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ABSTRACT 

Projected future warming is particularly strong in northern high latitudes. Permafrost present in 

those areas contains high quantities of “frozen carbon” that could be released in the atmosphere. 

Snow, due to its insulation properties, has an impact on the evolution of those “frozen carbon” 

stocks. The aim of this study is to improve the ground surface temperature over arctic land areas 

covered by snow. We use satellite data (MODIS “LST” and passive microwave AMSR-E “Tb”) 

assimilated in a climate land surface scheme (CLASS) coupled with a radiative transfer model 

(HUT), driven by reanalysis meteorological data. We show that the retrieved simulated ground-

temperatures under the snow is improved by up to 2 to 4 K when using satellite data compared to 

the simulated temperatures using the model (alone) without constraint. 
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INTRODUCTION 

Permafrost (ground with negative temperature at least two years in a row) is of high importance 

in a context of global warming. As temperature should increase by 3 to 8°C in the North Pole area 

over the next 100 years, the upper organic layers of permafrost will melt releasing Gigatons (Gt) of 

frozen carbon into the atmosphere. The snow which could also significantly change under a warmer 

climate could have a huge impact on the soil carbon distribution. Gouttevin et al. (2012) showed 

that setting different conditions for some physical properties of snow (thermal conductivity) had a 

significant impact on the soil carbon stock after 10,000 years of model run (an average of 8% 

differencies, over 60 Gt). An accurate modelization of the snowpack evolution along the winter over 

permafrost areas, in particular for heat flux transfer parametrization, should allow to reduce the 

error linked to ground-surface temperature estimates, leading to change in carbon stocks in frozen 

grounds. 

 

_______________________ 
1
 CARTEL, Université de Sherbrooke, Sherbrooke, Québec, Canada 

2
 Centre for Northern Studies, Québec, Canada 

3 
LGGE - Laboratoire de glaciologie et géophysique de l'environnement 



72
nd

 EASTERN SNOW CONFERENCE 
Sherbrooke, Québec, Canada 2015 

 

94 

 

METHODOLOGY 

Data 

A the deep ground permafrost temperature is directly directly linked to the evolution of the 

ground surface temperature, we use this parameter, remotely accessible. Satellite MODIS data give 

us an accurate land surface temperature (LST, skin temperature) in the thermal infrared range, with 

a 1km spatial resolution. But as accurate as this product might be, we have only access to the 

surface temperature of the snow cover during cloud free conditions. AMSR-E (passive microwave 

data) counterweights the issues linked to the cloud cover (Karlsson and Svensson. 2011) and the 

snow depth penetration (which varies given the frequency employed). Two main variables were thus 

used : LST and the brightness temperature (of the snow and underlying ground), which is defined as 

the effective temperature of the surface cover (snow and underlying ground) weighted by its 

emissivity, which is a function of the dielectric properties. The variations in the dielectric constant 

values are linked to te surface cover state, including the freeze/thaw events, the snowpack density 

and water content. The Tbs allows thus to constrain the simulated surface cover state and evolution. 

 Model 

Two models were used, a land surface scheme and a radiative transfer model. The land surface 

scheme, Canadian Land Surface Scheme (CLASS, [Verseghy, 1991]) was used in its “stand alone 

drive” version 3,6 integrating the snow SSA module (surface specific area, [Roy et al., 2013]). 

CLASS integrates the energy and hydrologic surface balance through time driven by reanalysis 

NARR atmospheric forcings (North America Regional Reanalysis). It divides the surface fluxes for 

four categories : bare grounds, grounds with vegetation, bare grounds with snow, and grounds 

covered by vegetation and snow. CLASS simulates both the mean ground surface temperature over 

the first 10 cm layer and the Land Surface Temperature (LST) that can be compared to the MODIS 

data. The radiative transfer model, HUT (Helsinki University of Thechnology, [Pulliainen et al., 

1999]) is a semi empirical passive microwave emission model that simulates the brightness 

temperature of the ground, or ground cover with snow which can be compared with the satellite-

based AMSR-E Tb measurments. The scale of the analysis is 25 x 25 km (satellite pixel resolution) 

using the 32 km spatial resolution of atmospheric forcings. 

Optimization 

The methodology was based on the optimization of some of the forcing input data, especially the 

air temperature by minimising the differences between the simulated LST and the MODIS LST, and 

the precipitations using the AMSR-E Tb at 19 GHz in vertical polarization linked to the soil 

moisture. For the winter period, we also did an optimization of the snow conductivity using the 

polarization ratio (Tb H / Tb V) at 11 GHz, since this polarization ratio is well correlated to the 

snow density, from which the snow conductivity was calculated (Domine et al, 2011). All 

simulations were done after a systematic 2 years spin-up period. 

RESULTS 

Summer period 

First tests were conducted at a Northern Quebec site, Salluit, for a summer period. The 

optimization processes showed an improvement of 3K in terms of ground surface temperature for 

the 2007 summer, with non optimized RMSE of 5,5K and optimized RMSE of 3,2K, including a 

1,4K biais compared to ground-based measurments (Table 1). The use of brightness temperatures at 

19 Ghz allow also to improve the retrievals, from 5,7K to 2,6K with a biais of 1,4K (Table 1). A 

good agreement is obtained for the ground temperature at 5 cm, keeping in mind the scale of the 

analysis (32 and 25 km). 
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Table 1. Results for the Northern Quebec Salluit site for the summer 2007 and the winter 2008 periods. 

Before optimization “BO” and after optimization “AO” simulations are represented, for the ground 

surface temperature “LST”, the 19 GHz brightness temperature in vertical polarization “Tb19V”, and 

the 5 cm depth ground temperature “Tg 5”. General improvements of factors 2 are noted with 

significative reduction of the biais. 

   BO LST AO LST BO Tb19V AO Tb19V BO Tg 5 AO Tg 5 

Salluit Summer 

2007 

RMSE 5,5 3,2 5,7 2,6 4,4 2,8 

  BIAIS 3,5 1,4 2,8 1,4 2 1,2 

 Winter 

2008 

RMSE 7,4 4,8 6,3 2,8 6,5 3,5 

  BIAIS 1 1 -5,9 -1 2,5 1,5 
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Figure 1. Results of the snow optimization processing during the 2008 winter at Salluit (0 day = January 1st). 

Up : Optimization of the snow density using the measured microwave polarization ratio; Middle: the derived 

optimization of the snow conductivity. Bottom : 5 cm depth temperature measured (black), ground simulated 

temperature without snow conductivity optimization (red), and simulated with snow optimization (blue). The 

air temperature (light blue) is also represented. A significant improvement of the RMSE (6,5K to 3,5K) is noted 

as well as a reduction of the positive biais (2,5K to 1,5K). 

Winter period 

The results of the optimization processing using thermal and microwave satellite measurements 

are shown if Figure 1 for the 2008 winter period at the same site. Good agreements were noted 

when using both the surface temperature and the brightness temperature, with  reduction of the 

RMSE respectively from 7,4K to 4,8K and 6,3K to 2,8K. The depth of the modelled snow cover fits 

well the CMC product (REF) for the Salluit area. 

Winter period with snow conductivity optimization 

When applying the snow conductivity method taking into account the 11 GHz polarization ratio, 

we see an improvement in terms of snow density, snow conductivity, and ground temperature. The 
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snow density during the winter in this toundra area reaches values proper to a toundra site, with 

snow conductivity values that fits the litterature as well. The snow conductivity is multiplied up to 2 

to 4 times its original value reaching 30 W.m
-1

.K
-1

. The RMSE compared to the 5 cm ground 

temperature is now at a value of 3-5 K with a 1,5 K positive biais, and a maximum temperature 

difference of 5 K. 

Similar results are found at another toundra site, Inuvik, in the NorthWest Territories, where the 

RMSE on the 5 cm ground temperature decreases from 7K to 2,8K with a positive 1,5K biais. 

CONCLUSION 

We developed a new approach to retrieve the ground-surface temperature along the year (summer 

and under the snow) using a land surface scheme (climate model) constrained by satellite  

observations (fuzzed thermal and microwave data). Our mean preliminary accuracy ranges around 

2-3K for summer simulations and around 3-4K for winter simulations. Possible improvements could 

be made using new lower frequency microwave observations (SMAP mission). 
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