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The Wetspa Model - IntroductionThe Wetspa Model - Introduction
  What? What? 

A distributed parameter GIS-based precipitation-runoff A distributed parameter GIS-based precipitation-runoff 
modelmodel
  + phosphorus transport module+ phosphorus transport module

  Aim?Aim?
  Flood predictionFlood prediction
  Scenario analysisScenario analysis

•  Land use changeLand use change
•  Climate changeClimate change
•  River restorationRiver restoration
•……

  Phosphorous load prediction in riversPhosphorous load prediction in rivers
  Applications?Applications?

  Locations: Europe, Asia, America, AfricaLocations: Europe, Asia, America, Africa
  Scale: watersheds 100 kmScale: watersheds 100 km22 – 10.000 km – 10.000 km22

     



  

Groundwater flow

Infiltration

Percolation

Recharge

Impervious Pervious

Precipitation Evapotranspiration

Initial losses

Root zo
ne

Tran
sm

itio
n zo

ne

Satu
rat

ed zo
ne

Surface runoff

Interflow

Time

Fl
ow

Surface runoff Qs

Interflow Qi

Groundwater flow Qg

Q = Qs + Qi + Qg

Wetspa ConceptWetspa Concept



  

Surface Runoff RoutingSurface Runoff Routing
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Wetspa Application 1Wetspa Application 1  Hornad-Margecany (SK)Hornad-Margecany (SK)

Margecany

Jak lovce

Zdana

#

#

#

Ruzin reservoir

Elevation (m)
332 - 468
468 - 604
604 - 740
740 - 876
876 - 1012
1012 - 1148
1148 - 1284
1284 - 1419
1419 - 1555

Stream network
Boundary Margecany
Boundary Hornad

N

EW

S
0 10 20 km

Terrain features and resolution:Terrain features and resolution:

    Drainage area: 1130 kmDrainage area: 1130 km22, mean elevation: 670m, mean slope: 18%, mean elevation: 670m, mean slope: 18%
    Winter season: Nov. – Mar., mean annual precipitation: 640 – 1000mmWinter season: Nov. – Mar., mean annual precipitation: 640 – 1000mm
    Cell size: 100x100m, Time step: 1 day: Data: 1991 - 2000Cell size: 100x100m, Time step: 1 day: Data: 1991 - 2000



  

Hornad-Margecany - InputHornad-Margecany - Input
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Landuse

Landuse
Crop
Grass
Needle Forest
Broad Forest
Urban Area
Open Water

0 5 10 km

Topography

Slope (%)
0 - 1
1 - 4
4 - 8
8 - 13
13 - 19
19 - 26
26 - 34
34 - 43
43 - 53
53 - 64
64 - 76
76 - 89
89 - 106

Mean = 18 %



  

Parameter Derivation Parameter Derivation Hornad-MargecanyHornad-Margecany

Potential runoff Coefficient
0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Flow time (h)
0 - 5
5 - 10
10 - 15
15 - 20
20 - 25
25 - 30
30 - 35
35 - 40
40 - 45
45 - 50

Mean = 0.43

Mean = 24 h



  

Results –Results –  Discharge & Water Balance Discharge & Water Balance 
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Results – Surface Runoff ProductionResults – Surface Runoff Production
Runoff (mm)

High : 1.49  

Low : 0

Runoff (mm)
High : 0.79  

Low : 0
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High : 30.9  

Low : 0
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High :20.4  

Low : 0
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High :0  

Low : 0
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Low : 0
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Low : 0
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High : 0  

Low : 0
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High : 0  

Low : 0

Runoff (mm)
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Low : 0
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Low : 0
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Low : 0



  

Landuse Scenarios Landuse Scenarios Hornad-MargecanyHornad-Margecany
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Landuse %
Agriculture 22.77
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Urban area 1.82
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A. 30%Urban,52% Agriculture
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Agriculture 34.69
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Landuse Scenarios - Landuse Scenarios - Hornad-MargecanyHornad-Margecany

0

20

40

60

80

100

120

17-Jul-01 21-Jul-01 25-Jul-01 29-Jul-01 2-Aug-01

S
im

ul
at

ed
 d

is
ch

ar
ge

 (m
3  s

-1
)

0

2

4

6

8

10

Pr
ec

ip
ita

tio
n 

(m
m

 h
-1

)Precipitation
current landuse
urbanisation
afforestation



  

Wetspa Application 2Wetspa Application 2  – Zagyva (HU)– Zagyva (HU)

Terrain features and resolution:Terrain features and resolution:

    Drainage area: 4149 kmDrainage area: 4149 km22

  Mean elevation: 220 m, mean slope: 5.2 %Mean elevation: 220 m, mean slope: 5.2 %
  Mean annual precipitation: 470 – 700 mmMean annual precipitation: 470 – 700 mm
Mean annual PET: Mean annual PET: 1141 mm1141 mm
    Cell size: 100x100m, Time step: 1 hour: Data: 3-5/2000Cell size: 100x100m, Time step: 1 hour: Data: 3-5/2000



  

Zagyva (HU) - InputZagyva (HU) - Input
Landuse area %

Agriculture 50.8
Deciduous and mixed forest 30.0
Pasture 9.4
Natural Grassland 4.7
Vineyard 1.7
Urban area 1.5
Coniferous forest 1.4
Surface water 0.3

Soil type area %
Silt clay loam 48.6
Loam 35.1
Sand 9.5
Clay 4.4
Sandy loam 2.3

Area = 4149 km²



  

Mean = 5.2 %

Zagyva – Parameter DerivationZagyva – Parameter Derivation

Mean = 0.41
Mean = 32.6 
h



  

Zagyva - ResultsZagyva - Results

C1 = 0.004
C3 = 0.802
C5 = 0.900 



  

Zagyva – Landuse ScenariosZagyva – Landuse Scenarios
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Zagyva – Landuse Scenarios (2)Zagyva – Landuse Scenarios (2)

Zagyva - Simulated Discharge Scenario
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Wetspa Application 3Wetspa Application 3 –  – Lapus (RO)Lapus (RO)

Terrain features and resolution:Terrain features and resolution:

    Drainage area:  1878 kmDrainage area:  1878 km22, mean elevation: 541 m, mean slope: 20 %, mean elevation: 541 m, mean slope: 20 %
    mean annual precipitation: 700 – 1000 mmmean annual precipitation: 700 – 1000 mm
    Cell size: 50x50m, Time step: 1 day: Data: 1999 - 2000Cell size: 50x50m, Time step: 1 day: Data: 1999 - 2000



  

Lapus - InputLapus - Input



  

Measured vs Simulated Q - Lapus catchment

0

100

200

300

400

500

600

28
/1

1/
19

99
12

/1
2/

19
99

26
/1

2/
19

99
9/

01
/2

00
0

23
/0

1/
20

00
6/

02
/2

00
0

20
/0

2/
20

00
5/

03
/2

00
0

19
/0

3/
20

00
2/

04
/2

00
0

16
/0

4/
20

00
30

/0
4/

20
00

14
/0

5/
20

00
28

/0
5/

20
00

11
/0

6/
20

00
25

/0
6/

20
00

9/
07

/2
00

0
23

/0
7/

20
00

date

D
is

ch
ar

ge
 Q

 (m
3  s

-1
), 

Te
m

p 
(°

C
)

0

2

4

6

8

10

12

14

16

18

20

Pr
ec

ip
ita

tio
n 

(m
m

 d
-1

)

Precipitation
Q(measured)
Q(simulated)
Temperature (°C)

Lapus – Results (daily)Lapus – Results (daily)
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Lapus – Landuse ScenariosLapus – Landuse Scenarios
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Measured vs Simulated Q - Lapus catchment
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ConclusionsConclusions

• The model adequately takes into account GIS and remote-The model adequately takes into account GIS and remote-
sensed  data for flood predictionsensed  data for flood prediction

• Calculations are simplified by making use of GIS toolsCalculations are simplified by making use of GIS tools

• Simulation results and measurements compare favourablySimulation results and measurements compare favourably

• The model can be used to evaluate the effect of land use The model can be used to evaluate the effect of land use 
changes (and other scenarios) on flood generationchanges (and other scenarios) on flood generation

• Land use change only will not suffice as a flood protection Land use change only will not suffice as a flood protection 
measuremeasure

• Even drastic land use changes result in moderate peak Even drastic land use changes result in moderate peak 
reductionreduction

• Quality and resolution of time series data greatly influences Quality and resolution of time series data greatly influences 
model efficiency and analysis possibilitiesmodel efficiency and analysis possibilities
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