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Abstract
Within the decision-making process in basins, the water balance requires readily available
information and decision tools to accelerate courses of action. The rational starting point in basins
is the water balance since it quantifies the basin’s potential to produce runoff. Most climate and
hydrological information is dispersed and in many formats, which makes the process of analyzing
the water balance more difficult and slower. The present code, written in JavaScript, was developed
during 2024-2025, in the context of a fiscal project of the National Institute of Forestry, Agricultural
and Livestock Research. The ACUAC is designed for use on the Google Earth Engine platform and
is focused on hydrological analysis using various data sources. It allows the user to visualize and
calculate the water balance for the selected basin based on precipitation, evapotranspiration, and
runoff data. The results are presented as graphs and tables, which can be downloaded or edited.
The user-friendly interface makes it easy to use and it is very intuitive.
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Introducon
Water is a crucial element for life that defines human wellbeing. In the face of climatic vicissitudes
driven by human actions, the uncertainty in water availability is increasingly notorious, as evidenced
by the situation of reservoirs and aquifers in the country and worldwide (Gleick, 2014; UN, 2020).
In this situation, the options for mitigating, preventing, and designing courses of action involve
knowledge of the water balance of the basins, considering them as the fundamental unit for planning
water availability.

The water balance allows us to assess the amount of water available at a given time and
basically constitutes the count of what enters and leaves a control point, which is essential for
the efficient management of water resources. The variables involved in the water balance include
precipitation, evapotranspiration, and surface and groundwater runoff, which, when quantified, offer
a comprehensive view of the water cycle in a basin (Lijuan et al., 2011; Rodell et al., 2018).

This work aims to present an approach to calculate the basin’s water balance using data
from different satellite sources. Through the integration of CHIRPS (precipitation), MODIS
(evapotranspiration) and GLDAS (runoff) information, an interactive tool is created on the Google
Earth Engine (GEE) platform, which allows calculating and visualizing the monthly water balance
values. GEE is a platform that stores and analyzes information distributed across space, allowing
the analysis of large volumes of geospatial and satellite data (Schroeder et al., 2014).

Its algorithm is in ‘the cloud’, with its main advantage being access to a vast collection of satellite
images and geospatial data, along with advanced analytical tools to perform modeling processes
and as an aid to decision-makers in different aspects of natural resources (Gorelick et al., 2017).
The combination of these satellite products has proven to be effective for large-scale water balance
quantification, particularly in regions where meteorological stations and field data are limited (Hao
et al., 2021; Jiménez et al., 2022; Quintana et al., 2023). Location, surface status, and precipitation
are defining aspects of a basin’s capacity to produce runoff (Velásquez et al., 2017; Li et al., 2022).
Water balance is crucial for environmental management studies, water resources planning, and
understanding the impact of climate change on the water systems of the selected regions.

Materials and methods

Satellite imagery and databases
CHIRPS (precipitation). UCSB-CHG/CHIRPS/DAILY, it is a collection of daily precipitation imagery
based on satellite observations and meteorological station data. The application uses this collection
to get daily precipitation data for the selected area. The goal with this data source is to extract the
daily precipitation amount (in millimeters) for the selected area and the specified date range.

MODIS (evapotranspiration). MODIS/006/MOD16A2, it provides estimates of daily
evapotranspiration using the MODIS sensor system from NASA’s satellites. The data come from the
MOD16A2 product, which has a spatial resolution of 500 m and reports evapotranspiration (ETa)
accumulated over eight days.

The NASA/GLDAS/V021/NOAH/G025/T3H dataset is a climate product generated by NASA’s
Global Land Data Assimilation System (GLDAS) hydrology simulation model, which provides global
estimates of hydrological and meteorological variables. This dataset uses the NOAH model to
represent physical processes in the atmosphere, land surface, and water, and is available at a
spatial resolution of 0.25° (approximately 25 km). The T3H product refers to the version of data at
a temporal resolution of 3 h.

Development of the applicaon in Google Earth Engine (GEE)
The GEE platform provides access to petabytes of public-domain images, as well as high-speed
parallel processing and artificial intelligence algorithms using Google’s infrastructure (Perilla and
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Mas, 2020). It contains programming interfaces compatible with languages such as JavaScript and
Python (Jiménez et al., 2022). The general flow diagram of the platform for calculating the water
balance in basins is presented in Figure 1.

Figure 1. General flowchart for the applicaon.

The balance model
To define the water balance, expressed as the variation in soil moisture content over time, the
following equation was applied:

1)

Where: Pp= is precipitation; Et= is the current evapotranspiration; Qs= is surface runoff; and Qsb=
is subsurface runoff. In equation 1, all variables are in millimeters per month.

Runoff (Qs)
The numerical models used by GLDAS to calculate surface and subsurface runoff are mainly NOAH,
CLM, and VIC, which simulate water flow on the earth’s surface by combining assimilated data and
balance models. Assimilated data refer to observed data that have been integrated into numerical
models to increase their accuracy (Rodell et al., 2004). Thus, the data combine real observations
with simulations from models (Kalnay, 2003). Surface runoff (Qs) in these models occurs when
precipitation (Pp) exceeds the soil’s infiltration capacity (Is). In general, the surface runoff equation
can be simplified as:
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Subsurface runoff (Qsb)
Subsurface runoff (Qsb) refers to water moving into deeper soil layers due to water pressure that 
exceeds the holding capacity in the surface layer. The equation of Qsb has the following form:

Where Ks (mm hr-1) is a constant of proportionality known as hydraulic conductivity that reflects 
the ability of the soil to conduct water in its matrix when it has been saturated; θ (mm) and θs 
(mm) are the current soil moisture content and the soil moisture content at saturation, 
respectively. Equation 1 can be solved for any of its variables, and simplifications can even be 
made according to the desired objective.

Evapotranspiration
Evapotranspiration is the water balance variable that extracts the most water from the soil and 
becomes relevant in areas with a low rainfall regime (Allen et al., 1998). In basins, 
evapotranspiration can be a significant fraction of total precipitation, and in basins with dense 
vegetation or warm climates, it can be as much as 50% to 80% of annual precipitation.
According to Allan (2000), evapotranspiration in a basin is the physical process that determines 
the availability of water in the region, and its measurement is essential for the correct 
management of water resources. The MODIS/006/MOD16A2 model uses an empirical approach 
to estimate actual evapotranspiration (ETa) from a combination of satellite-based weather and 
vegetation data.
Potential evapotranspiration (ETo) is one component of this process. The MODIS/006/MOD16A2 
data collection, which is used in the application, provides estimates of actual evapotranspiration. 
The data come from the MOD16A2 product, which has a spatial resolution of 500 m and reports 
ETa accumulated over eight days. To move from ETo to ETa, the model considers several factors 
that affect ETa, such as the vegetation index and soil heat flow.
Vegetation index (NDVI): to adjust transpiration based on the density and type of vegetation. 
Water availability in the soil: under water stress, evapotranspiration is reduced. This is adjusted in 
the model using coefficients that indicate the limitation of water availability. Surface resistance: it 
refers to how vegetation and soil or surface prevent water from evaporating, which depends on 
the type of cover and climatic conditions (Reyes et al., 2019).
Soil heat flux: it is also important for estimating actual evapotranspiration, as the heat absorbed 
by the surface affects both evaporation and transpiration. Adjustment factor for water availability: 
MODIS adjusts the ETo to reflect actual soil and vegetation moisture conditions. If water 
availability is high (in areas with a lot of rainfall or irrigation), the ETa will be close to the ETo, but 
if water availability is low (in dry areas), the ETa will be lower than the ETo.

Validation
To ensure the good projection of the water balance in any hydrological basin, it is necessary to 
corroborate the data from the platforms with data measured in the field. In this sense, for the 
variable ‘Eta’, data from an Eddy station (Eddy Covariance) located in the experimental area of 
the National Center for Disciplinary Research in Family Farming of INIFAP were used.
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The measurement site has a semi-arid climate with an average annual rainfall of 424 mm and 
an average annual temperature of 17.5 °C. The topography is dominated by valleys and rolling hills 
with haplic Xerosols (Delgado et al., 2019). The database consists of a 5-year time series of daily 
ETa and precipitation information. Data from climatological stations of the National Meteorological 
Service (SMN), by its Spanish initialism were also available.
Two indices were used for this: Pearson’s correlation and Jaccard coefficient. The first was 
employed to validate the runoff and ETa data, and the second was employed to obtain the degree 
of similarity in the arrival time (time of occurrence) of the rainfall. Pearson’s equation measures the 
magnitude (positive or negative) of the linear relationship between two continuous variables. The 
general formula for Pearson’s correlation is:

4)

Where: x and y are the variables to compare. The closer the value is to one, the better the correlation
between the variables. As has been established, in terms of precipitation, more important than
precipitation quantities in comparison studies is the time of arrival; that is, the time at which rainfall
events occur.
For this description, the Jaccard coefficient was used, applying it to the two time series (MODIS
and Eddy Tower). The Jaccard coefficient is defined as a measure of similarity between two data
series and is expressed as:

Where: J1 ∩ J2 is the number of common elements in both series and J1 ∪ J2 are all elements 
present in at least one of the series. There are different computational packages that analyze this 
coefficient; an example is the R software (García, 2004).

Results and discussion

Plaorm development
Figure 2 shows the application’s general interface, which contains a general menu and ‘combos’ 
for selecting variables. The user must enter the start and end dates of the water balance. In this 
sense, considering the timescales of the different data sources, the application proposes the dates 
that appear by default in the console.
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Figure 2. General interface of the GEE plaorm for basin water balance. 
https://tatiyoma85.users.earthengine.app/view/balance-hdrico-en-cuencasremexca

This will change as the sources of information are updated. Nevertheless, the user will be able to
choose a sub-range of interest. A basin must also be chosen. The platform includes the 757 basins
in which the National Water Commission has discretized the country’s hydrology (CNA, 2021).
Once a basin in the combo has been selected, the platform will automatically zoom in on the selected
basin. The water balance of the chosen basin will be obtained by pressing the ‘calcular balance’
button. The output of this balance is in graphical and tabular form (Figure 3). Different basins can
be chosen to make comparisons between them in terms of the precipitation-runoff relationship.

Figure 3. Example of informaon display. Water balance for the Cozoloapan basin.

The option for obtaining the precipitation-runoff relationship displays three adjustment models so 
that the user has a more objective appreciation of the basin’s capacities to produce runoff. An 
interpretation of the adjusted models is also displayed (Figure 4). These models are linear, potential, 
and exponential. The reason is that runoff behaves differently across the country’s different rainfall 
regimes. Thus, the adjustment will depend on the response of this variable in the different basins.
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Figure 4. Precipitaon-runoff relaonship for the selected basin and interpretaon of the best adjustment model.

The user can download the file of the chosen basin in Shape format for use in a geographic
information system or KML format for visualization in Google Earth.

Validaon
In the present case, the Jaccard coefficient for precipitation yielded a value of 0.5, indicating that
there is a 50% similarity in the time of occurrence of precipitation, which is considered acceptable
given the different sources and scales of the time series compared (Real and Vargas, 1996).
As for the similarity between the evapotranspiration data from the MODIS satellite and the data
measured with an Eddy Covariance tower, Pearson’s coefficient yields a value of 0.65. Studies
conducted by Zhang et al. (2015) obtained similar results when comparing water use efficiency,
where evapotranspiration plays a preponderant role, with the Eddy tower having obtained a Pearson
coefficient of 0.6 to 0.8.
It should be clarified, as mentioned by Delgado et al. (2019), that the tower was installed in a pasture
in a semi-arid region; however, the foot print (area of influence in the measurements) exceeds the
limits of the pasture area, involving native vegetation of the region, which strengthens the similarity
with the evapotranspiration data of the MODIS satellite (Figure 5).
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Figure 5. Relaonship between actual evapotranspiraon (ETa) data measured with the Eddy Covariance flux tower 
and data from the MODIS system.

Regarding runoff, data on this variable measured in one of the Yaqui River basins (Yaqui River 1)
were used. The reanalysis data explain 60% of the variability in runoff (Figure 6).

Figure 6. For runoff, GLDAS data explain 60% of the variability of the dependent variable (Yaqui River Basin 1). 
Right, predicve capacity of the model.
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Zhao et al. (2015) obtained similar results across different basins in China, where they compared
observed runoff data with GLDA-derived simulations, evaluating its applicability for hydrological
modeling.

Conclusions
The balance hídrico en cuencas application is a comprehensive tool for hydrological analysis in
basins using Google Earth Engine. It integrates various sources of information effectively, in addition
to providing a user-friendly interface. It allows an analysis of the components of the hydrological
balance and the precipitation-runoff relationship, where three regression models are analyzed:
linear, exponential, and potential, choosing the one with the best fit and explaining the meaning of
its parameters. The application provides options to download the basin information and explains
the calculations.
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