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Abstract: Currently, the NCAR (U.S. National Center for Atmospheric Research), the 
institution responsible for the WRF-Hydro (Weather  Research and  Forecasting - 
Hydro) model initiative, highlights four major global challenges: floods, pollution, 
droughts, and biodiversity. Thus, given the current scenario of a global pandemic 
caused by the Sars-CoV-2 virus (Covid19), the importance of hydrological studies, 
their correlation with contamination levels, and incidence of COVID-19 cases are also 
in the spotlight. Among the challenges around water resources management, the lack 
of good and representative data, especially for small water bodies and developing 
countries, to perform inferences and to manage these natural resources is critical. This 
situation applies not only to observational data and but also to input data for 
hydrological models. In this context, the WRF-Hydro system represents the state of 
the art for hydrometeorological modeling. Thus, the model emerges as a computational 
tool that becomes possible to provide auxiliary data for patterns analysis in time series 
and computational prediction. Also, with the evolution of artificial intelligence (AI), it is 
possible to consider the integration of this modern approach with the WRF-Hydro 
model simulations. Therefore, the main of this study is to analyze the feasibility of a 
web tool that integrates these functionalities. The coupled WRF-Hydro with AI will 
support the management and generate a water predictability analysis in the 
MATOPIBA region (Maranhão-Tocantins-Piauí-Bahia), northeastern Brazil, the focus 
area of this study. Although the WRF-Hydro system demonstrates efficiency in the 
hydrometeorological simulation for the region, the model has a range of subprocesses 
which has a high computational cost, especially for long-term studies. Therefore, due 
to the possibility of integrating these computational tools, it is proposed to develop and 
analyze the construction of a web tool using the WRF-Hydro system for the short and 
medium-term with AI tools for the short term (a few hours to a few days), to optimize 
the computational cost. Thus, the combined application of the WRF-Hydro and AI 
system can improve the water bodies management and assist the identification of 
contamination levels by Sars-CoV-2, given the presence of the virus in water bodies 
and the correlation of the pandemic with hydrological variables. 
 
 
Keywords: Water resources, Hydrometeorological forecast, WRF-Hydro, Artificial 
Intelligence, Sars-CoV-2 (Covid19), MATOPIBA. 



   
 

1 Introduction 

The management of water resources is still a global challenge. The latest United 

Nations Water Development Report [1] highlights that only 10% of developing 

countries have monitoring systems related to water quality. Thus, the advance in the 

management of water bodies helps in the performance of the system, consisting of a 

valuable tool for the economy and society. In this sense, the current scenario of a 

global pandemic caused by the Sars-CoV-2 virus (Covid19) highlights the importance 

of water studies in sewage systems, which, in turn, are related to major challenges, 

such as basic sanitation.  

The study of [2] indicated that municipalities with poor sanitation are the same with the 

highest numbers of infections and deaths caused by the Sars-CoV-2 infection. 

Notoriously, this social problem is related to the management of water resources. Thus, 

to face these challenges, computational modeling emerges as a precious mechanism 

for decision-making. However, the hydrometeorological representation requires a 

model capable of characterizing the hydrology of the Earth's surface-atmosphere, 

where the availability and measurements of the data are fundamental for 

understanding the dynamics of a watershed [3]. 

In this context, the hydrological modeling module of the WRF model, called the WRF-

Hydro system, represents the state of the art regarding water resources, which 

provides a coupling between an atmospheric model and a hydrological model. The 

WRF-Hydro system was developed by NCAR in partnership with NASA to model and 

simulate rainfall, reservoir management, and flood forecasting that allow users to 

create, save and compare future scenarios. More details when the numerical and 

computational structure of the model can be obtained [3]. Thus, the WRF-Hydro model 

has been applied worldwide in studies with flood forecasting and simulation, severe 

events of precipitation caused by hurricanes, flow simulations in water bodies, soil 

moisture, evapotranspiration precipitation, and further studies of hydrometeorological 

conditions, both in arid regions and in humid regions [4–11]. For Brazil, we can mention 

the work of [12] WRF-Hydro system in the state of Pernambuco seeking to develop a 

management tool to simulate rainfall, reservoir management, and flood forecasting. In 

the [13] they also employed WRF-Hydro in the northeastern region of Brazil called 

MATOPIBA to simulate the flows of water bodies in the region and also develop a web 

tool for the application of the model. 



   
 

The WRF-Hydro model has become a major ally in water resource management and 

hydrometeorological modeling, as demonstrated in [14]. This model has a great 

potential to study small and medium hydrographic basins that tend to have lower 

availability of data and hydrometeorological stations.  However, it is important to keep 

in mind that the workflow for this system is based on pre-processing, processing, and 

post-processing phases. These steps require the handling of large amounts of input 

data with high spatial resolution, such as topography, land use, and occupation, 

information from lakes and rivers, among others, and this results in many results to be 

analyzed. Additionally, the model requires a robust computer structure for its 

processing. 

These WRF-Hydro requirements often limit its application, as the computer structure 

is not an easily accessible resource, especially for the reality of Brazil, surface data in 

high resolution, data measured for model validation are not always available. Because 

of these computational difficulties, there is the possibility of applying artificial 

intelligence (AI) techniques to facilitate the processing of WRF-Hydro, seeking an 

improvement of the predictions made by modeling and post-processing, where it is 

possible to train the network with the measured data and even history of the WRF-

Hydro itself to have a faster forecast and less computational computing costs. At this 

point, it is important to point out that AI has already been applied in the WRF model 

without the coupling of the water module, as [15–20] to improve the modeled results 

and predictability of future data. However, the application of AI together with WRF-

Hydro has still been developed, as in the studies of [21, 22]. A major advantage 

expected in the use of AI to facilitate the processing and post-processing of WRF-

Hydro is the lower demand for computational resources and greater speed of 

forecasting water body flows when the network is trained.  

The faster forecasting with the use of AI will help management and better 

characterization of water resources. In the covid-19 pandemic period, indicators such 

as levels of contamination of wastewater/water bodies by SARS-CoV-2 can identify 

regions more contaminated by the virus, as exposed [23]. In Brazil, unfortunately, 

much of the domestic sewage is added directly to the water bodies. About 54% of 

Brazil's sewage is collected and only 69% of the sewage collected is treated [24] and, 

consequently, the Sars-CoV-2 virus is also released into water bodies. Studies such 

as [25–27] identify the virus in wastewater and, the work developed in Belo Horizonte 

[28], Brazil, also identified the virus in the sewage  system. The paper [23] also highlight 



   
 

that the monitoring of wastewater is a good indicator for contamination levels of Sars-

CoV-2. However, [26] and laboratory tests are not sufficient to predict the increase or 

decrease in the level of infection. 

Additionally, the [29] hydrological variables (lake area, river length, precipitation, and 

volume of water resources) with the number of cases confirmed by Sars-CoV-2. The 

authors concluded that hydrological variables have a significant correlation in the 

prediction of COVID-19 incidences, suggesting that water transmission of Sars-CoV-2 

is a source of virus spread, and may pose a threat to public health. However, [30] report 

that the transmission of Sars-CoV-2 through contact with contaminated waters and 

contaminated feces is uncertain and needs further studies. 

The study[31] emphasized the use of epidemiological tools, such as  Wastewater-

Based Epidemiology  (WBE) to assist in management using Sars-CoV-2 markers in 

wastewater to trace the profile of contamination in cities and assist in mitigating disease 

outbreaks. It should be noted that, even though it is an important tool, monitoring of 

water bodies requires sampling campaigns and specific laboratory analyses to 

determine the level of water contamination, which can be costly, and personnel 

requires training. Given these difficulties, the application of WRF-Hydro coupled with 

AI can serve as an auxiliary rapid response tool to understand the dynamics, 

displacement, and reach of Sars-CoV-2 in water bodies, assisting in the management 

not only of water resources but also in the management of the pandemic. 

Then, this study aims to analyze the feasibility of a computational tool for simulation, 

monitoring, and analysis of water predictability using WRF-Hydro and AI in the 

MATOPIBA region (Maranhão-Tocantins-Piauí-Bahia), where the management of 

water resources has strong socioeconomic interest for the Brazilian government. 

 

2 Methodology 

2.1 Study area 

The area under study is the MATOPIBA region, an area demarcated of Brazil: 

Maranhão, Tocantins, Piauí and Bahia. The states that make up the MATOPIBA region 

have a large volume of freshwater available in Brazil, especially the Northwest Atlantic, 

Parnaíba, Tocantins-Araguaia, and São Francisco basins. 



   
 

Figure 1 -  Study  area 

 
 

 

The state of Maranhão is in the northeast of Brazil and its vegetation covers the 

Amazon forest, savanna, and caatinga. The Tocantins located is in the central region 

of Brazil, being bounded to the west by the Araguaia River and in the center by the 

Tocantins River, with an economy composed basically of agriculture[32–35]. Piauí is 

inserted in the Brazilian Northeast, and its economy is focused on the industry 

(chemistry, textile, beverage, agriculture, and livestock). Bahia is also in the Northeast 

region and its economy is composed of agriculture, industry, mining, tourism, energy 

(oil and gas and renewables), and services [32–35]. 

The scenario presented is a region with great agricultural quality and that requires the 

exploitation of land use and water resources and which, in turn, has adjacent regions 

inhabited by people who make up the region's workforce and who also make use of 

the water resources available in the region. Therefore, evaluating the feasibility of a 

tool for monitoring and analyzing water predictability to manage these resources and 

forecasting droughts/floods, in addition to verifying the level of contamination of the 

region by Sars-CoV-2, is extremely important. 

2.2 Hydrometeorological modeling with WRF-Hydro system 

As simulations were performed using the WRF-Hydro hydrometeorological modeling 

system. Modeling coupling the high-resolution hydrological model to a thin-scale 



   
 

weather model within a single system. This reduces the uncertainties associated with 

the spatial distribution and precipitation volume, demonstrating the adequate predictive 

potential for surface runoff, flow forecasting, and flooding. 

The modeling was divided into two parts (meteorological and hydrological). The 

weather model was configured in three nested degrees with a resolution of 9 km, 3 km, 

and 1 km, according to Figure 1  above. Figure 2 shows domain D03 of the WRF-Hydro 

system. 

 

Figure 2 - Location of the domain of interest with water flows 

 
 

 

The domain of interest (D03) has a horizontal resolution of 1 km in a category of 448 

x 454 cells, using geoprocessing tools for resizing grade to 250 m in the water scope. 

An overview of spatial settings is shown in Table  1. 

 

 

Table1 - Configuration of domains. 

Domain D01 D02 D03 

Horizontal Resolution 9 km 1.6 miles 1 km 

Number of cells 150x150 280x280 448x454 

Domain size 1350x1350 km 840x840 km 448x454 km 



   
 

 

The simulation was performed using the WRF-ARW core, version 3.9.1, with 

initialization at 12 PM (UTC) on March 10, 2019, extending until 18 PM (UTC) on March 

20, 2019 (246 h of the simulation). This simulation aimed to generate the preliminary 

data necessary for geoprocessing in the ArcGIS application. As initial and contour 

conditions used in the simulations come from the global atmospheric model GDAS-

FNL(Global Data Assimilation System Final Analysis)of the NCEP (National Center for 

Environmental Forecasting), with horizontal resolutionof0.25° x 0.25° temporal 

resolution of 6 hours. Land use and occupation topography data are provided by the 

USGS (United States Geological Survey)with a resolutionof30 s [36]. 

A growing trend of the use of unidirectional or two-way hydrometeorological modeling 

systems, indicating the importance of integrated atmospheric, geological, and 

hydrological modeling tools. Typical studies use the WRF model and hydrological 

models, such as the WRF-Hydro model [14]. Due to its robust architecture, the WRF-

Hydro system represents the state of the art in hydrometeorological modeling, whether 

in uncoupled or coupled mode. Figure 3  shows the representation of how models are 

integrated. 

 

Figure 3 - Structure of the WRF-Hydro system given the physical aspects related to meteorology and 
the type of coupling. 

 
Source: An adapted figure of [3] 

After preprocessing with WRF, as shown in Figure 3, the intermediate files required for 

processing data with ArcGIS are obtained. It is important to highlight that ArcGIS was 

also developed for the characterization of drainage systems (stream networks, 

watersheds, floodplain characteristics) and model integration. Its structure has 

extensibility through tools composed of modules or scripts written in Python and are 



   
 

integrable to the central module of ArcGIS. ArcGIS Isa software package for the 

development and manipulation of vector and matrix information for the use and 

management of thematic bases. ArcGIS provides a GIS (geographic information 

System) environment with a range of tools in an integrated way and good software 

usability. Geoprocessing can be understood as the technical and conceptual link of the 

tools for capturing, storing, processing data, and presenting georeferenced spatial 

information. 

The WRF-Hydro GIS preprocessing toolkit was designed by NCAR[37] to facilitate the 

process of derivation of input files and WRF-Hydro parameters from commonly 

available geospatial data products, such as digital elevation models, land use and 

occupancy, geospatial metadata to support georeferencing of relevant WRF-Hydro 

model output files, and shapefiles to help visualize model components. 

WRF-Hydro GIS preprocessing tools are designed to function as an additional Python 

toolbox in The ArcGIS ESRI software. The specific operating system and software 

requirements are covered by the complete documentation of the WRF-Hydro GIS 

preprocessing toolkit [37]. 

As mentioned, it is noted that working with the WRF-Hydro system requires a series of 

steps that may present some complexity for researchers from different areas, but which 

are fundamental in the study of hydrological aspects of a hydrological basin. 

Information on the study of water is needed for decision-making in several studies, 

which are often scarce, preventing adequate management of water resources, as 

mentioned in the Hydrological Atlas of the Rio Grande river basin [33]. 

Thus, the construction of a web tool that minimizes the need to prepare specific 

computational codes, capable of integrating the execution steps of WRF-Hydro 

intuitively, is an alternative for engineers, scientists, and other professionals related to 

the hydrometeorology area. This allows them to develop their studies with quality 

equivalent to the conventional work of WRF-Hydro, without the need for possible 

assistance from a computer professional, thus stimulating the increase of research in 

this area and rewarding possible failures of hydrological monitoring of hydrological 

basins. 

 



   
 

2.3 Hydrometeorological modeling with AI approach 

As agile neural networks that were considered for use in this solution are convolutional 

neural networks (CNN) and the recurrent network called Long Short-Term Memory    

(LSTM). A brief overview of these types of neural networks will be shown in this section. 

2.3.1 Convolutional Neural Networks (CNN) 

A CNN is a type of artificial neural network that applies filters to input data and has 

great learning power for spatial and even time relationships within the input data. 

Neural networks are computational models inspired by the central nervous system of 

an animal that can perform machine learning as well as pattern recognition. CNN can 

reduce the size of data through its filter or kernel-driven convolution operations in the 

convolution layer, which extracts high-level resources from the data. The kernel is the 

central component of the operating system of most computers, it serves as a bridge 

between applications and the actual processing of data done at the hardware level. 

Core responsibilities include managing system resources. In kernel convolution, the 

input is transformed based on the values of a filter.  

CNN also has the pooling layer to reduce the necessary processing to network training. 

This layer is responsible for reducing the spatial size of the convolution step output. 

Examples of operations of this type are the maximum value (MaxPooling) and the 

average value (AvgPooling) in each fixed-size window. Then there is a layer 

responsible for leveling the output to a one-dimensional layer, the output of which is 

eventually submitted to the last part of CNN: one or more fully connected layers, or 

Multilayer Perceptron (MLP), which performed the final classification or regression 

task. Because of these characteristics, CNN's are widely used in the area of computer 

vision to perform tasks such as detecting objects in images [38]. Fully convolutional 

networks(Fully Convolutional Networks  –  FCN) are a type of convolutional neural 

network that does not have the final layer of MLP, being to extract the main 

characteristics of degrees from the data for use in subsequent layers, such as that in 

hybrid approaches. 

2.3.2 Long-term Neural Memory Networks (LSTM) 

LSTM networks are a special type of neural recurrent network that has been created 

as an approach to the problem of forgetting long-term dependencies common in 



   
 

recurrent neural networks. The LSTM network was first introduced by [39] since then 

many variants of this neural network have been created. 

Figure 4 illustrates the structure of an LSTM cell, in which arrows represent the data 

flow, squares, point operations, and circles correspond to activation functions. The 

main part of an LSTM network is the state of the cell, which is an internal selective 

memory of the past, represented by the horizontal line that starts at ct-1 and ends at ct. 

The hidden state, represented by h, is the output of the LSTM cell.  

 

Figure 4 - Structure of an LSTM cell.

 

Source: An adapted figure of [38] 

3 RESULTS AND DISCUSSION 

3.1 WRF-Hydro and ArcGIS integrated by API in a web interface. 

Based on the analyses carried out in a multidisciplinary research environment it was 

possible to obtain information about the quality, accuracy, and integration of WRF-

Hydro tools with the respective integration modules in an HPC (High-Performance 

Computing) environment, ESRI ArcGIS as an independent layer, as well as a web 

interface. 

From the non-intuitive processes in which this information was obtained, it is 

considered the proposal of the web interface. Some authors are highlighting the 

important characteristics that software usability offers us, associating the ease with 

which new users can initiate effective interaction and achieve maximum performance 

in tasks that are included in the context of [40, 41]. 



   
 

From this perspective, an integration structure of WRF-Hydro and ArcGIS is presented 

through a web usability tool suitable for researchers or potential customers, through 

the visualization and operation of simulation processes, to monitor and perform 

predictability analyses of hydrometeorological cars in each region. 

Figure 5 represents a DEM (Digital Elevation Model) with river flows in the upper view. 

Video 01 represents a DEM with river flows in an animation exposing more details 

about this micro basin. To access this animation, click the animation hyperlink or go to 

this URL (Video 01 https://youtu.be/oQiw9nHedtg). 

 

Figure 5 - Flow of the Rio Grande DEM stream. Rio Grande DEM 3D 

 

 

 

These results were generated with a multidisciplinary team with distinct functions, but 

which can be simplified into a single gis web tool, providing a single view of the 

dashboard designed based on software usability, using native integration as shown in 

Figure 6, through the Rest architecture) and SOAP protocol (Simple Object Access 

Protocol), through API(Application Programming Interface), developed in programming 

languages such as Java, .NET, or. 

Figure 6 - ArcGIS Framework 

 
Source An adapted figure from [42] 

https://youtu.be/oQiw9nHedtg


   
 

Figure 7 displays the WRF-Hydro Coupling of Coupled Model, which is commonly 

loaded in the HPC environment and which could be operated by automated Python 

scripts for simulation routines. 

 

Figure 7 - WRF-Hydro Structure 

 
Source: An adapted figure from [3] 

 

Figure 8 shows a representation of the logical integration of solutions through a GIS 

web tool. 

 



   
 

Figure 8 - WRF-Hydro, ArcGIS, and IA integration structure 

 
Source: An adapted figure [3, 42] 

 

3.2 AI application module 

Although WRF-Hydro-related tools are considered state-of-the-art in the context of 

hydrometeorological modeling, some of the significant limitations are computational 

cost and simulation time required. Additionally, model calibration is an arduous task 

that requires good surface data and startup data, which is often scarce or not suitable 

for application in forecasting. Once the calibration has adjusted and the results become 

more stable, the model can be directed in a particular way to rescan the reliable results, 

within their respective limits. Thus, it is possible to provide greater accuracy, but there 

is still a considerable effort of configuration and may take a long period to obtain good 

results, being also restrictive to a defined period. 

At this point, the application of AI algorithms arises to overcome part of these barriers. 

Good results have been found with applications of neural networks for simulations, in 

the short and medium-term, [38] and concentrations of pollutants [38], and can be 



   
 

extended to the field of hydrometeorology. These models will also be costly during the 

training process, but assuming a sufficiently large amount of data, with proper 

processing of features,  can be generalized proving a good accuracy and not being 

restricted to a period. With this, it is possible to integrate an AI module into the 

proposed architecture in [43] containing previously trained models and the possibility 

of managing algorithms to perform validations and study of comparations between 

these approaches and the results of the WRF-Hydro model, in the short and medium-

term, proving knowledge for long-term evaluations, optimizing the time and cost of in. 

Besides, obtaining the results more systematically will serve as a basis for decision-

making for river basin management and forecasting extreme events (droughts and 

floods) more efficiently and quickly. Also, the management of water bodies can help in 

the indicators of contamination for the Sars-CoV-2 pandemic, being an additional tool 

to the monitoring of wastewater and water bodies, especially that it concerns the 

association of pandemic indicators with the characteristics of the water body, crucial 

information that is modeled by WRF-Hydro and optimized by AI. 

 

4 Conclusion 

The research is being developed by an interdisciplinary group of researchers who are 

working on the execution of all the steps considered necessary in the 

hydrometeorological simulation of the MATOPIBA region. The geoprocessing of the 

region was completed by the means of ArcGIS, as presented, bringing partial results 

of the detailed information of the region, important for the next stages of the study. 

Besides, flow, precipitation, and other variables have already been obtained, proving 

the WRF-Hydro system as an efficient hydrometeorological simulation model. Thus, a 

system with AI tools is promising to reduce the computational cost and may be suitable 

for analysis of water bodies and possible indices of contagion evolution by Sars-Cov-

2 with monitoring and mitigation of the number of cases related to the current 

pandemic. A significant evolution has been made in the processing and application of 

WRF-Hydro and the group is still working on some steps to seek improvements in 

simulation accuracy through automated and efficient data calibration. 

Therefore, with the consolidation of the described processes, we seek the 

implementation of the proposed solution, considered feasible to be implemented, given 

the significant number of steps required in monitoring and hydrometeorological carried 



   
 

out, in large part, by scholars not related to the area of computing. Thus, it is perceived, 

excellent perspectives for the use of AI enable a tool not limited to the traditional 

management of water resources, but also a solution capable of correlating water 

management with indicators of contamination of pandemics such as Covid19 that we 

currently face. 

 

5 Abbreviations   

 

AI: Artificial Intelligence 

API: Application Programming Interface 

ArcGIS: Geographic Information System 

AvgPooling:  Average pooling value 

CNN: Convolutional Neural Networks 

COVID-19: Coronavirus Disease 2019 

cpl: Coupling Interface  

ct: C represents the cell state at a given timestep t 

DEM: Digital Elevation Model 

Drv: Driver 

D03: Domain 03 

ESRI: Environmental Systems Research Institute 

FCN: Fully Convolutional Networks 

GDAS-FNL: Global Data Assimilation System Final Analysis 

h: Hour 

HPC: High Performance Computing 

ht: H represents the output of the LSTM block at a given timestep t 

MATOPIBA: Acronym for Maranhão - Tocantins - Piauí - Bahia 

MaxPooling: Maximum polling value 

MLP: Multilayer Perceptron 

NASA: National Aeronautics and Space Administration 

NCAR: National Center for Atmospheric Research 

NCEP - National Center for Environmental Prediction 

LSTM: Long Short-Term Memory Neural Networks 

Python: Programming language Python 

https://en.wikipedia.org/wiki/Coronavirus_disease_2019
https://en.wikipedia.org/wiki/Coronavirus_disease_2019


   
 

REST: Representational State Transfer 

Sars-CoV-2: Severe acute respiratory syndrome coronavirus 2 

s: seconds 

SIG: Geographic Information System 

SOAP: Simple Object Access Protocol  

USGS: United States Geological Survey 

UTC: Coordinated Universal Time 

WBE: Wastewater-Based Epidemiology 

WRF: Weather Research and Forecasting 

WRF-Hydro: Weather Research and Forecasting – Hydro 
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Figures

Figure 1

Study area Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.



Figure 2

Location of the domain of interest with water �ows Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 3

Structure of the WRF-Hydro system given the physical aspects related to meteorology and the type of
coupling.

Figure 4



Structure of an LSTM cell.

Figure 5

Flow of the Rio Grande DEM stream. Rio Grande DEM 3D Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 6

ArcGIS Framework



Figure 7

WRF-Hydro Structure Source: An



Figure 8

WRF-Hydro, ArcGIS, and IA integration structure
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