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INTRODUCTION
Sanchez Lozano, et al., (2021) evaluated the GEOGloWS ECMWF Streamflow Services (GESS) historical simulation finding
that in most of the places the model present biases due to the model forcing and the human interventions. Figure 1 shows the
Kling-Gupta Efficiency Coefficient (2012) for the historical simulation in Colombia, Brazil, Peru, Dominican Republic, and
Australia. Kling-Gupta efficiencies range from -∞ to 1. Essentially, the closer to 1, the more accurate the model is. Red dots
represent negative values and green values represent positive values. Therefore, as greener is the point better the results of
the historical simulation are. Results suggest that for most of the places the historical simulation is not very accurate.

Figure 1. KGE-2012 error metric computed for the difference between the original historical simulation and the observed data for Australia, Brazil, 
Colombia, the Dominican Republic, and Peru.

Decision-makers are rightfully concerned about the accuracy and uncertainty of hydrologic model predictions. Results, as
with any model, do not need to be perfect, but they need to be reliable and accurate enough to give decision-makers
confidence to use them. Therefore, a bias-correction methodology based on Farmer et al. (2018) is proposed to improve the
results of GESS on the local scale.

Figure 2 shows the bias correction methodology applied. For every month in observed and historic simulated time series, we
calculate the flow duration curve. After that, in a single month, we can estimate the non-exceedance probability of every
simulated value. Therefore, we can estimate the observed streamflow value that corresponds to that non-exceedance
probability. Finally, we convert the simulated value by replacing it with the equivalent observed streamflow to the same non-
exceedance probability.

Figure 2. Bias correction methodology we developed for the GESS historic simulation, based on Farmer et al. (2018).

We applied the previously described methodology for the different gauging stations in Colombia, Brazil, Dominican Republic,
and Australia. For all the case studies we can see an improvement in the bias-corrected historical simulation as documented
by the KGE-2012 metric (See: Figure 3). These results are encouraging and suggest that this bias correction implemented
can be used to locally improve forecasts where historical observations are available. Figure 4 describes the applied
methodology for correct the bias for the GESS short term forecast.

Figure 3. KGE-2012 error metric between the bias-corrected historical simulation and the observed data for Australia, Brazil, Colombia, the Dominican 
Republic, and Peru.

Figure 4. Plots showing data corrected using the correction methodology we developed for the GESS forecast..

MATERIALS AND METHODS
We compared the forecasted data and bias corrected data from 1/1/2014 to 12/31/2019 with observed streamflow data for 45
stations in Colombia using the high-resolution forecast ensemble member and the ensemble mean. To validate the forecast
values, we need:
• Forecast files from 1/1/2014 to 12/31/2019
• Historic Streamflow Observations.
Tables 1 and 2, show how the forecast data is reorganized to show the one-day forecast, two-day forecast, etc.

RESULTS

Figure 5 compares KGE 2012 values of the historical simulation before and after bias correction.

Figure 5. KGE-2012 error metric for the historical simulation before and after the bias correction.

Figure 6 shows the KGE 2012 values for the forecast initialization results before and after the bias correction. We can see
that there is an improvement in most of the stations. However, a few stations do get worse.

Step 4: Re-organize the forecast data
Figures 5, 6, and 7 showed the original forecast with observed data. In order to know how many days in advance the forecast
is reliable, we must reorganize the data. Tables 1 and 2, show how the forecast data is reorganized to show the one-day
forecast, two-day forecast, etc.

Figure 6. KGE-2012 error metric for the forecast initialization before and after bias correction.

Figure 7 shows the KGE 2012 values for the high-resolution forecast ensemble member for each day in advance. We see
that for every day in advance, the bias correction improves accuracy for most stations.

Figure 7. KGE-2012 error metric for the high-resolution forecast ensemble member before and after bias correction for each day in advance.

Figure 8 shows the KGE 2012 values for the ensemble mean for each day in advance. We see that for every day in advance,
the bias correction improves accuracy for most stations.

Figure 8. KGE-2012 error metric for the forecast ensemble mean before and after bias correction for each day in advance.

CONCLUSIONS
• We demonstrate that the streamflow bias correction method resulted in a useful way to use the results of a global model in

a local scale.
• The bias correction generally improves the historic and forecast streamflow simulations.
• It provides local corrections that are an important element of local planning and decision making.
• We need to work in metrics that summarize the performance of the ensemble forecast instead of the mean of the

ensemble and the high-resolution ensemble member.
• Additionally, to evaluate the performance of the model, it would be important to evaluate how well the model does in its

developing objective to “produce flood warnings”.
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