
Calibration of watersheds defined by SMHI stream gauging
sites.
The GWLF hydrologic model was calibrated using a multi-step calibration procedure that can
be executed from within the Vensim (https://vensim.com/) modeling software that was used
to create the GWLF hydrology model. We looked for all SMHI measured discharge data
within the Mälaren watershed that had a reasonable overlap with the ISIMIP3a
meteorological data (1961-2019) that was used to force the historical simulations. The
availability of these data allowed model calibration using objective functions that compared
the simulated and measured stream discharge. In total we found 21 stream gauges and their
associated watersheds that could be used.

Figure 1 Gauged watersheds used for calibration of the GWLF hydrologic model

Nine model parameters were calibrated which influenced the overall water balance, the
seasonality of stream flow, and the inputs of surface and sub-surface flow to the streams.
The results of the calibrations are shown below.

Table 1 Calibrated model parameters Shaded blue are at maximum or minimum of allowed
range of variation

https://vensim.com/


In general the results are quite satisfactory All basins have high NSE and KGE values
(statistics of model fit that at best are 1.0) when considering simulations of daily discharge.
Furthermore, although there is some variability in the parameter values between basins.
This is not extreme, suggesting that relatively consistent sets of parameters can be obtained
that represent the physiographic characteristics of the sub-basins making up the greater
Mälaren basin. There were however, some cases (blue shading) where the calibrated
parameter values were at the top or bottom of the allowed range of variation. We will
investigate this further, but given the high NSE KGE values this first set of calibrations in
clearly sufficient for estimating the water inputs to Mälaren.

We also checked for correlation between the measured parameters values and the area of
total sub-basin and the major land use areas in each sub-basin.

Table2 Correlation between model parameters, basin area and land use area

These results did show correlations between watershed areas and land use areas , but no
strong correlation between watershed size or land use area and the other model
parameters. This is somewhat surprising since we expected that watershed size might affect
the damping of stream flow and the shape of the hydrograph, particularly in regards to the
channel flow coefficient which effects the retention and draining of water from the channel
network, and the CN Adj coefficient that effects the magnitude of surface runoff. Apparently it
is the factors that affect sub-surface processes that are most important in controlling the
timing and magnitude of discharge in these large sub-basins. With this in mind, we made no
attempt to adjust the parameter values obtained from a gauged sub-basin to the larger area
of a major river inflow.



Major basin parameters

Even though there is no strong correlation between parameters it does appear that the best
results for a particular basin are obtained from a basin specific set of parameters - an
assumption that could be further tested. For now, we have simply used the sub-basin
parameters associated with each major river basin for simulations of that river basin under
present and future climate conditions.
Figure 2 Major river basins that provide input to Mälaren and will be simulated with GWLF

For cases where there are more than one sub-basin in a major river basin we choose the
sub-basin parameters considering in Table 1

The choice of which sub-basin parameters are applied to each major river basin are shown
below in table 3.

NSE KGE values
The size of the sub-basin relative to the size of the entire basin
The consistency of the parameter values with the total parameter set shown in Table 1.
The such chosen sub-basin in marked in yellow in table 1.



Table 3 Paramter set assigned to major river basins in Mälaren watershed

I the few cases where there were no gauged sub-basins in a major basin we chose a
parameter set from a near by gauged basin that had land use that had similar land use
proportions. In two cases we are still need to define a parameter set for the GWLF model.
Eskilstunaån which is the outflow of lake Hjälmaren and strongly effected by the lake, and
the ungauged area not covered by any of the major river basins in Figure 2.

Final results

Below are graphs that show the final results of of the simulated and measured discharge on
a daily and monthly time step. These are for all major basins ,except Eskilstunaån and the
ungauged area.






