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INTRODUCTION
The GEOGloWS ECMWF Streamflow Services (GESS) is a Global Streamflow Prediction Service that uses the ECMWF
ensemble meteorological forecasting system, which uses 51 members with a spatial resolution of 18 km for the first 10 days
(days 1 – 10), and 36km for the next five days (days 11 to 15). This ensemble is converted to surface runoff using the
Hydrology Tiled ECMWF Scheme for Surface Exchanges over Land (HTESSEL) model. Finally, an area-weighted grid-to-
vector downscaling is performed for the runoff. GESS computes this cumulative runoff volume at each time step as an
incremental contribution for each sub-basin. The Routing Application for Parallel computation of Discharge (RAPID) model is
then used to route these inputs through the stream network (Qiao et al., 2019; Snow et al., 2016). As with the original
forecast, the HTESSEL model is used to compute the runoff based on the ERA-5 precipitation data. After that, the calculated
runoff is routed using RAPID. Next, this streamflow values are used as a historic simulation that determine flood return
periods for stream reaches (Sanchez Lozano, et al., 2021). These model services are available in almost every river in the
world.

Figure 1. GESS Historic Streamflow Simulation for Reach ID 9009027.

Figure 2. GESS Forecast Simulation for Reach ID 9009027 (Launched on July 9th, 2021).

Figure 3. GEOGloWS Global Streamflow Services World Regions (Sanchez Lozano, et al., 2021).

MATERIALS AND METHODS
We compared observed data with simulated forecasts for three different flood events in three different places in the world to
determine the GESS forecast perform. The events validated were:
• Hurricane Florence in South and North Carolina (USA) – September 2018
• Hurricanes Eta and Iota in Honduras – November 2020
• Rain season for the Ayalon River in Israel - November 2020 to January 2021

To validate any flood event, we need:
• The set of reach_ids which we want to use for the analysis.
• The observed streamflow during the flood event corresponding to the set of reach_ids.
• The record of forecasts starting (at least) 15 days before the flood event to (at least) a couple of days after the event was

finished.

RESULTS
Step 1: Connect Gauging Stations and the GESS Stream Network.
• Identify the reaches where the high event occurs.
• Select the reaches where observed streamflow data is available.
Figure 4 shows the location of the stations and reach_ids used in the validation for the events mentioned previously.

(a)                                                                                                (b)

(c)
Figure 4. Stations and Streams for Validate the GESS Forecast in (a) Hurricane Florence in South and North Carolina (USA), (b) 

Hurricanes Eta and Iota in Honduras, and (c) Rain season for the Ayalon River in Israel.

Step 2: Get forecast record
With the identified reach_id’s we can use the GESS REST API to get the forecasted values for the 45 previous days.
• To get the low resolution 51 ensemble members:

o https://geoglows.ecmwf.int/api/ForecastEnsembles/?reach_id={reach_id}&date={YYYYMMDD}&ensemble=1-
51&return_format=csv

• To get the high-resolution ensemble member:
o https://geoglows.ecmwf.int/api/ForecastEnsembles/?reach_id={reach_id}&date={YYYYMMDD}&ensemble=52&return_f

ormat=csv

Step 3: Compare observed data with forecasts
Figure 5 shows that the model is capturing an event, but the timing and magnitude is off. This is because the model does not
account for flood control (such as retention basins), so the flow is delayed, and the peak is reduced.

Figure 5. Forecast Examples in each Station in Wacammaw River showing Hurricane Florence in South and North Carolina (USA).

Figure 6 shows that the forecast captured the flood event with 5 days in advance.

Figure 6. Forecast Examples in each Station in El Cajon Reservoir inputs showing Hurricane Iota in Honduras.

Figure 7 shows there are three events. Although the model did not capture the magnitude of the events, it did show that an
event would occur.

Figure 7. Forecast Examples in each Station in Ayalon River showing the end of the rainy season in Israel.
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.

Step 5: Comparing days-in-advance forecasts with observed data
Figure 8 shows that the model captures the flood event on the Waccamaw river 3 days, 4 days, and 8 days in advance.
However, we can also see the effect of the retention basin on the observed streamflow.

Figure 8. 3, 4, and 8 days Forecast in Wacammaw River showing Hurricane Florence in South and North Carolina (USA).

Figure 9 shows the flood events during the Eta and Iota hurricanes in Honduras. The model captures the first two main
events with 5 days in advance. However, there was a third localized peak that was not captured.

Figure 9. 5 days Forecast in each Station in El Cajon Reservoir inputs showing Hurricanes Eta and Iota in Honduras.
Figure 10 shows that the model has captured the flood events at the Ayalon Airport station in Israel, even if the magnitude is
not accurate. Additionally, we can see that observed data had an order of magnitude greater than the forecast at the Ayalon
Ezra station, just 9km (5.6 miles) downstream of the Ayalon Airport station. This is because there are high-intensity localized
storm that the model is not able to capture.

Figure 10. 5 days Forecast in each Station in Ayalon River showing Rainy Season in Israel.

CONCLUSIONS
• The GESS forecast can capture high flood events with at least 5 days in advance. Unfortunately, the model cannot

capture:
o The flow regulations made by the hydraulic structures (i.e., Waccamaw River in United Stated of America).
o High floods due to local High-Intensity Precipitation Events (i.e., Ayalon River in Ezra)

• A set of Google Colabs have been written to repeat the process described from step 2 to step 5.
• These results are very useful for decision makers to evaluate the GESS forecast just after a high flood event occurs.
• The described work applied in different geographic places will help us to understand the strengths and limitations for the

GESS model.
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