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create_SMET_file2
Resample on common time axis, check for NaN values, scale radiation intensity

timestamp TA RH TSG HS VW DW VW_MAX OSWR ISWR ILWR OLWR PSUM PSUM_PH TS1 TS2 TS3 TS4 TS5

prepare_aws_main_data_v3

1h sampling (equidistant)

(NaN = invalid, missing)

HS, Tair2m, Tair0m, prec, 

wind speed, wind speed max, 

rel humidity, wind direction

aws_main_2009
-2013_1h.sav

relHumidity, 

WV, WVmax, 

Wind Direction

(NaN = missing)

load_AWS_mainsite_data

rawdata_aws_2009
-2013-2.sav

1 min sampling

AWS_rawdata_reader2

IOA_meteo_TA_TS_HS_1h.sav

HS, 

Tair, 

Tsoil

average_and_fill_IOA_Tair_HS_TSoil_data

Tair,Tsoil,HS

1h sampling (gap-filled)

HS, Tair

load_soilmoisture_
data_IOA_siteABC

prepare_soilmoisture_
data_IOA_siteABC2_v2

10 min sampling

IOA_soilmoisture
_2009-

2013_1h.sav

1h sampling (equidistant)

(NaN = invalid, missing)

soil moisture, A, B, 

Tsoil at -2cm: B, C

TsoilB, TsoilC

(-2cm)

MAWS\data\MawsML2X_*
Soil moist: A, B at -2, -10 cm

Soil temp: B, C at -2 cm

(SMT near Elbara at IOA)

10 min sampling,

2009-01-07...2013-06-10

\AWS\*.log
HS,Tair2m,Tair0m,Prec, 

WV, WVmax, Wdir, RH

(AWS, sounding station)

1 min sampling

2009-09-01...2013-06-09

arcmast_SD_
temp_2009-
2013_1h.sav

HS, Tair@1m

SD_AT1+2_2009
-2013_1h.sav

HS1(Elbara),

Tair1, Tair2

load_arcmast_snow_
temperature_data

arcmastsnow\200?\*
HS, 11 x Tsnow 

at 10, 20,...,110 cm

(at meteorological mast)

10 min sampling,

2009-09-01...2013-06-09

prepare_arcmast_snow
_temperature_data_v2

10 min sampling

1h sampling (equidistant)

(NaN = invalid, missing)

HS, 11 x Tsnow at 10, 20, …, 110 cm

load_maws_snowdepth_
airtemp_IOA

MAWS\data\MawsSR50_*
2 x HS, 2 x Tair 

(SDAT1 near Elbara at IOA,

and SDAT2 80m East of IOA)

10 min sampling, 

2009-01-07...2013-06-10

prepare_maws_snowdepth
_airtemp_ioa

10 min sampling

1h sampling (equidistant)

(NaN = invalid,missing)

2x HS, 2x Tair

homogenize_Radiationbal
ance_and_fill_gaps

LW_rad,SW_rad.txt
LWdown,LWup,

SWup,SWdown

(tower, sounding station)

1 hour sampling

2009-01-01...2015-08-10

reference_SWE2()
calibrate AWS precipitation 

with SWE from 

SnowScat & GWI

Calibrated Precipitation, 1h

Precipitation

1h

SnowScat
SWE + Anisotropy 

(sector 1 at IOA), 

4 h sampling, 

2009-10-29…2013-05-21

SWE

ScaleRadiation

LWin, SWin, SWout

1h sampling, 

homogenized, (gap-filled: y/n)

LWin, LWout, SWin, SWout
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Load_and_prepare
_radiation_data

1h sampling (equidistant)

(NaN = invalid, missing)

LWin, LWout, LWin, SWout,

11 x Tsnow @10,..,110 cm

1h sampling

(NaN = missing)

fill_RH_and_wind_data

relHumidity, WV, WVmax, 

Wind Direction (gap-filled)
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run_snowpack_simulation

4 x meteoin*.smet
(2009/2010 – 2012/2013)

4 x config*.ini
4 x soillayer*.sno
(2009/2010 – 2012/2013)

Radiation scaling parameters 

SNOWPACK

Tsoil, soil moisture

arcmastsoil\200?\*
5 x Tsoil, 5 x soilmoist

at -5, -10, -20, -30, -50 cm

(at meteorological mast)

10 min sampling,

2009-09-01...2013-06-09

load_arcmast_soil_
Moist_Temp_data

prepare_arcmast_soil_
Moist_Temp_data_v2

10 min sampling

arcmast_soil_m
oisttemp_2009-
2013_1h.sav

1h sampling (equidistant)

(NaN = invalid, missing)

5 x Tsoil,5 x soilmoist

2 x Tsoil

(-5,-10 cm)

2 x Soilmoisture

(-5,-10cm)

TsoilB, TsoilC (-2cm)

2 x 2 Soilmoisture:

(A, B) x (-2,-10cm)

calc_soil_moist
_temp_average

Create_SMET_soil_file

tstart

run

P
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ta

tstart

radiation_
balance_
2009-2013
_1h.sav

LWin,

SWin,SWout

reference
_SWE2.sav

Precipitation 1h (div by 4 

matching 15 min time step 

of SNOWPACK)

3 radiation scaling 

parameters

4 x *.met

Scale_radiation.sav

4 x *.pro4 x *.ini
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snowpack_parameter_tuning_v2

Measured and modeled:

Tsoil, Tsnow, HS

Run SNOWPACK

ATMOSPHERIC_STABILITY = NEUTRAL, MO_MICHLMAYR,..

SNOW_EROSION = TRUE | FALSE

WIND_SCALING_FACTOR = 2.0+-1.0

THRESH_RAIN = 1.0-+0.5

PSUM_PH = Distrometer | fixed THRES_RAIN

RSWR::create  = ISWR_ALBEDO | interpolate

ILWR::allsky_lw::type = Konzelmann | interpolate

PREC_aws: PSUM from AWS or AWS+SSI (calibrated)

Fill NAN PREC with 0 | SWE change

iterate: radiation scaling parameters

Snowpack_parameter_analysis

HS_TS_simulation_vs_
measurements.txt

HS, TS model vs. measurement deviation statistics

Mean, Min,Max,95%,Median,RMSE,MedAbs,Nash-Sutcliffe

Ensambles

score_ensamble_runs

Hash-key 
database

new simulation?

RH_wind_1h
.sav

RH, 

VW, DW, 

VW_MAX

PSUM from AWS or AWS+SSI

Distrometer*.txt
Precipitation phase: 

solid,liquid,total

(at IOA)

1 min sampling,

2010-10-28...2013-12-31

load_and_prepare_
distrometer

distrometer2
_2009-

2013_1h.sav

1h sampling (equidistant)

Precipitation

(total, solid, liquid)

determine_
precphase_

v2

PrecPhase_2010
-2013_1h.sav

PrecPhase, 

TH_SNOW, TH_RAIN

snowpack_parameter_tuning_v3

PSUM_PH = Distrometer

ENFORCE_MEASURED_SNOWHEIGHT = TRUE

Tsnow: Select 5 heights

5 sensor heights for Tsnow

2 x Tsoil

(-5,-10 cm)
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2009-2013

_1h_raw.sav
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Define new configurations

Mutate best configurations

Score, cmpScore

simulate_anisotropy_profile_downhillsimplex

detect_merged_snowpack_layers

anisotropy_prepare_input

anisotropy_model_diffgl

analyze_anisotropy_simulation
_result

ACPD,

DeltaZeta

ACPD, DeltaZeta

Iterate:

alpha1,

alpha2

Cost function (RMSE, MedAbs, 

Nash-Sutcliff, pearson-R)
plot_muCT_profiles_vs_snowpack_v3

plot_anisotropy
_profiles

Anisotropy   

profiles

CT-data

anisotropy_ensamble_runs

html-table

Score, 

cmpScore

alpha1, alpha2

Figure 1. The flowchart presents the entire data flow for preprocessing of the meteorological data, configuration of snow pack, automated
analysis and selection of SNOWPACK results, and finally the calibration and validation of our model.
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Figure 2. Raw meteodata 2009/2010 measured by different sensors.
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Figure 3. Raw meteodata 2010/2011 measured by different sensors.
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Figure 4. Raw meteodata 2011/2012 measured by different sensors.
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Figure 5. Raw meteodata 2012/2013 measured by different sensors.
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Figure 6. Meteodata 2009/2010 provided as SNOWPACK input (*.SMET files). (ensemble ID: optimizeradiation2458414-22890)
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Figure 7. Meteodata 2010/2011 provided as SNOWPACK input (*.SMET files). (ensemble ID: optimizeradiation2458414-22890)
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Figure 8. Meteodata 2011/2012 provided as SNOWPACK input (*.SMET files). (ensemble ID: optimizeradiation2458414-22890)
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Figure 9. Meteodata 2012/2013 provided as SNOWPACK input (*.SMET files). (ensemble ID: optimizeradiation2458414-22890)
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Figure 10. Meteodata 2009/2010, processed and filtered by SNOWPACK/MeteoIO. This data is the forcing data in the core of the model and
is written out to *.met files (WRITE_PROCESSED_METEO = TRUE). HS was enforced (ensemble ID: optimizeradiation2458414-22890).
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Figure 11. Meteodata 2010/2011, processed and filtered by SNOWPACK/MeteoIO. This data is the forcing data in the core of the model and
is written out to *.met files (WRITE_PROCESSED_METEO = TRUE). HS was enforced (ensemble ID: optimizeradiation2458414-22890).
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Figure 12. Meteodata 2011/2012, processed and filtered by SNOWPACK/MeteoIO. This data is the forcing data in the core of the model and
is written out to *.met files (WRITE_PROCESSED_METEO = TRUE). HS was enforced (ensemble ID: optimizeradiation2458414-22890).
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Figure 13. Meteodata 2012/2013, processed and filtered by SNOWPACK/MeteoIO. This data is the forcing data in the core of the model and
is written out to *.met files (WRITE_PROCESSED_METEO = TRUE). HS was enforced (ensemble ID: optimizeradiation2458414-22890).
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Figure 14. Top three graphs: raw radiation data, gaps show invalid or missing data. Bottom three graphs: filled and homogenized radiation
data. The short wave sensor was replaced in August 2012.
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Figure 15. Histograms of the six statistical descriptors (see legend) used to measure the accuracy of different SNOWPACK runs. The descrip-
tors rate the difference between measured and simulated values for snow height (HS) and snow temperature (TS). The shown histograms of
the descriptors cover all SNOWPACK ensemble runs with different settings and radiation scaling parameters. The top row shows the statistics
over all four seasons; the lower four rows are the statistic for each individual season. The left column shows the score of each season and the
total score determined by thresholding. The thresholds are shown as vertical dashed lines. Numerical values of the thresholds are given in
the main document.
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Figure 16. Histograms of the six statistical descriptors (see legend) for the best 301 snow pack runs. The descriptors rate the difference
between measured and simulated values for snow height (HS) and snow temperature (TS). The shown histograms of the descriptors cover all
SNOWPACK ensemble runs with different settings and radiation scaling parameters. The top row shows the statistics over all four seasons;
the lower four rows are the statistic for each individual season. The left column shows the score of each season and the total score determined
by thresholding. The thresholds are shown as vertical dashed lines. Numerical values of the thresholds are given in the main document.
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Figure 17. Cost functions for individual seasons. Each line represents the cost function for an individual season (2009/2010–2012/2013).
Each column shows the cost function for (1): only the first term of the cost function; (2): only the second term of the cost function, (3): the
sum of the first and second term; (4): The Nash-Suttcliffe model efficiency coefficient.
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Figure 18. Further parameters derived from the CT data. Top row: exponential correlation length (pex, black), slope of the correlation function
at the origin (pc, red) and the ratio pex/pc. The dashed lines indicates the commonly used ratio pex/pc ≈ 0.75 which is not valid for depth hoar
(Mätzler, 2002). Middle row: SSA, bottom row: density from CT data compared with density of the SNOWPACK simulation with enforced
snow height (ID: optimizeradiation2458414-22890).
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Figure 19. SNOWPACK visualizations for grain type classification and viscous deformation rate.
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Figure 20. SNOWPACK visualizations for snow temperature and temperature gradient.
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Figure 21. SNOWPACK visualizations for liquid water fraction and snow density.
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Figure 22. SNOWPACK visualizations for grain size and bond size.
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Figure 23. SNOWPACK visualizations for dentricity and sphericity.
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Figure 24. Modeled solution when grain size is considered by setting the microstructural term fµ = ρsnowrg.


