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Abstract. This paper describes the spreadsheet-based point
energy balance modelESCIMO.spreadwhich simulates the
energy and mass balance as well as melt rates at the snow
surface. The model makes use of hourly recordings of
temperature, precipitation, wind speed, relative humidity,
and incoming global and longwave radiation. The effect
of potential climate change on the seasonal evolution of
the snow cover can be estimated by modifying the time
series of observed temperature and precipitation by means
of adjustable parameters. Model output is graphically
visualized in hourly and daily diagrams. The results compare
well with weekly measured snow water equivalent (SWE).
The model is easily portable and adjustable, and runs
particularly fast: an hourly calculation of a one winter season
is instantaneous on a standard computer.ESICMO.spread
can be obtained from the authors on request.

1 Introduction

The spreadsheet version of the physically based point
snow surface modelESCIMO(Energy balanceSnowCover
IntegratedMOdel) (Strasser et al., 2002) has been developed
as an easy-to-use, portable, and scientific tool for the hourly
simulation of the energy balance, the water equivalent
and melt rates of a snow cover in a commonly available
format. ESCIMO.spreadincludes a 1-D, one-layer process
model which assumes the snow cover to be a single
and homogeneous pack, and which solves the energy and
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mass balance equations for the snow surface by applying
simple parameterizations of the relevant processes. Since
the underlying physics is independent of space and time,
the model represents an adequate tool to be applied for
simulation of climate change effects. This is technically
facilitated by implementation of climate change parameters
for assumed temperature and precipitation trends. The
spreadsheet version of the model presented and discussed
in this paper includes one year of example meteorological
recordings, the complete set of model formulae, both
hourly and daily graphical output, and three quantitative
measures of goodness of fit. This spreadsheet is freely
available on request and can easily be adopted, modified and
applied to other sites where the required input data is also
available. In general,ESCIMO.spreadis comparable with
the spreadsheet-based glacier and snow melt study model
published by Brock and Arnold (2000), which is also freely
available. However, there are several distinctive differences
between the two models: (i)ESCIMO.spreadrequires
much less input data, i.e. hourly recordings of temperature,
precipitation, wind speed, relative humidity, global as well
as longwave radiation (albedo is parameterized), (ii) the
file with test data and the model itself is in simple table
format, does not invoke any Visual Basic macros, and can
hence be applied by many spreadsheet programs on whatever
platform they run (e.g., Microsoft Excel, Apple Numbers,
OpenOffice Calc), (iii) the model is particularly fast and can
easily be modified by simple change of the preset parameters
and formulae in the spreadsheet, new results immediately
being visualized, and, mostly, (iiii)ESCIMO.spreadis
capable of simulating the evolution of a seasonal snow cover
under conditions of climate change by flexible adjustment
of modified temperature and/or precipitation. Due to its
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Fig. 1. The location of the Kuehroint site (1407 m a.s.l.) in Berchtesgaden National Park (Germany).

simplicity the model is specifically suitable for educational
purposes (e.g., lab courses for students), and to be used with
a laptop computer on site in the field. Here, the model can be
utilized for a fast visualization of measured meteorological
parameters, as well as simulated energy balance, snow water
equivalent and snow melt. Thereby, the model can help
to check the measurements for plausability and to explain
differences between simulated and observed snow water
equivalent e.g. due to wind induced transport of snow.
However, compared to the Brock and Arnold (2000) model,
this simplicity limits the detail in the process representation,
particularly of the turbulent fluxes.ESCIMO.spreadmakes
use of common bulk formulations for both the latent and
sensible heat flux, and criteria like stability of the surface
layer or roughness are not considered.

The demonstration test site which is chosen for the model
application in this paper is the automatic weather station
(AWS) at Kuehroint (1407 m a.s.l.) in the high Alpine
area of the Berchtesgaden National Park (Bavarian Alps,
Germany – Fig. 1). The station is part of the infrastructure
maintained by the Bavarian Avalanche Warning Service
(www.lawinenwarndienst-bayern.de) of the State Office for
Environment. Kuehroint is situated at the foot of a gentle
mountain slope (exposed to NE) at 47◦34′ N and 12◦57′ E,
respectively. There, a complete dataset of meteorological
recordings is available for the winter season 2004/2005,
comprising all required hourly meteorological observations.
The data were captured every 10 min and then aggregated
to the hourly values required for the application here.
ESCIMO.spreadcan be obtained from the authors upon
request.
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Table 1. Parameter values and constants used inESCIMO.spread.

Parameter/constant Symbol Value Unit

Soil heat flux B 2.0 W m−2

Minimum albedo amin 0.45
Maximum albedo (amin+aadd) 0.90
Recession factor (T ≥ 273.16 K) k 0.12
Recession factor (T < 273.16 K) k 0.05
Hourly threshold snowfall for albedo reset 0.5×10−3 m
Threshold temperature for precipitation phase detectionTw 275.16 K
Emissivity of snow ε 0.99
Specific heat of snow (at 0◦C) css 2.10×103 J kg−1 K−1

Specific heat of water (at 5◦C) csw 4.20×103 J kg−1 K−1

Melting heat of ice ci 3.337×105 J kg−1

Sublimation/resublimation heat of snow (at –5◦C) ls 2.8355×106 J kg−1

Stefan-Boltzmann constant σ 5.67×10−8 W m−2 K−4

2 Model theory

In ESCIMO.spread, the energy balance of a snow surface is
hourly modelled considering short- and longwave radiation,
sensible and latent heat fluxes, energy conducted by solid or
liquid precipitation as well as sublimation/resublimation and
a constant soil heat flux. First, it is distinguished between
melting condition (air temperature≥ 273.16 K) and no melt
(air temperature< 273.16 K). In the first case, a snow surface
temperature of 273.16 K is assumed and melt can occur, the
amount being determined by means of the energy balance
remainder. If air temperature< 273.16 K, snow surface
temperature is assumed to equal air temperature, and no melt
occurs. Snow accumulation is calculated for each timestep
by (i) increasing the amount of SWE on the land surface by
the amount of solid precipitation for a until now not snow
covered surface or (ii) adding the amount of solid or liquid
precipitation to the existing SWE at the land surface. Please
note that no lateral processes are considered in these mass
balance calculations.

The parameter values and constants used inES-
CIMO.spreadare listed in Table 1.

Generally, the energy balance for a snow pack can be
expressed as:

Q+H +E+M +A+B

= Ql↓+Ql↑+Qs↓+Qs↑ +H +E+M +A+B = 0 (1)

whereQ is the shortwave and longwave radiation balance,
H the sensible heat flux,E the latent heat flux,M the
energy potentially available for melt,A the advective energy
supplied by solid or liquid precipitation, andB the soil heat
flux for the current time step. The shortwave and longwave
radiation balance is calculated by subtracting calculated
outgoing short- (Qs↑) and longwave radiation (Ql↑) from
measured incoming shortwave (Qs↓) and longwave radiation

(Ql↓). As soil heat flux measurements are scarcely available,
a constant heat flux of 2 W m−2 is assumed for the model
calculations withinESCIMO.spread.

All energy flux densities are expressed in W m−2, energy
flux densities directed to the surface are counted as positive,
whereas energy flux densities directed from the surface are
defined as negative.

The amount of shortwave radiation which is absorbed
by the snow surface is determined by the albedo which
depends on many factors (mainly grain size, density and
impurity content) and varies with incidence angle and for
different spectral bands. InESCIMO.spread, snow albedo
a is modelled using the ageing curve approach:

a = amin+aadd·e
−k n (2)

where amin is the minimum albedo of (old) snow,aadd
is an additive albedo (withamin + aadd representing the
maximum snow albedo),n is the number of days since the
last considerable snowfall (i.e. at least 0.5 mm h−1) and k

is a recession factor that is defined as−0.12 for positive
temperatures and−0.05 for negative temperatures in the
current model setup. Each time significant snowfall occurs
the snow albedo is reset to its maximum value. This function
integrates the change of the physical properties of the surface
grain during its ageing.

Longwave emission of the snow coverQl↑ is calculated
with snow emissivityε and the Stefan-Boltzmann-constant
σ :

Ql↑ = σ ·ε ·T 4
s (3)

whereTs is the snow surface temperature.
Since detailed measurements of the snow surface proper-

ties are usually not available at larger than the local scale,
simple empirical descriptions of the turbulent fluxes are
applied which are valid for medium roughness and a wide
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range of wind speeds. In areas where the contribution of
the turbulent fluxes to the energy balance of the snowpack
is small, the induced loss of accuracy is negligible. The
parameterizations for the turbulent fluxes used here are valid
for neutral or stable conditions. Following Kuchment and
Gelfan (1996) the sensible heat fluxH is expressed with
wind speedW in m s−1 as

H = 18.85·(0.18+0.098·W) ·(T −Ts) (4)

and, accordingly, the latent heat fluxE is calculated as

E = 32.82·(0.18+0.098·W) ·(el −es) (5)

whereel is the water vapour partial pressure at measurement
level andes the water vapour saturation pressure at the snow
surface, with both water vapour pressures being calculated
using the Magnus formula and expressed in hPa. The
small mass changesδe in mm generated by sublimation
or resublimation are simulated witht being the duration
between two model time steps (3600 s):

δe =
E · t

ls
(6)

wherels is the sublimation/resublimation heat of snow.
The advective energyA supplied by precipitationP

depends on its phase. If not measured, an adjustable
threshold temperature (Tw) is assumed for the precipitation
phase detection (see Table 1). Then, the energy advected
by P in mm is calculated for rainfall on snow (without
refreezing) with

A = P ·csw·(T −273.16) (7)

wherecsw is the specific heat of water. For snowfall, the
advective energy is computed with

A = P ·css·(T −Ts) (8)

wherecss is the specific heat of snow.
For the case of melting condition (air temperature≥

273.16 K), all fluxes are calculated with an assumed snow
surface temperature of 273.16 K. If energy remains available
for melt, its amount in mm is calculated with

melt=
M · t

ci
(9)

whereci is the melting heat of ice.
ESCIMO has already been implemented in various

versions and applied for numerous geographical positions
and climatic conditions. Geographical scales thereby
ranged from particular sites up to regional catchments
(100 000 km2). Thereby, the derivatives of the model,
implemented in various programming languages, have been
integrated in

– the SVAT schemePROMET(P rocesses ofRadiation,
Mass andEnergyT ransfer) for distributed, physically
based water balance simulations including sophisticated
formulations of the matter and energy fluxes in the soil,
plants and in the atmospheric boundary layer (Mauser
and Bach, 2009; Strasser and Mauser, 2001; Mauser and
Scḧadlich, 1998; Strasser, 1998; Taschner et al., 1998),

– the integrative decision support systemDANUBIA
(www.glowa-danube.de) developed to simulate the
effects of global change on the water balance of the
upper Danube river basin (Prasch et al., 2008b; Mauser
et al., 2007; Mauser, 2003; Ludwig et al., 2003; Mauser
and Ludwig, 2002),

– the hydrological modelPREVAH(Gurtz et al., 2003),
e.g. to compute snow melt rates in a comparative,
distributed application for the Dischma catchment
(Switzerland) (Zappa et al., 2003), and

– the Alpine snow cover modelAMUNDSEN (Alpine
MultiscaleNumericalDistributedSimulation Engine)
which is a physically based, distributed modelling
system to simulate mountain-specific boundary layer
meteorological processes, snow-canopy interaction,
sliding snow, and the energy and mass balance of the
ground snow cover (Strasser, 2008; Strasser et al.,
2008). AMUNDSEN includes a stochastic weather
generator to flexibly produce scenarios of future climate
from historical observations (Strasser and Mauser,
2006).

3 Model application

ESCIMO.spreadcomprises the 5 interlinked data/model
sheets illustrated in Fig. 2. The sheetMeteorological
input includes the station recordings of temperature (K),
precipitation (mm), wind speed (m s−1), relative humidity
(%) as well as global and incoming longwave radiation
(W m−2) in hourly resolution. For the application of the
model at a specific site the user can easily copy and paste
hourly time series of the required meteorological variables
into this section of the spreadsheet.

The observed meteorological time series in the sheet
Meteorological inputare used in the sheetModel calcu-
lations for the calculation of the snow energy and mass
balance processes following Eqs. (1)–(9). The sheetModel
calculations is structured as follows. The first columns
(columns A:E) contain the model time (year, month, day,
hour and date) that is later used for the visualization of
the model output. These columns are followed by the
meteorological model input (columns F:K), i.e. the original
recordings optionally modified by climate change parameters
as described later in this section. The subsequent 6 columns
(columns L:AB) comprise the formulae used for the model
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Fig. 2. Screenshot of theESCIMO.spreadspreadsheet in Apple Numbers.

calculations. The sequence of calculations is organized in
such way, that the results of a given column (C) are used
by the formula in subsequent columns (e.g., column C+1).
Similarly, the state variables calculated in a given row (R) are
providing the basis for the calculations in the subsequent row
(R+1). The content of the first row of the calculations (row 4
in Fig. 2) differs in some columns from all following rows.
This is the case when a state variable needs initialisation. All
formulae in sheetModel calculationscan easily be accessed
and modified by clicking into an arbitrary cell of the table,
modifying the formula, and then copying and pasting it in
all lines of the respective column where the change should
apply.

Adjacent to the model calculations, a column is reserved
for the provision of snow water equivalent observations that
can be used for the validiation of the model results (column
AC).

The model parameters required for the process descrip-
tions (e.g., minimum albedo of snow or the snow emissivity)
are defined in a separate area of the sheetModel calculations
(cells AD4:AD27). These parameters may vary for different
geographic regions and therefore require specific adjustment.
The parameter values listed in the adjacent cells (AE4:AE17)
represent physical constants and must therefore not be
altered.

In order to apply the spreadsheet model for climate
change impact analysis, parameters are provided to define
potential changes in temperature and precipitation for the
hydrological winter (November–April) and summer half-
year (May–October) separately (cells AD29:AD39). In case
of temperature, the defined temperature increase is added
to all hourly temperature recordings resulting in a mean
temperature increase for the season considered. Precipitation
changes are implemented by the definition of a relative
increase or decrease of winter and/or summer precipitation
that is, analogously to changes in temperature, used to
modify the station recordings on a hourly time basis. This
offers the option to increase or decrease total precipitation as
well as to perform a shift of precipitation from one season
to the other (summer to winter or vice versa). Since the
defined climate change parameters are used in sheetModel
calculations to create the respective modified time series
of temperature and precipitation by modifying the original
observations provided inMeteorological input, the user is
supposed to only use the sheetMeteorological inputto paste
in meteorological observations, and not to overwrite the
formulae inModel calculations.

The model output is illustrated in various diagrams with
hourly and daily resolution in two seperate sheets. While
sheetDiagrams (hourly values)directly represents the model

www.geosci-model-dev.net/3/643/2010/ Geosci. Model Dev., 3, 643–652, 2010



648 U. Strasser and T. Marke:ESCIMO.spread– a spreadsheet-based point energy balance model

calculations, the line plots inDiagrams (daily values)are
generated on the basis of daily data (which are aggregates
of the hourly model results); this second sheet scrolls much
faster.

For the evaluation of the model results, and to demonstrate
sensitivity of the models to changes in the parameter
setup, the sheetEfficiency criteriahas been implemented,
performing the calculation of three different efficiency
criteria (coefficient of determination, index of agreement,
and Nash-Sutcliffe model efficiency; Krause et al., 2005).
The values of these criteria are updated automatically by
the spreadsheet engine. These are, however, only then
meaningful if (i) the model is run for a period for which
continuous hourly observed meteorology is available, and
if (ii) a sufficient number of SWE recordings falls into
the respective period (column AC inModel calculations).
The spreadsheet which we promulgate includes simulations
for the winter season 2004/2005 at Kuehroint in the
Berchtesgaden Alps; the set of hourly meteorological station
recordings is illustrated in Fig. 3. As the diagrams exhibit,
erroneous recordings in the courses of temperature and wind
speed exist during mid-february that result in extremely
low values of calculated longwave radiation. These errors
have not been corrected, on purpose, to stimulate a certain
caution in the evaluation of model results, and to foster
the development of a respective correction mechanism
which can adequately be implemented in the spreadsheet
itself. As these errors obviously result in a short-term
understimation of the temperature conditions at the site
considered in the present case and do not coincide with
significant precipitation, their effect on simulated snow water
equivalent is very little.

The results of the exemplary model run are shown in
Fig. 4. For the winter 2004/2005 a continuous snow cover
is simulated at the Kuehroint site from early November until
late May with a peak in snow water equivalent of over
400 mm in the middle of March. Following the process
formulations described in Eqs. (1)–(9) snow melt occurs if
(i) a snow cover is present at the considered time step and
(ii) the surface energy balance is positive indicating that there
is energy available for snow melt. Taking a closer look
at the diagrams exhibits that such conditions apply in the
beginning of December as well as in the middle of March
leading to notable melt. As Fig. 3 further exhibits, both these
melting periods coincide with warm weather periods. The
dependence of snow albedo on snow age as described with
the ageing curve approach (Eq. 2) becomes clearly evident
in Fig. 4: the snow surface albedo decreases with its age,
and it is reset to its maximum value whenever a significant
snowfall occurs. To evaluate the model performance for
winter 2004/2005 the simulated snow water equivalent is
compared to recordings which were taken weekly during
the same period. The comparison reveals that the simulated
snow water equivalent well matches with the samples taken
in the field, although the model slightly underestimates the

peak in observed snow water equivalent on 15 March 2005.
It is however not quite clear, if these differences between
the observations and the simulations are the result of model
insufficiencies, or measurement errors.

4 Model performance

The ESCIMOspreadsheet model provides a simple method
to validate the simulation by means of the three criteria (i)
coefficient of determination, (ii) index of agreement, and (iii)
Nash-Sutcliffe model efficiency. Thereby, the coefficient of
determinationR2 from a linear regression of modeled versus
observed SWE of n time steps is defined as the squared value
of the coefficient of correlation and is given with:

R2
=


n∑

i=1

(
SWEobs

i
−SWEobs

)(
SWEmod

i
−SWEmod

)
√

n∑
i=1

(
SWEobs

i
−SWEobs

)2
·

√
n∑

i=1

(
SWEmod

i
−SWEmod

)2


2

(10)

where SWEiobs is the observed SWE at thei-th location,
SWEi

mod is the modeled SWE at corresponding location,
SWEobs is the mean observed SWE, andn is the number of
time steps which comprise the period of comparison.

The index of agreement IA represents the ratio of the mean
square error and the potential error. It is calculated following
(Willmot, 1984) as:

IA = 1−

n∑
i=1

(
SWEobs

i
−SWEi

mod

)2

n∑
i=1

(∣∣SWEmod
i
−SWEobs

∣∣+ ∣∣SWEobs
i
−SWEobs

∣∣)2
(11)

Finally, Nash-Sutcliffe model efficiency (NSME), defined
as one minus the sum of the absolute squared differences
between the predicted and observed values, normalized by
the variance of the observed values, is computed with (Nash
and Sutcliffe, 1970):

NSME= 1−

n∑
i=1

(
SWEobs

i
−SWEi

mod

)2

n∑
i=1

(
SWEobs

i
−SWEobs

)2
(12)

The application of three different efficiency criteria allows
two analyze their different sensitivity to changes in the
meteorological input in the framework of student courses
and stimulates the discussion of their individual significance.
A big drawback of the coefficient of determination for
example is, that this efficiency criterion does merely consider
the covariance of simulations and observations, but not
the differences between simulations and observations. As
evident from Eqs. (11) and (12), the two criteria of the
IA and the NSME do consider these deviations from the
observations and therefore represent valuable supplementary
efficiency criteria to be included in the model validation.
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Fig. 3. Hourly meteorological observations from Kuehroint AWS (1407 m a.s.l.) used for the simulations withESCIMO.spread. The
diagrams show the uncorrected meteorological recordings.
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Fig 4. Results of the ESCIMO.spread model run for the example data. 3 

Fig. 4. Results of theESCIMO.spreadmodel run for the example data.
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For a more detailed description of the statistical features
related to the implemented efficiency criteria the reader is
refered to Krause et al. (2005).

In the case of the exemplary model run presented in
this paper, all three criteria (R2

= 0.97, IA = 0.97 and
NSME = 0.90) show thatESCIMO is capable to simulate
the observed snow water equivalent at our site with good
accuracy. However, for the meteorological input data
provided here, such quantitative validation is virtually
tentative due to the errors consciously left for individual
correction. Nonetheless, modelled SWE as compared with
snow pit recordings shows a good agreement with the weekly
pit recordings of SWE which have been conducted (Fig. 4),
exhibiting that the model is quite robust when intermittent
data errors occur.

ESCIMOhas been validated in the framework of a variety
of studies over a wide range of temporal and spatial scales.
At the plot scale, the model has already been compared
with measurements of several Alpine sites (Zappa et al.,
2003; Strasser et al., 2002). Strasser et al. (2002) compared
ESCIMO to the sophisticated, multi-layer snow model
CROCUS(Brun et al., 1992). ESCIMO has further been
tested within the framework of the international SNOWMIP
programmes (Etchevers et al., 2004; Rutter et al., 2010),
including comparison with observations at middle elevation
temperate, high elevation temperate, eastern US and arctic
sites (Berms, Canada; Goose Bay, Canada; Fraser, US;
Sleepers River, US; Hyytilälä, Finland; Hitsujigaoka, Japan).
Distributed ESCIMO analyses have been conducted at the
regional scale using satellite-data derived snow cover for
different regions (Strasser and Mauser, 2001; Prasch et
al., 2008a; Strasser, 2008). All comparisons exhibit that
the snow cover scheme is capable of providing adequate
estimates of the ground snow cover distribution for many
types of application.

5 Application in climate change conditions

As described in Sect. 3 of this paper,ESCIMO.spreadgives
the option to define a set of climate change parameters in
order to facilitate the analysis of climate change impacts on
the snow cover at a specific site or to analyze the models
sensitivity to changes in temperature and precipitation input.
To give an example for an application under scenario
conditions,ESCIMO.spreadhas been set up for two different
scenario runs. The baseline scenario assumed here is
a projected global average surface warming of +2.8◦C
at the end of the 21st century. This warming trend
of +0.28◦C year−1 in the mean corresponds to the IPCC
A1B scenario (IPCC, 2007). Analysis will be carried out
for a 50 year projection horizon resulting in an increase
of temperature of +1.4◦C up to the winter 2054/2055
(scenario 1). A second scenario will be assessed by
combining the assumed temperature increase with a shift in

Fig. 5. Simulated snow water equivalent at the Kuehroint site under
present and potential future climate conditions.

precipitation amount from the summer to the winter season,
as predicted by several modelling studies that have been
carried out for the region of Bavaria (MPI, 2010; KLIWA,
2007; BayFORKLIM, 1996). Thereby, a decrease of 10%
in summer and an increase of 10% in winter is assumed up
to the year 2055 (scenario 2). The results of both scenario
runs are illustrated in comparison to the simulation results
achieved for 2004/2005 in Fig. 5. As the figure exhibits,
the increase in temperature alone as defined for scenario 1
remarkably reduces the duration of the snow covered season
by enhanced melt intensity in spring. Although the shape of
the curve is still very similar to the one achieved for present
climate conditions, the simulated snow water equivalent is
almost permanently less in this scenario run. As a result of
the reduced storage of water in the snowpack, the annual total
amount of snow melt is lowered from 838 mm (2004/2005)
to 673 mm (2054/2055). In scenario 2, this decrease in snow
water equivalent and snow melt is partly compensated by the
increase of winter precipitation (+10%), leading to an annual
snow melt of 721 mm. As observed in Fig. 5 for March, an
increase in precipitation, even if combined with an increase
in temperature as assumed for scenario 2, can temporarily
increase snow water equivalent. The duration of the snow
covered period is however not prolonged, as it is rather
goverened by temperature than by precipitation. It mounts
to 177 days for both scenario runs, compared to 197 days
simulated for present climate conditions (2004/2005).

6 Conclusions

This paper describes the application of the spreadsheet-
based, point snow surface energy and mass balance model
ESCIMO.spread. The model formulae are packed together
with one year of example data, the parameters and the
graphical visualization of both the observations and the
model results in a spreadsheet file which can be obtained
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from the authors free of charge. Hourly model calculations
compare well to weekly recordings of snow water equivalent
at an Alpine site in the Bavarian Alps. Beyond the
application for past climate conditions, the model allows
to simulate the effect of potential future climate change by
means of parameters which modify observed temperature
and/or precipitation. The model runs fast on any standard
PC and platform with common spreadsheet programs, it is
easy to handle and hence, it is suitable to be applied for
educational purposes such as student courses.

The representation of the physical processes inES-
CIMO.spreadhas proven to be robust and transferable in
many applications already. The next future extension will
be the adaption to simulating glacier surfaces (glacier ice,
superimposed ice and debris-covered ice). The portability
of the spreadsheet version of the model makes it particularly
suitable to be taken to the field, and model the course of the
seasonal evolution of a snow cover in situ by hooking up to a
datalogger at any AWS, reading the data and performing the
simulations directly. This exercise will next be undertaken
by the authors at Freya glacier, NE-Greenland (74◦30′ N,
21◦00′ W).
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