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Outline

Å Study site Rokua introduction

Å Modeling approach to simulate 

GW-SW interaction

ï Features of the selected 

modeling code

ï Model application in Rokua

ï Novel model validation tools

Å Tentative results

Å Discussion



Å An unconfined esker aquifer 

Å Formed during previous glacial 

retreat

Å Recharge area of 90 km2

Å Annual average

ï P 600 mm

ï ET 300 mm

Introduction ïRokua esker aquifer

Å Groundwater 

dependent lakes

ï Periodical water level 

decline



Modelling objective : groundwater - lake 

interaction

Å Rokua Case : Two 

different types of lakes

TYPE 1 

- No outlet

- Oligotrophic water quality

- Variable water table

TYPE 2 

- Stream outlet

- Eutrophic water quality

- Steady water table

Å Often neglected, recently of increasing interest

Å Role of groundwater in lake and wetland hydrology

Å Groundwater dependent ecosystems



Modelling objective : aquifer - lake 

interaction research questions

Simulate for the lakes in the area:

1. lake level variability

2. lake water balance

3. location of GW inflow to lakes



Modeling approach - HydroGeoSphere

Å òNew generationò of groundwater 

modeling

Å Fully coupled between GW 

unsaturated and SW flow domains

Å Finite element model

Å Similar codes: Gsflow, Mike-SHE, 

OpenGeoSys

Å Can account for 
- groundwater flow

- solute transport 

- unsaturated flow 

- surface water flow 

- evapotranspiration

- heat transport

- soil freeze/thaw 

- snowmelt 

- ...

Fig: Aquanty Inc.



Data collected

MODEL CONSTRUCTION :

Standard climate data

- 1961 - > today

Model bottom and top boundaries

- boreholes and geophysics

- DEM

Borehole stratigraphy and soil 

samples

- K estimates from grainsizes

- Pressure ïsaturation curves

- Peat depth

MODEL CALIBRATION / 

VALIDATION : 

Stream flow measurements

- ~20 locations

- Three years

GW heads

- ~20 locations

- Three years continous

Lake levels

- 7 lakes

- Three years continous

Water samples 

- Stable isotope samples

Areal thermal imaging

- Water surface temperature

Finite element mesh

- 70 000 nodes

- 117 000 elements

- 5 vertical layers

- Two soil types

- Peat (green)

- Sand (brown)



Novel model validation tools (1)

Å Stable water 

isotopes

ï Enrichment of heavy 

water isotopes (18O 

over 16O)  in lakes 

caused by evaporation

ï Lake water balance 

based on isotopic 

composition

ï Water fluxes between 

lakes and groundwater

ï Comparison to 

simulations

Fig and Data: Elina Isokangas


