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Introduction

*The quality of input data plays a fundamental role in
hydrological modeling.

*In Brazil, precipitation data often present gaps and
Inconsistencies.

*Objective: Evaluate the accuracy of SWAT's

precipitation gap-filling method compared to the Cubist
method.



Importance of Precipitation Data

Influences accuracy and reliability of hydrological models.
Data gaps pose a challenge for climate change studies.

Essential for robust hydrological models.



Study area
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The Capibaribe River basin is
located at coordinates 07° 41' 20"
and 08° 19' 30" S, and 34° 51' 00"
and 36°41'58" W. The basin covers
an area of 7,454.88 km” and
encompasses 42 municipalities in
the state of Pernambuco, with 15 of
them entirely within its boundaries,
(Apac, 2023). Due to its size, the
area has various distinct physical
characteristics, both hydrological
and geological. Figure shows the
location map of the basin and the
sub-basin where the precipitation
data from the stations were
analyzed.



Study area

* The basin includes landscape Atlantic Forest
biomes, with significant variations in relief and land
use. Historically, in the Zona da Mata region, there
has been intensive use for sugarcane cultivation,
which has led to the suppression of Atlantic Forest
vegetation in the area.



Precipitation Data Acquisition

* The rainfall data from all stations are provided on the agency's
monitoring website (APAC). The information is made available
through daily bulletins with rainfall values in millimeters,
organized in databases by months and years of historical series.
The historical series for this study covers the years 1961 to 2021.
Additionally, the sub-basin selected for model calibration has
seven stations near the coast. Next Table shows the code and
coordinates of the studied stations. The data were organized into
spreadsheets, where the amount of missing data per station
within the historical series was calculated.



Precipitation Data Acquisition
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Methodology

Evaluation of SWAT and Cubist gap-filling methods.
*Data collection and analysis.

*Accuracy and effectiveness assessment.



Hydrological Modeling Tools

SWAT: Soil Water Assessment Tool.
Simulates water balance in a watershed.

Internal gap-filling method for precipitation
data.



The Cubist Method

*Cubist method for data gap-filling.
*Captures complex, non-linear relationships.

*Potentially more accurate than SWAT's internal method.



Organization and Interpolation/Spatialization
of the Data

* Spatial data interpolation can be defined as the statistical
projection of georeferenced datasets to obtain data
representations and distributions. Data interpolation is based on
Tobler's Law, which states that all factors relate to each other, but
closer factors have stronger relationships than distant ones.
Equation next shows the calculation used for IDW interpolation
(Shepard, 1968):
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Cubist and Model Calibration

* Cubistis arule-based model where each conditional or branch of the
tree constitutes a rule, and the leaves are linear regressions (Figure
next). The R language package is an improvement of the M5 model
published by Quinlan (1992, 1993), and it was chosen for its
transparency, ease of interpretation, and high predictive power. The
model allows for boosting in filling gaps by performing double
iterations.

* Additionally, another innovation of Cubist is the use of the nearest
neighbors methodology to adjust the predictions of the decision tree
model. Thus, the seven stations of the sub-basin were used to create
the model, with each station having its model generated individually to
evaluate the performance of Cubist in filling gaps in each of the
historical series.



Representative Flowchart of the Cubist
Decision Tree




Evaluation criteria

* The series was divided into two parts: 80% for calibration and 20%
for verification.

* Additionally, the Leave-one-out cross-validation method was
used, in which the dataset is divided in a 1/sampling ratio. In other
words, for each calibration of the model for one station, the
remainder was used for calibration.

* Then, the model performances were calculated by evaluating the
Correlation Coefficient, Mean Error, and Relative Error.



MAE- Mean Absolute Error
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Preliminary Results-Application and
Modeling of Cubist in the Sub-Basin
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values between the years 1961 and
2021.

Tabela 4: Performance Estatistica do Modelo



Preliminary Results-Application and
Modeling of Cubist in the Sub-Basin

* The results obtained from the machine learning modeling on the
database were promising. The correlation coefficient (r) of the
model showed moderate to strong values at all stations where it
was applied. The evaluation of absolute and relative errors also
proved to be promising given the amount of data with which the
model correlated. The use of Cubist as a methodology for data
Imputation appears promising in the field of data research..



Comparison of Weather Generator-SWAT
and Cubist

Correlations
Capibaribe
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a. Cells contain zero-order (Fearson) correlations.




Preliminary Results-Application and
Modeling of Cubist in the Sub-Basin

*Cubist method shows lower average error.
*Higher correlation coefficient (0.95) for Cubist.

eWeather Generator-SWAT correlation coefficient: -0.02.



Implications for SUPer System

*SUPer: Hydrological Response Units System for Pernambuco.
*Benefits of implementing Cubist method.

*Improved water resource management and decision-making.



Brazil- Algorithm (Cubist model




Methodological
steps

1. Iterations with Cubist
Model calibration
Trend correction
Aggregation Tests
Different cell sizes

Model validation

N o oos 0N

Formatting and availability

Tamanho da celula (graus decimais)

1.6

1.4

1.2

0.8

0.6

0.4

0.2

0

0.5

0.6 0.7 0.8

Correlacdo de Pearson

0.9

Correlation coefficient

lteracdo 1 lteracdo 3

EE(EN
0 06 1

Relative error in relation to the mean(%)

lteracéo 1 lteracédo 3




D l UoG - Artificial Intelligence X I W WEAP: Water Evaluation A X | D 1292-Quinlan-Al.pdf X | % WhatsApp X | @ Jornada_FACEPE_ 2022 - On X S SWATech X —|— = (]

& (&) (D localhost:3000 A @ s e ]f

Sobre Equipe Parceiros

S  E-Mail

g Senha




[ localhost:3000/home

1. Busca 2. Bancos de dados 3. Resultados

1. Insira o critério de busca:

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Sed in varius
erat. Phasellus aliguam tellus quis neque efficitur porttitor.
Suspendisse risus lacus, egestas ut libero et, dapibus tincidunt
tellus.
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Conclusion

Summary of key findings.
*Benefits of Cubist method for gap-filling.

*Informing water resource policies and strategies.
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Thank you so much!

PROJETO:

405853/2022-0 - Desenvolvimento de um sistema automatico, em tempo real, para assimilacao,
identificacao e preenchimento de falhas da precipitacao no SUPER e avaliacao dos seus impactos na
gestao de recursos hidricos de Pernambuco

PROJECT: 405853/2022-0 - Development of an automatic, real-time system for
assimilation, identification, and filling of precipitation gaps in the SUPER system and
evaluation of its impacts on water resource management in Pernambuco
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E-mail Contact

* Rodrigo Miranda e-mail: rodrigo.gmiranda@gmail.com Process
Cubist model

* Verissimo e-mail: verissimo.pinheiro@ufpe.br

* Josicleda Galvincio : josicleda.galvincio@ufpe.br informations the
results
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