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Abstract
Environmental authorities in Guatemala have become increasingly concerned in the last decade due to the
deteriorating condition of the Lake Atitlán watershed. The lake has experienced algae blooms that first appeared
in 2009 and now occur almost yearly. The National Aeronautics and Space Administration’s (NASA) SERVIR
Science Coordination Team and scientists at the University of Alabama in Huntsville (UAH) have been working
on an algorithm that predicts algae blooms using satellite data, artificial intelligence, and machine learning.
However, to make the algorithm work consistently, they were lacking data for one important variable: daily
volume of runoff into the lake. Using the Global Streamflow Prediction Service (GSPS) produced by the Group
on Earth Observations (GEO) Global Water Sustainability (GEOGloWS) and the European Center for MediumRange Weather Forecasts (ECMWF), a python script was developed that provides daily forecasted volumes of
water flowing into Lake Atitlán. The availability of this global hydrologic model, accessible for individual rivers
through a web service, allowed SERVIR to fulfill their mission to “Connect Space to Village” by providing access
to knowledge that will help better understand and protect the Lake Atitlán watershed.
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1. Introduction
Lake Atitlán is a pristine endorheic lake in the volcanic highlands of Guatemala. The area has a long history
of volcanic activity; the lake basin is a crater formed by an ancient volcanic eruption, and the lake now sits at the
base of three volcanoes. Because the lake is a popular tourist destination, the economies of the surrounding towns
are heavily dependent on Lake Atitlán. The lake is often renowned as the most beautiful in the world due to its
remarkably clear blue water and stunning views of volcanoes (Gibbens 2018).
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Algae blooms were first seen in Lake Atitlán in December 2008, followed by larger blooms in October 2009
(Rejmánková et al. 2011). Cyanobacteria, or blue-green algae, covered the lake in a layer of green scum as shown
in Figure 1. Cyanobacteria grow quickly when phosphorus and nitrogen are present in elevated levels. In Lake
Atitlán, these nutrients come primarily from sewage and agricultural runoff (Duda 2009). The lake’s watershed
is endorheic, meaning there are no surface outlets, so pollution only accumulates over time and quickly becomes
highly concentrated. An algal bloom returned again in 2015 (“Algal Bloom Returns,” 2015), and blooms have
occurred almost yearly since. Without remediation, the pollution could not only destroy Lake Atitlán’s pristine
beauty but would also threaten the livelihood of the local communities, who rely on the lake as a source of food
and water.

Figure 1. In this simulated-natural-color photo of Lake Atitlán taken by
NASA’s Terra satellite on November 22, 2009, the algae blooms can clearly be
seen swirling across the lake. (earthobservatory.nasa.gov)
In response to growing concerns over the future of Lake Atitlán, researchers at the University of Alabama in
Huntsville (UAH) and the National Aeronautics and Space Administration’s (NASA) SERVIR Science
Coordination Team have been working to use satellite images to understand and address the lake’s water quality.
SERVIR is a joint initiative of NASA and the United States Agency for International Development (USAID) with
the motto “Connecting Space to Village.” SERVIR’s goal is to make satellite data accessible to local communities
where it can be used to solve environment-related problems. As is the case with Lake Atitlán, environmental
© Copyright owned by the authors unless otherwise noted.
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issues deeply affect the livelihood of indigenous people in undeveloped countries, and local leaders often do not
have the knowledge necessary to make informed decisions regarding these issues. SERVIR works to provide
access to data, giving decision-makers the knowledge that they need to understand and address the environmental
issues they face.
SERVIR has been researching the algae blooms in Lake Atitlán since they first appeared in 2009 (FloresAnderson et al. 2020). They are developing an algorithm that predicts when algae blooms will occur using satellite
imagery data, artificial intelligence, and machine learning. This algorithm will aid organizations such as the
Authority for the Sustainable Management of Lake Atitlan Basin and Its Environment (AMSCLAE) and the
Guatemalan Ministry of Environment and Natural Resources (MARN) in developing and implementing solutions
to the contamination problem.
The purpose of this article is to exhibit how a high-resolution Global Streamflow Prediction Service (GSPS)
became a key component in SERVIR’s algorithm. A GSPS produced by the Group on Earth Observations (GEO)
Global Water Sustainability (GEOGloWS) and the European Center for Medium-Range Weather Forecasts
(ECMWF) was used to provide SERVIR scientists with the local streamflow data needed to complete their algae
prediction algorithm. Section 2.0 introduces the technologies used, Section 3.0 outlines the script that was
produced to be incorporated in SERVIR’s algorithm, and Section 4.0 concludes the case study.
2. Methods
To produce a daily algae forecast, SERVIR’s algorithm relies on several input variables, including water
temperature, local weather, and volume of water in the lake. Originally, discharge volume estimates were derived
from the Global Land Data Assimilation System (GLDAS; Rodell et al. 2004). Daily surface runoff data from
GLDAS was used to calibrate the algae bloom forecast model developed by SERVIR and UAH scientists.
However, during the COVID-19 pandemic in 2020, there was a significant delay which paused the generation of
the daily runoff datasets. The only updated dataset was the monthly product, which was unsuitable for the forecast
model. Hence, the Science Team needed to find a suitable runoff dataset to produce useful daily forecasts.

Figure 2. The GEOGloWS ECMWF Streamflow Prediction Service takes
hydrologic modeling from the local scale to the global scale
(https://geoglows.ecmwf.int/about).
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One alternative to GLDAS was to obtain forecasted streamflow data by developing a hydrologic model for the
Lake Atitlán watershed. However, these models are complicated and have high computational costs (Qiao et al.
2019, Souffront et al. 2019). Traditionally, local governments and agencies have developed their own hydrologic
models from global data. This requires every agency to have the funds, software, and computational power to
download global data and then develop and run their own hydrologic model. Replicating this resource everywhere
is expensive in terms of cyberinfrastructure (Souffront et al. 2019). Since Lake Atitlan is endorheic, the watershed
is small and primarily of local concern. This small region does not have the data and capacity to create a local
hydrologic model to accurately provide daily streamflow forecasts in the area.
Souffront et al. (2019) proposed a new approach to hydrologic modeling. They suggested that hydrologic
modeling be done at a global scale, providing local stakeholders with global services and eliminating the need for
each organization to develop their own hydrologic model. This Hydrologic Modeling as a Service (HMaaS)
approach, summarized in Figure 2, makes hydrologic data readily available to anyone with an internet connection.
The GEOGloWS ECMWF Streamflow Service (GESS) is the application of Souffront et al.’s research. The GESS
is a service that provides 15-day forecasted flow and 40-day simulated historical flow on every river in the world.
The forecasts can be accessed through several Tethys web applications developed to visualize the forecasted data
(Figure 3), or through an API (https://geoglows.ecmwf.int/). Using the API, users can automate forecast retrieval
and integrate forecasts into other applications.
Souffront et al. (2019) discuss many challenges that come with making a global hydrologic model. One
challenge is maintaining high enough resolution and accuracy that the global model will still be relevant at the
local level. The GESS uses an ensemble meteorological forecast produced by ECMWF, which is then mapped to
GEOGloWS watersheds using the Routing Application for Parallel computation of Discharge (RAPID) river
routing model (David et al. 2011). The ensembles incorporate the uncertainty around a forecast, while the RAPID
model is able to accurately compute flow from runoff forecast data in large watersheds.
The GESS provided a good alternative when GLDAS stopped producing useful streamflow data for the algae
bloom model of Lake Atitlán. In addition to availability of data at a useful temporal resolution, the GESS offers
higher spatial resolution and accuracy than the GLDAS surface runoff data. The GLDAS data’s spatial resolution
was 0.25°x0.25° (equivalent to 27.5x27.5 km; Li, Beaudoing, & Rodell 2020), while the resolution of the GESS
is 16x16 km (Souffront et al. 2019). Also, since the GESS is based on a 51-member ensemble, the average of
these predictions is likely more accurate than a single prediction.
A python script was developed that retrieves streamflow data from the GESS by accessing the API, providing
SERVIR with the missing discharge data. This solution to provide SERVIR with hydrologic data was only
possible because a global HMaaS that is accurate at the local level was available. Using this python script,
SERVIR was able to develop a solution that will help decision-makers in the Lake Atitlán area. The GSPS
developed by GEOGloWS ECMWF is a powerful service that makes hydrologic data readily available to those
who only have access to the most basic computing tools.
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Figure 3. The GEOGloWS ECMWF Global Streamflow Prediction Service
(GSPS) is incorporated into web applications (top) that provide an interface
to access streamflow data anywhere in the world. The service uses 51 ensemble
predictions (bottom) to convey the uncertainty in a forecasted model.
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3. Results and Discussion
The final outcome of this project was a Google Colaboratory notebook that can easily be shared with
researchers from SERVIR and UAH and integrated into their modeling workflow. The notebook retrieves
streamflow forecasts by accessing the API through the GEOGloWS python package
(https://geoglows.readthedocs.io/en/latest/), which takes a unique identifier for the river and retrieves the
streamflow forecast ensembles for the next 14 days as an array of values (Figure 4).

Figure 4. The GEOGloWS python package is used to retrieve the streamflow
forecast data for each of the three rivers that flow into Lake Atitlán.
Using these data points, the total volume of water entering the lake over a given time period is calculated using
the trapezoidal method of integration as shown in Figure 5. The SciPy integration python package was used to
perform the integration (https://docs.scipy.org/doc/scipy/reference/). This package includes a trapezoidal
integration function that takes streamflow values for each day and calculates the integral on that range of data,
giving total volume of discharge into the lake (Figure 6). The arrays for each of the three separate streams are
then summed to give the total discharge volume for each day.
To verify the outputs calculated using the SciPy function, the integrals were computed manually in Microsoft
Excel. One error that was discovered is shown in Figure 5(b). Before integration, the script separates the data
from the 14-day period into arrays for each day. However, since it doesn’t select the first timestep of the following
day, there was a missing value in the integration for the last timestep of each day. After adding a few lines of code
that added the missing timestep to the array, the outputs of the model were correct. The code that separates the
timeseries into arrays for each day is shown in Figure 7.

© Copyright owned by the authors unless otherwise noted.
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Figure 5. The discharge volume lake can be calculated from streamflow data
using the trapezoid method (a). Because the function only selected data for one
day, it missed the last trapezoid of each day (b).

Figure 6. The arrays are integrated using the integrate.trapz function, and an
array of values is created for each stream. The data shown here is for the
average streamflow; the same process is repeated for the minimum and
maximum predicted values.
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Figure 7. The code that separates the 14-day forecast timeseries into a separate
array of streamflow values for each day in the forecast.
This process is repeated three times, using the minimum, maximum, and average streamflow values from the
GESS, which are derived from the forecast ensembles provided by ECMWF. The final output of the script is three
arrays containing minimum, maximum, and average predicted discharge into Lake Atitlán each day for the next
14 days from the time the script is run.

Figure 8. The script’s output is three arrays for the minimum, maximum, and
average streamflow predictions that contain discharge volume into Lake
Atitlán for each day in the 14-day forecast.
The simplicity of this script testifies to the success of the GESS. Although the model is global and consists of
more than 1.5 million rivers, it is accurate enough to be a powerful tool at a local level. The API service allowed
SERVIR’s Science Team to retrieve data for a relatively small watershed and solve a localized problem. Without
the development of a global hydrologic model as a service (HMaaS), the only option would have been to delay
their project and find the resources to develop and run a hydrologic model of the Lake Atitlán watershed locally.
Instead, they were able to access the already existing global model hosted by ECMWF through a few lines of
code that were easily integrated into their algorithm.
© Copyright owned by the authors unless otherwise noted.
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4. Conclusion
Lake Atitlán, Guatemala is facing a water quality crisis due to toxic algae blooms that first appeared in 2009.
SERVIR is developing an algorithm to model the algae blooms in the lake using satellite data. When their
streamflow data was no longer available from GLDAS, they used the GEOGloWS ECMWF global hydrologic
model because it is easily accessible, doesn’t require them to run their own hydrologic model of the Lake Atitlán
watershed, and is accurate at a high resolution.
Through the development of HMaaS, hydrologic modeling services have become much more readily available.
The GSPS provided by GEOGloWS ECMWF made it possible to write a simple python script that quickly
provided the missing forecasted water volume data for SERVIR’s model. This allows them to provide timely
information to environmental agencies and decision-makers who will determine the future of the lake. SERVIR’s
mission is to make environmental satellite data available to solve local water problems; this project aided them in
fulfilling that mission for the small community of Lake Atitlán.
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