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Motivation
 Contribution to the exploitation of H-SAF products in 

operational hydrology. 

 Application of the implemented framework for 
hydro-validating HSAF snow product data 
regarding the improvement of the lead-time 
accuracy of forecasts



Importance of snow for the
Upper Euphrates Basin

60–70% of the total runoff 
volume originates during 
snowmelt period….



Elevation
zones

The Upper Euphrates Basin
(Karasu)

The main land-cover types are 
pasture, cultivated land and 
bareland.

Elevation
range (m)

Area
(km2)

Hypsometric Mean
Elevation (m)

Slope
(%)

Karasu 1125-3487 10275 1983 19.24



Snow Recognitation Product, H10

 Coverage: 25-75°N lat, 25°W-45°E long

 Cycle: Daily

 Resolution: 1 to 5 km

 Accuracy: POD 95 %, FAR 10 %



Snow Water Equivalent, H13

 Coverage: 25-75°N lat, 25°W-45°E long

 Cycle: Daily/weekly

 Resolution: 10-30 km (0.25 degrees)



Monitoring



Monitoring
H10 - Upper Euphrates Basin
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Monitoring



Comparisons



Hydrological Models (HBV and SRM)

HBV
(Hydrologiska Byråns Vattenbalans) 

SRM
(Snowmelt-Runoff Model )

(Lindström et al., 1997) (Martinec et. al 2008)

Qn+1 = [cSn * an (Tn + Δ Tn) Sn+ cRn Pn] 
* (A · 10000 / 86400) * (1-kn+1) + Qn kn+1



Hydro-Validation Studies



Hydro-Validation Studies



SRM Model - H10 (Calibration)

R2 NSE

whole 0.84 0.77

Jan_Jun 0.84 0.67



Moving Horizon Estimation (MHE)
 Hydrological Model (e.g. HBV)

 Moving Horizon Estimation (MHE)
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SRM Model - H10 (Calibration-DA)
Jan-Jun R2 NSE

WoDA 0.84 0.67

DA (SCA) 0.88 0.80

DA (Prec) 0.88 0.79



SRM Model - H10 (Validation)
R2 NSE

WoDA 0.92 0.43

DA (SCA) 0.91 0.70

DA (Prec) 0.92 0.68

DA (Both) 0.93 0.81



SRM Model - H10 (Validation)
R2 NSE

WoDA 0.89 0.50

DA (SCA) 0.90 0.78

DA (Prec) 0.91 0.80

DA (Both) 0.94 0.78



DA with SCA and Prec (2012)



DA with SCA and Prec (2013)



Comparison H10 and MODIS



Statistical Comparisons

NSE (Jan-Jun) H10 MODIS

Calibration WoDA 0.67 0.60

Validation 
(2012)

WoDA 0.43 0.73

DA(SCA) 0.70 0.79

DA(Prec) 0.68 0.83

DA(Both) 0.81 0.85

Validation 
(2013)

WoDA 0.50 0.81

DA(SCA) 0.78 0.86

DA(Prec) 0.70 0.89

DA(Both) 0.88 0.92



Ensemble Prediction System (EPS)



Karasu 2012 (H10)



Karasu 2012 (H10)



BC - EPS
T𝐶𝑜𝑟𝑟
∗ = TEnsmeble+ (TObs - TEns)

T𝐶𝑜𝑟𝑟
∗ : Bias corrected temperature ensemble

TEnsemble : Raw temperature ensemble

TObs : Correction factor for observed temperature

TEns : Correction for ensemble temperature

P𝐶𝑜𝑟𝑟
∗ = PEnsmeble x 

𝑃𝑂𝑏𝑠

𝑃𝐸𝑛𝑠

P𝐶𝑜𝑟𝑟
∗ : Bias corrected precipitation ensemble

PEnsemble : Raw precipitation ensemble

PObs : Correction factor for observed precipitation

PEns : Correction for ensemble precipitation



EPS Temp MAE
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EPS Prec MAE
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SRM – H10 – BC EPS - DA



SRM 2012 EVS

SRM_EPS SRM_BC_EPS

SRM_DA_BC_EPS



HBV Model



HBV Model Validation (H10)



HBV – BC EPS – DA (H13)



HBV 2012 EVS

HBV_BC_EPS

HBV_BC_EPS_DA_P_H13



Conclusions
• A framework for DA integrated with hydrological 

models is setup and tested. 

• Operational HSAF snow products are used in data 
assimilation procedure

• There is an enhancement in runoff prediction accuracy 
with NWP

• Research is ongoing...
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