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CaLDAS + SVS… positive at the surface
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CaLDAS + SVS… less positive for upper air

Regional Deterministic 
Prediction System 
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106 cases (00+12 UTC)
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The complex links between surface and 
atmospheric errors

SURFACE / SOIL

SOIL MOISTURE

Tsurf

ATMOSPHERIC
FORCING

CM , CT

(w’θ’)
(w’q’)
(w’V’)

SURFACE LAYER

PBL

FREE ATMOSPHERE

precip

radiation

PBL

stability

water budget

energy budget

fluxes

(U,T,q)
SL

Implicit 
vertical 
diffusion

entrainment



In this study, evaluation against...

EnVAR below 3km

CaLDAS – screen

CaLDAS – land

+ Errors correlations  



Maps of PBL errors (for humidity here) 
Bias of specific humidity
Mean over first km
72-h forecasts
68 cases (00 UTC)

(g/kg)



Maps of land surface errors (soil moisture)
Bias of soil moisture
First soil layer (0-5cm)
72-h forecasts
68 cases (00 UTC)

(m3/m3)



The rapid deterioration of soil moisture 

0.07 m3/m3

54 hours

Way larger than soil 
moisture errors from 
offline modeling 
(with better 
atmospheric forcing)

STDE soil moisture forecasts
68 cases (initialized at 00 UTC)
Spatially-averaged over central USA

144 hours

day
night



Slow increase of bias for soil moisture 
Bias soil moisture forecasts
68 cases (initialized at 00 UTC)
Spatially-averaged over central USA

Gradual increase of 
bias with time

Smaller values than 
STDE

0.01 m3/m3

“0” line

144 hours

daynight



PBL errors relatively well correlated with 
surface temperature errors

Specific 
humidity
mean error 
Averaged 
over lowest 
1 km
(g/kg)

Surface temperature error (K)

Averaged over 
central USA 
domain

Mostly cold 
and humid



… but not that well with soil moisture errors

Specific 
humidity
mean error 
Averaged 
over lowest 
1 km
(g/kg)

Soil moisture error, first soil 
layer (m3/m3)

Averaged over 
central USA 
domain Mostly humid 

and humid



So...

Soil moisture not well predicted 
(even at short range)

PBL biases do not depend much 
on soil moisture errors

Implications on actions required to 
improved predicted PBL



Impact of decreasing precipitation

70 cases / 72h
Against EnVar 

analyses
North America
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Experiment in 
which 
precipitation 
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SVS were 
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Impact of dynamic z0M / z0T

70 cases / 72h
Against EnVar 

analyses
North America

BIAS
SPECIFIC 
HUMIDITY

SVS-
control

Dynamic 
z0M/z0T

Experiment in 
which soil 
moisture errors 
have a lesser 
impact on PBL 
biases (smaller 
z0T)



Final words

Approach to calibrate the land surface 
scheme and its interaction with the 
atmosphere

Best results at medium-range might be for 
wrong reasons (i.e., limiting the damages 
caused by poor soil moisture forecasts)

Focus should be on improving the 
predictability of soil moisture, by providing 
better precipitation fields to the land surface 
scheme

Stephane Belair, Montreal, 
15 July 2019


