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• RUSSIA: ~2,600,000 streams 

• Up to 80% of them are poorly gauged or ungauged 

(1/3 of population, 94% of gas and oil extraction) 

•  Global change: “old-fashioned”/classic forecasting 

methods are inefficient 



• Automatic flood forecasting systems 
 
• Improving stream flow forecasting by integrating 
satellite observations, radar data, NWP model 
output data, in situ data and catchment models 
using model-data assimilation methods 
 
• Systems of customer-oriented hydrometeorological 
support (Russian Railways, hydropower industry etc) 
 
• Automatic systems of environmental monitoring 
 



• automatic acquisition and processing of data 

• automatic calibration of operational models 

• automatic issuance of warnings 

• automatic decision-making 



AUTOMATIC FLOOD FORECASTING SYSTEMS: 
STRATEGY

• Two-level forecasting: 
1) Background flood forecasting (exceeding 

thresholds → risk assessment) 
2) Enhanced flood forecasting in catchments 

where risk 

• Automated decision support  
 (PREDEFINED DECISION©) 
 



AUTOMATIC FLOOD FORECASTING SYSTEMS: 
BACKGROUND FORECASTING

• Quite qualitative… 

• Large areas are covered 

• Saves resources 

• Simple and robust , yet reliable models are used 



Statistical models Conceptual models Physically based models 

Increasing complexity 

Increasing sensitivity to data quality 

Increasing sensitivity to the process stability 

Increasing role of the process understanding 

Increasing sensitivity to the calibration quality 



BACKGROUND FORECASTING:  
HYDROLOGICAL MODELS

•  The SACRAMENTO soil moisture accounting model   

 (Burnash, 1973 (USA)): 11—16 parameters 

 

•  The Multi-Layer Conceptual Model  (MLCM) 

(Kuzmin, 2010 (Russia)) – 2N+4 parameters (0—20…) 



MULTI-LAYER CONCEPTUAL MODEL  (MLCM)

2N+4 parameters 



MLCM: SOFTWARE FOR ONLINE MODELING



AUTOMATIC MODEL CALIBRATION: SAC-SMA 

• Quasi-global algorithm SCE (Shuffled Complex 
Evolution) is computationally “expensive” and 
sensitive to a number of parameters, needs well 
defined boundaries 
 
• Quasi-local algorithm SLS (Stepwise Line Search) 
is computationally efficient, but quite sensitive to 
an initial point for pattern search 



Disadvantages of “global” calibration 



Simultaneous random generation of the model input 

ensembles and quasi-local model calibration  

• Low sensitivity to setting of the random generator 

• Possibility to calibrate models in data scarce regions  

• Use of the Stepwise Line Search algorithm (modified 

pattern search) 

• Possibility to obtain unbiased parameters 



AUTOMATIC MODEL CALIBRATION: MLCM 

A special calibration algorithm is implemented: 

• For 0, 1 or 2 layers: all possible parameter sets are 

examined (step size: 5 or 10%) 

• For 3 and more layers: SCE 



AUTOMATIC MODEL CALIBRATION:  
MOST CRITICAL ISSUES 

• Parameter stability in time → their 

reliability 

• Parameter stability in space → 

possibility to be used in ungauged 

basins 



Need to identify many interdependent parameters 

Irregularity of the multi-dimensional response surface 

Low stability of the response surface 

Selection of appropriate objective function 

Possibility to calibrate models in realistic time 

 



J 

P 
→ 

Behavior of the response surface  
when new data are added 



Parameter transferability: 
ability to be used in a different 

catchment 

J 

P 
→ 



GENERAL PATTERNS OF THE RESPONSE 

SURFACES  

• for the same basin and different time 

intervals → parameter/forecast reliability 

• for different basins → parameter 

transferability 



Temporal stability slightly change the initial  

    point for pattern search 

Spatial stability        calibrate a    

     (semi)distributed model 

    using various cells or sub-

    basins of the same basin 
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J 

→ 
P 

F-index: the average J in an 
optimum neighborhood 

F 



New parameters should 
decrease F-index! 



• Smoothing based on penalty functions           x 

• Smoothing through F-transformation              v 

• Smoothing through using special objective 

functions:                                                                  v 

 - Multi-Scale Objective Function (MSOF) 

  - Most Informative Scales Objective Function (MISOF) 

  - All Scales Objective Function (ASOF) 

 

 



Kuzmin, Seo, Koren, “Fast and efficient…”,  
Journal of Hydrology, 2008 



• Basic Stepwise Line Search (SLS) algorithm (needs a 

priori parameter set) 

• SLS-F (F-indices + SLS) 

• SLS-2L (two loops) 

• SLS-E (ensembles of input + SLS) 

• SLS-EF, SLS-2LE, SLS-2LF, SLS-2LEF 





Catchments 
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SCE SLS SLS-F 
SLS- 

2L 
SLS-E 

Onion Creek –Austin  ATIT2 844 23.21 19.36 20.84 20.85 24.01 16.24 

Denton Creek – Justin DCJT2 1039 18.47 16.13 16.57 16.57 18.88 14.99 

Greens Bayou – Houston  GBHT2 137 

13.82 11.35 11.65 11.66 14.12 9.51 

South Fork –  GETT2 334 17.39 16.22 16.52 16.54 17.32 16.03 

Cowleech Creek – Greenville  GNVT2 212 16.89 14.39 14.60 14.60 17.90 11.72 

Brays Bayou – Houston  HBMT2 246 35.69 27.02 28.52 28.53 42.48 24.18 

Guadalupe River – Hunt HNTT2 769 39.50 30.99 31.01 31.02 37.00 28.12 

Double Mount Fork – Justiceburg  JTBT2 945 13.73 12.19 12.86 12.89 15.97 10.67 

Sandy Creek – Kingsland  KNLT2 904 18.38 11.55 13.67 13.67 13.88 9.66 

Davidson Creek – Lyons  LYNT2 508 10.51 10.22 10.37 10.37 10.41 9.10 

East Fork Trinity – McKinney  MCKT2 427 16.84 13.87 14.18 14.19 15.31 12.42 

Bedias Creek – Madisonville  MDST2 870 33.92 25.79 28.56 28.56 32.50 23.42 

Midfield – Tres Palacios MTPT2 435 35.43 33.92 33.83 33.83 34.00 29.45 

Cowhouse Creek –Pidcoke  PICT2 1178 38.99 38.00 37.68 37.70 38.12 22.90 

 Navidad River – Sublime  SBMT2 896 56.66 53.92 54.57 54.57 55.73 48.83 



CALIBRATION 

VALIDATION 

1 2 3 4 

INITIAL MSOF 

3.55 3.31 2.99 1.90 

Kyeabma Creek – Book Book 1.472 1.320 1.659 1.118 

Kyeamba Creek – Lady Smith 1.475 1.272 1.734 1.238 

Hillis Creek – Mount Adrah 1.801 1.423 1.045 0.999 

Billabong Creek – Aberfeldy 1.656 1.512 1.307 0.800 



WELCOME!!! 

vknoaa@hotmail.com 



Thank you! 


