N

N

Creation of an Empirical Energy Balance-Based Snow
Module Simulating Both Snowmelt and Snow
Accumulation for Mountain Hydrology
Philippe Riboust, Nicolas Le Moine, Guillaume Thirel, Pierre Ribstein

» To cite this version:

Philippe Riboust, Nicolas Le Moine, Guillaume Thirel, Pierre Ribstein. Creation of an Empirical
Energy Balance-Based Snow Module Simulating Both Snowmelt and Snow Accumulation for Mountain
Hydrology. AGU Fall meeting, Dec 2015, San Francisco, United States. pp.1, 2015. hal-02602298

HAL Id: hal-02602298
https://hal.inrae.fr /hal-02602298
Submitted on 16 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.inrae.fr/hal-02602298
https://hal.archives-ouvertes.fr

Context

Snow models are usually designed to simulate snowmelt and river discharge when coupled
to a rainfall runoff model, but few of them simulate correctly the snow water equivalent
(SWE) at point scale. Tackling this flaw could have several advantages: Improving the
model reliability and performance for short-term and long-term prediction, spatial
regionalization, and performing data assimilation using observed snow measurements.

The model developed in this study has to have the following characteristics :

1. Be parsimonious and be coupleable to different hydrological models, using only
temperature and precipitation as inputs

2. Be able to simulate the state of the snow pack without worsening discharge simulations
when coupled to a hydrological model.

3. Have state variables directly comparable to observations.

The first step for creating that model is to parameterize incoming shortwave and
longwave radiation for energy balance modeling

Method and datasets

« 26 meteorological stations  with
temperature, radiation, precipitation
and humidity observations.

17 also have cloud cover observations

* Wide data availability on large range of
elevations in Switzerland
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For building a complete downward radiation model, we have tested
4 transmissivity formulations

* 4 emissivity formulations

* 3 cloud cover formulation

The performance of the radiation model built 1s compared to Walter (2005) snowmodel
which used parameterizations formulas from the literature

Improving downward radiation parameterization
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Multiple calibration strategies have been tested, all
calibrations have been made using the jackknife method
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Improving parameterization for high elevation areas

e Based on the Bristow and Campbell (1984) equation, this new transmissivity parameterization has been

developed Tmax:Tmax,low z+(1_rmax,low Z)(l_EXp( —7 ))
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e Impact on transmissivity parameterization
 Increase of maximal transmissivity with elevation
e Decrease of transmissivity range with elevation

Adding extra data

Extraterrestrial Radiation
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Mean shortwave extraterrestrial
insolation for July 28"

MODIS observed cloud cover data

e Radiation modeling benefits from using cloud cover
parameterization.

e Unlike cloud cover observations, MODIS satellite
observations are spatially widely available

MODIS image from March 10" 2011 showing
cloud cover (gray), snow (white), snow-free land
(green) and water (blue) areas

Results
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Simulations of solar and infrared radiations
for Kloten and Jungfraujoch meteorological
stations after the experiments

e The experiments undertaken in Switzerland showed an increase of
performances of the radiation model.
e Large increase of performances in high elevation areas.

Conclusion and perspectives

During the remaining PhD work, the downward radiation model will be
coupled with a snowpack model. It will simulate the conductivity fluxes into the
snowpack, the change in albedo and density of the snow with time and the snow

surface temperature.

The complete snow model should run at basin scale, using snow and discharge
measured data for calibration
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