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Why is the vehicle bearing capacity 
important for the armed forces? 

● Safety

● Damages to nature (cost)

● Operations/tactical maneuvers/optimal routes



  

Why is this challenging?

● Horizontal heterogeneities

● Vertical heterogeneities

● (Limited number of) local measurements 

● Predictions versus current state

● Time consuming and need for dedicated resources



  

SURFEX  forecast frost depth Rena



  

Index of bearing capacity of frozen 
ground



  

Bearing capacity P=Cz², where C=0.35 dry soil and 0.86 for wet soil, and z 
is the frost depth.  Shoop (1995) Can. Geotech. J. Vol. 32, 1995.

Frost depth is a prognostic variable in SURFEX: FLT_ISBA



  

Observations



  



  



  

Rena-Ørnhaugen



  



  

Ex: Soil temperature July 2014



  



  

Observations

FF
FX_1
FG_1
DD
SA
TA
TSS
TJ(6) – 1, 5, 15, 25, 45 and 95 cm 
QSI
RA
RR_1
UU
PR
Freezing depth 



  

Future work

● Soil moisture observations

● Level the surface around the station

● Stabilize the measurements

● Measure the soil texture (and compare to model 
values)



  

Modelling



  

SURFEX - offline & inline*
*AROME's surface model



New in 2015: 2D simulations

Offline SURFEX model 
runs for regions (1 
km*1km):

 Tromsø

 South Norway

 Drammen

18



  

SURFEX-RENSK



  

Forcing data



  

AROME-MetCoOp



  

Data distribution



  

Results

1D simulations at Ørnhaugen
Configured as Rensk but also 3-L snow



  

Spin-up of soil temperature
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Crocus – red; 3-L - blue



  

Soil temperature



  

Snow depth   & Frost depth



  

Sensitivity to soil texture and snow scheme– 
“optimizing” SURFEX at Ørnhaugen



  

RMSE soil temperature
as a function of clay and sand fractions

 -red is default 

Soil layer
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With (top) and without (bottom) 
ground snow



  

Lowest RMSE for each soil layer
Crocus                            3-L

RENSK: 11% clay; 70% sand



  

Soil moisture 



  

Snow depth   & Frost depth
obs-green; crocus-red; 3-L-blue

Best fit Crocus
RMSE – 40% clay and 60% sand
Corr – 30% clay and 70% sand
Binary (yes/no) – 0% clay and 50% sand



  

Future work

● Replace AROME-MetCoOp forcing with observations (shorter 
time period) – how large (relative) is the sensitivity to 
forcing?

● Sensitivity to physiography (e.g. local variability since 
SURFEX soil texture is constant over a large area)

● Test (some) soil texture configurations over a larger domain

● Suggest surface/soil perturbations for AROME-MetCoOp EPS

● Quantify uncertainty in estimates of bearing capacity



  



  

Lokale (statistiske) tilpasninger
Eks Temperatur



Yr (left) vs ECMWF HRES (right)

RR24 (event rain/no rain; threshold 0.2 mm/24h)

Orange + green = fraction of good forecasts
2007 20072014 2014



Yr (top) vs ECMWF HRES (bottom)
Screen Temperature



  

Hvilken værvarsling har du 
størst tiltro til? 
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