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Introduction 

droughts in the Carpathian Basin: 
 increase in frequency 
 increase in intensity 

lack of objectively obtained hydrologic 
data (i.e. evaporation, runoff, infiltration, 
subsurface storage) 
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 solutions: 
measurement devices ($$$) 

hydrologic modeling 
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Aims 
Three models were chosen to calculate hydrologic parameters 
Budyko, HEC-HMS, MIKE SHE 
 
The questions are: 
1. Based on available climatic and geographical data, how the models estimate surface 
runoff over the studied catchment? How accurate the modeled parameters are? Which 
model results fit best to measured control values? 
 
2. How much water leaves the catchment due to surface runoff and drainage? 
How much water can evaporate or infiltrate over the catchment?  
 
3. What conclusions can be made about the results of hydrologic modeling? 
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Methodology 

Empirical models 

Calculation is based on 
theoretic and statistically 
determined correlations 

Conceptual (physical) 
models 

Calculation is based on 
the laws of physics  

Hydrologic model 

Spatially distributed 

Spatially concentrated 

BUDYKO 

BUDYKO 

HEC-HMS 

MIKE SHE 
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Studied catchment – Fehértó-majsa canal 
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Budyko model 

spatially distributed variant 

flow accumulation calibration parameter mean annual temp. annaul precipitation 

R = P*exp[-B*(36400*T*P-1 + 104)] 

R T B=α/Rmean 
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Budyko model 

runoff rating description α 

very poor cell is distant from drainage canals, forest 2.9 

poor ploughland, but no canal in cell 2.8 

medium ploughland with canal in cell 2.7 

good there is a remarkable canal in the cell 2.5 

very good several canals in cell 2.4 

perfect urban area with canals 2.3 

Proposed α values determined by geographical conditions (Keve-bƻǾłƪȅ 2009) 
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Budyko model 
Annual runoff calculations were based on two time series: 
 
1. Yearly precipitation and temperature values 
2. Ten-year mean precipitation and temperature values (proposed by Keve-Nováky 2009) 

year precipitation [mm] mean temp. [°C] α 

1990 405 11,6 2,7 

1991 636 10,3 2,7 

1992 477 11,6 2,7 

1993 434 10,7 2,7 

1994 413 12,2 2,7 

1995 591 10,6 2,7 

1996 572 9,5 2,7 

1997 542 10,1 2,7 

1998 602 10,9 2,7 

decade precipitation [mm] mean temp. [°C] α 

1990-1999 553 10,8 2,4 

1991-2000 542 10,9 2,4 

1992-2001 546 11 2,4 

1993-2002 541 11 2,4 

1994-2003 545 11 2,4 

1995-2004 574 10,9 2,4 

1996-2005 587 10,9 2,4 

1997-2006 587 11 2,4 

1998-2007 583 11,2 2,4 

average values → lower errors 
more accurate model??? 
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HEC-HMS model 

Spatial distribution based on: 
Å subcatchments 
Å dendrical water network 
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HEC-HMS model 
Problems: 
There is no detailed manual about calculation methods. 
Sufficient literature is not available.  
 
Numerous input parameters required… 
…without reference values (i.e. Soil moisture parameters, infiltration, evaporation) 

Lack of input data suitable for simulation runs. 

Simplification 
(Accuracy…) 
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MIKE SHE model 

αNo other tool or combination of tools can match MIKE SHE in 
terms of seamless integration of all the important processes of the 
hydrologic cycle at catchment scale.έ όwww.mikebydhi.com) 

Å Integrated modeling of hydrologic processes 
Å Optionally detailed sub-processes 
 (can ignore unknown or deficient data) 
 
Å Dynamic feedback – effects of sub processes on 
 each other are measurable 
(such as groundwater and runoff  correlations etc.) 

being assembled! 
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Results of Budyko modeling 
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Results of Budyko modeling 
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Results of Budyko modeling 

Sensitivity analysis of α parameter  
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α parameter is rainfall dependant!  

y = 0.0031x + 0.9254 
R² = 0.3274 
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Conclusions of Budyko modeling 

Strenght: 
Å The Budyko model’s strenght is its simplicity 
 only yearly precipitation and tempreture data is necessary 
Å The calibration of the varying catchment parameter is fast and easy with regressions 
Å At larger temporal scale, the model gave reasonable results 
 
Weakness: 
Å No stored water quantity can be estimated (only evaporation is took into consideration) 
Å Modeled annual runoff values are pressed with high errors 
Å There is no notable correlation between annual rainfall and rate of errors 
Å Spatial distribution is defined by the modeler (α parameter varies more than precipitation) 
 
Highlights:  
Å Annual runoff can not be described by only rainfall and temperature data 
Å Subsurface infiltration and storage can be even more significant process 
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Preliminary results of HEC-HMS modeling 

Model #1: 
Å no evaporation 
Å no infiltration 
Å no water storage 

Å discharge rate = 10-20 x 
measured! 

Å very high and short peaking of 
flood waves 

Å no water retention 

Model #2: 
Evaporation and storage calculations 
require unknown high resolution soil data 
 
Å No way of in-model simplifications 

 
Å evaporation 
Å runoff coefficient 
 

Calculated in excel 
Å reduced rainfall 

Å reduced runoff 

watershed geometry??? 
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Preliminary results of HEC-HMS modeling 

Watershed geometry 
Å Only area is took into consideration 
Å No slope and runoff concentration is counting 
 
Calibration possibilities: 
Clark unit hydrograph transform method 
 time of concentration (hrs) 
 storage coefficient (hrs) 
 
 
Time of concentration = 192 hrs 
Storage coefficient = 384 hrs semi-empirical model 
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Preliminary results of HEC-HMS modeling 
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Preliminary results of HEC-HMS modeling 
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Preliminary results of HEC-HMS modeling 

0

0.5

1

1.5

2

2.5

3
2

0
1

2
.0

1
.0

1

2
0

1
2

.0
1

.2
2

2
0

1
2

.0
2

.1
2

2
0

1
2
.0

3
.0

4

2
0

1
2

.0
3

.2
5

2
0

1
2

.0
4

.1
5

2
0

1
2

.0
5

.0
6

2
0

1
2

.0
5

.2
7

2
0

1
2

.0
6

.1
7

2
0

1
2

.0
7

.0
8

2
0

1
2

.0
7

.2
9

2
0

1
2

.0
8

.1
9

2
0

1
2

.0
9

.0
9

2
0

1
2

.0
9

.3
0

2
0

1
2

.1
0

.2
1

2
0

1
2

.1
1

.1
1

2
0

1
2
.1

2
.0

2

2
0

1
2

.1
2

.2
3

d
is

ch
ar

ge
 (

m
3 /

s)
 

2010 
measured control discharge

modeled discharge



http://wahastrat.vizugy.hu/ 

(WAHASTRAT HUSRB/1203/121/130) 

Preliminary results of HEC-HMS modeling 
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Preliminary results of HEC-HMS modeling 
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Preliminary results of HEC-HMS modeling 

R² = 0.4394 
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Preliminary results of HEC-HMS modeling 

R² = 0.0415 
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„Pre-conclusions” 

Å The HEC-HMS model gives reasonable but not accurate runoff values over certain periods 
 (accuracy is suitable only for tendency analyses) 
 
Å Accuracy greatly decreases during, or after drought events 
 
 
 
Å Subsurface storage significance is confirmed 
 
The simulation ran in a semi-empirical way 
Å evaporation, soil moisture and groundwater conditions must set properly 
Å gridded data also needed 

Further investigations on model components and imputs are necessary 
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