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3…2 Points

1. What kind of science, we need for 
W3M?

4. What kind of hydrological modeling 
would give functional insight?
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Overview

1. Remark on modeling
2. Upper Biebrza and hydrological 

character
3. Model concepts and 

application
4. Model integration and possible 

feedback

Point 1

Point 2
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Physics 
Today, 2002

Remark on modeling

•Batelaan, O., 2004, Synthesizing 
hydrology and ecology: suggestions 
and some examples. In WETHYDRO…
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1st Point

1. What kind of science, we need for W3M?

Embrace science of place: try to understand 
very specific environments, then it is 
possible to go from pattern to process to 
generalizations
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Study area

60 000 
ha

Upper-Biebrza: 843km2
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Low flows at Sztabin

Sztabin
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Time series at Sztabin

• Significant increasing trend of yearly low flows 
• Significant jump in the discharge 1972-1973
• Interpretation: drainage engineering works in 

Biebrza catchment in beginning of 1970ties 
increased drainage of water from river (valley), 
resulting in an increase in low flows

• No significant observed change in average 
discharge. Maximum discharge has a small 
significant decreasing trend.
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Interaction spatially complex

Agriculture

Discharge area

Recharge 
areas

Discharge area

Recharge 
areas

Natural system

Effects of landuse
Urbanisation

Groundwater
abstraction
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Rogozynek gw-sw 
interaction
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•1/3 of time infiltration conditions
•2/3 of time exfiltrating conditions
•Exfiltration is -4.3 cm/d
•Infiltration 4.6 cm/d

In-   exfiltration

•For ecohydrological 
process understanding 
it is highly needed to 
couple surface-
groundwater interaction
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Model concepts

Hydraulic models 
(Verhoeven, Miroslaw-
Swiatek)

WetSpa, Rainfall-
runoff distributed 
model

Groundwater model
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WetSpa – Model Concept

Groundwater flow
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Digital Elevation Model
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Land use map
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• 39 % sandy clay loam
• 19 % clay loam
• 13 % sandy loam

Soil type map
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WetSpa simulated 
hydrograph
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Model evaluation

0.768 -0.107 0.732 0.717 0.015

C5C4C3C2C1

C1: Model bias (0-1, optimum 0)
C2: Model confidence (0-1, optimum 1)
C3: Nash-Sutcliffe efficiency (optimum 1)
C4: Nash-Sutcliffe efficiency for low flow (optimum 1)
C5: Nash-Sutcliffe efficiency for high flow (optimum 1)

Performance is satisfactory for water balance 
simulation and spring flood prediction, 
however not for low flow situation. 

Too little non-linearity and spatial 
subsurface heterogeneity taken into 
account in baseflow generation
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8 Glaciations in 1Ma…

Ber (2005)

Ice-pushed moraines
Coarse sand with boulders

Ice-pushed and 
glacial structures
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Recharge: morenic plateaus
GW discharge feeds peat in 
Biebrza and Augustow plain

Results: Groundwater 
Discharge Modeling

A

A’
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Model integration

Brandmeyer and Karimi (2000) 

       One-way data transfer

        Loose coupling

Shared coupling: single 
GUI and separate data storage

     Joined coupling

     Tool coupling

WetSpa

Avenue

FORTRAN Subroutines

MODFLOW

FORTRANFORTRAN

Visual Basic Graphical InterfaceArcView

Base flow

Recharge
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Coupled baseflow
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Conclusion: 2nd Point

1. What kind of hydrological modeling would give 
functional insight?

Relatively simple, mechanistic but integrated 
surface-hydraulic-groundwater model, which 
should enable us to learn e.g. about feedback.


