 and 2004, while a
relatively dry period occurs in the mid-1970s (Fig.
7).

4.2 Has temperature changed in the Chamonix
Valley between 1934 and 2014?
Temperature increased by 2°C between 1934 and
2014 (Fig. 5). Much of this increase has occurred
since the mid-1980s, which marks a change from
the oscillating but relatively stable climate of the
previous 50 years, to a steady warming trend (Fig.
5). A 1°C spike in temperature is observed in the
mid-1950s, which coincides with rapid glacial
retreat on the Glacier des Bossons.

Fig. 7. Dail y average preci pitation in the Chamonix
Valley between 1934 and 2014, with a 10-year movi ng
average (METEO France).

4.4 Is there a link between temperature and
glacial change?
To determine whether a link exists between
glacial advance/retreat and temperature, a series of
Pearson’s correlation tests were used (Table 5).
Table 5. Pearson’s correlation tests for temperature
vari ables for the Mer de Gl ace, Gl acier d’Argentière,
and Glacier des Bossons between 1934 and 2014.
Fig. 6. Yearly Positi ve Degree Day Sum (PDDS) in the
Chamonix Valley between 1934 and 2014, wi th a 10-year
moving average (METEO France).

When yearly average temperature is compared to
May-August average temperature the periods of
warming appear more pronounced, suggesting that
summer heatwaves may have had a significant
effect on annual temperature (Figs. 5 and 6).

Glacier
Mer de glace

Glacier
d’Argentière

4.3 Has precipitation changed in the Chamonix
Valley between 1934 and 2014?
Daily average precipitation varies chaotically
between 1934 and 2014, appearing not to follow
any specific increasing or decreasing trend. This is
not an unusual finding - a previous study into
heavy precipitation in the Alps suggests that
precipitation records from this region are often
stochastic or yield trends that are statistically nonsignificant (Frei and Schär, 2000). However, the

Glacier des
Bossons

Temperature
variable
Yearly average
temperature
May-August
average
temperature
Yearly positive
degree day sum
Average of three
variables
Yearly average
temperature
May-August
average
temperature
Yearly positive
degree day sum
Average of three
variables
Yearly average
temperature
May-August
average
temperature
Yearly positive
degree day sum
Average of three
variables

Pearson's
Correlation

P-Value

-0.626

<0.0005

-0.638

<0.0005

-0.664

<0.0005

-0.643

<0.0005

-0.457

0.001

-0.477

<0.0005

-0.500

<0.0005

-0.478

0.001

-0.683

<0.0005

-0.626

<0.0005

-0.726

<0.0005

-0.678

<0.0005
7
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“Temperature” for this test includes three
temperature variables: 1) yearly average
temperature; 2) May-August average temperature;
and 3) yearly Positive Degree Day Sum (PDDS).
Since each glacier is distinct in size, altitude and
location it was considered unsuitable to calculate a
‘cumulative front variation’ variable and as such
the Pearson’s correlation test was repeated for
each individual glacier. For all three glaciers Mer de Glace, Glacier d’Argentière and Glacier
des Bossons - the Pearson’s correlation tests were
statistically significant. Correlations were stronger
using PDDS as a temperature variable for all three
glaciers, suggesting that PDDS is the most
suitable variable for representing front variation
change and that summer temperatures (which
PDDS measurements are biased towards) are most
indicative of glacier front variation change.
4.5 Further investigation into the relationship
between temperature and glacier front
variation between 1984 and 2014
Between 1984 and 2014 data shows a distinct
warming trend and a strong relationship between
temperature and glacier front variation (Table 6).
Table 6. Pearson’s correlation tests for temperature
vari ables for the Mer de Gl ace, Gl acier d’Argentière,
and Glacier des Bossons between 1984 and 2014.
Glacier
Mer de Glace

Glacier
d’Argentière

Glacier des
Bossons

Te mpe rature
variable
Yearly average
temperature
May-August
average
temperature
Yearly Positive
Degree Day Sum
Ave rage of all
thre e variables
Yearly average
temperature
May-August
average
temperature
Yearly Positive
Degree Day Sum
Ave rage of all
thre e variables
Yearly average
temperature
May-August
average
temperature
Yearly Positive
Degree Day Sum
Ave rage of all
thre e variables

Pearson's correlation

P-value

-0.694

<0.0005

0.697

<0.0005

-0.818

<0.0005

-0.736

<0.0005

-0.504

0.009

-0.521

0.006

-0.632

0.001

-0.552

0.016

-0.760

<0.0005

-0.681

<0.0005

-0.830

<0.0005

-0.757

<0.0005

Analysis of this trend was carried out using
another series of Pearson’s correlations. All tests
are statistically significant at the 95% confidence
level as they all return P-Values <0.05, and an
increase in average correlation strength of 0.093,
0.074, and 0.079 for the Mer de Glace, Glacier
d’Argentière and
Glacier des
Bossons,
respectively (Table 6).

Fig. 8. Fitted line plot of simple linear regression analysis
for the Mer de Gl ace front variation versus yearly
average temperature.

Simple linear regression was then carried out to
quantify how much retreat would result from a
1°C rise in yearly average temperature based upon
this recent warming trend (Figs. 8-10 and Tables
7-9).

Fig. 9. Fi tted line pl ot for simple linear regression
analysis for the Glacier d’Argentière front variati on
versus yearly average temperature.

Goodness-of-fit and R-Sq values are sufficient for
the Mer de Glace and Glacier des Bossons tests.
In contrast, for the Glacier d’Argentière variation
around the regression line on the fitted line plot is
too extreme for the regression model to be
accurate.
8
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4.6 Is there a link between precipitation and
glacial change?

Fig. 10. Fitted line pl ot for simple linear regression
analysis for the Gl acier des Bossons front variati on
versus yearly average temperature.

This is confirmed by analysis of the P-values for
the three tests, which show that only results for
the Mer de Glace and Glacier des Bossons are
statistically significant. Therefore, we can say
(with reasonable confidence) that a yearly average
temperature increase of 1°C will result in glacial
retreat of 200.2 m on the Mer de Glace glacier and
307.1 m on the Glacier des Bossons.

The precipitation data is shown in Figure 7. The
results of the correlation tests are shown below
(Table 10). Since all the P-Values are outside the
acceptable range of <0.05, with most being well
outside of the acceptable range, none of the tests
returned statistically significant correlations
(Table 10). Even if the P-values are ignored, there
is still little to no correlation between precipitation
and glacier front variation, yet precipitation is
observed on all glaciers. In order to seriously
consider precipitation as a suitable variable to
compare with glacial change, it is a necessary to
establish the precipitation source (e.g. rain, snow,
windblown etc.). This in conjunction with
differences in altitude between the glaciers in this
investigation makes a proxy for precipitation very
difficult to establish, and as such statistically
meaningful precipitation analysis has not been
possible in this investigation.
Table 10. Pearson’s correlation tests for daily
preci pitation for the Mer de Gl ace, Gl acier d’Argentière,
and Glacier des Bossons between 1984 and 2014.

Table 7. Linear regression analysis for the Mer de Glace
front variati on versus yearly average temperature
(YAT).

Term
Constant
YAT

Coef
981
-200.2

SE
Coef

TValue

320
43.3

3.06
-4.62

PValue
0.006
<0.0005

VIF
1.00

Table 8. Linear regression analysis for the Gl acier
d’Argentière front vari ati on versus yearly average
temperature (YAT).

Term
Constant
YAT

Coef
649
-153.3

SE
Coef

TValue

PValue

VIF

391
53.6

1.66
-2.86

0.110
0.009

1

Table 9. Linear regression analysis for the Gl acier des
Bossons front variati on versus yearly average
temperature (YAT).

Term
Constant
YAT

Coef

SE
Coef

TValue

PValue

VIF

1653
-307.1

373
50.5

4.43
-6.08

<0.0005
<0.0005

1

Glacier
Mer de Glace
Glacier
d’Argentière
Glacier des
Bossons

Pearson's correlation
versus daily
precipitation

P-Value

0.030

0.832

-0.029

0.840

-0.041

0.760

5.0 DISCUSSION
Statistical analysis has revealed at the 95%
confidence level there is a significant negative
relationship between front variation and
temperature in the Chamonix Valley between
1934 and 2014. Medium-to-strong negative
correlations are observed, with the strongest
correlation for the Glacier des Bossons (-0.678)
and the weakest correlation for the Glacier
d’Argentière (-0.478) (Table 5). Yearly PDDS is
strongly correlated with front variation across all
three glaciers. This is expected, as PDDS only
considers days with temperature >0°C and
therefore only counts days where ablation occurs.
Results also suggest that the smaller Glacier des
Bossons reacts more to yearly average
temperatures than May-August temperatures,
9
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whereas for the larger Mer de Glace and Glacier
d’Argentière, the opposite is true. This interaction
between yearly averages versus summer averages
is interesting and can be explained in a few ways.
It is expected that summer temperatures will have
a larger effect on ablation than winter
temperatures, as longer days generally lead to
more sunshine hours and therefore more ablation.
One possible reason that the Glacier des Bossons
does not follow this logic is that it has the most
northerly aspect of the three glaciers, meaning
fewer sunlight hours. This suggests observable
front variation on the Glacier des Bossons may be
partly explained by factors other than temperature,
such as precipitation-based ice replenishment and
greater retention of ice mass through colder winter
temperatures. It is possible that multivariate
analysis could reveal that aspect and gradient play
an important role in glacier change, which would
be an interesting opportunity for further study.
No relationship was found between precipitation
and glacier front variation in the Chamonix
Valley, due to lack of significant positive or
negative trends in the data (Fig. 7). There are
several possible explanations for this. Firstly,
Oerlemans (2005) suggests that precipitation is
overshadowed by temperature as a driver for
glacial advance/retreat for temperate glaciers. A
temperature increase of 1°C would be equivalent
to a 25% drop in winter precipitation for glaciers
in mid- latitudes (Oerlemans, 2005). Similarly, a
1°C rise in summer temperatures would create the
same effects as a year in which no snow
accumulation takes place (Oerlemans, 2005). This
suggests that for precipitation to be the main
driver behind glacier front variation during the
study period a 50% drop in winter precipitation
would have to be observed alongside several years
of no snow accumulation. Secondly, precipitation
is likely to have a bigger impact on higher altitude
glaciers than lower altitude glaciers as lower
temperatures increase the likelihood of wintertime
accumulation above the grounding line.
6.0 CONCLUSIONS


In the Chamonix Valley temperature has
increased, having risen by 2°C between
1934 and 2014, while annual precipitation
has varied stochastically during this time.
The Mer de Glace, Glacier d’Argentière











and Glacier des Bossons have retreated
over the same period, though at differing
rates.
There is a medium- to-strong negative
statistical correlation between front
variation and temperature for all three
glaciers studied.
There is no correlation between front
variation and precipitation for any of the
glaciers, suggesting that at lower altitudes
and
mid-latitudes
temperature
overshadows precipitation as a driver for
glacial advance/retreat in the region.
Of the three temperature variables, yearly
PDDS was found to be most representative
of front variation change, followed by
May-August average temperature for the
larger of the three glaciers (Mer de Glace
and Glacier d’Argentière) and yearly
average temperature for the smallest
glacier (Glacier des Bossons).
Between 1984 and 2014 both glacial
retreat rates and temperature increased
dramatically, and correlations between
temperature and front variation change are
statistically stronger in the period 19842014 compared with the period 19342014.
Regression analysis of temperature and
front variation shows that a future 1°C
temperature rise will incur 200.2 m of
retreat for the Mer de Glace, 151.3m of
retreat for Glacier d’Argentière and
307.1m of retreat for the Glacier des
Bossons.
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