© 2023 IJNRD | Volume 8, Issue 8 August 2023 | ISSN: 2456-4184 | INRD.ORG

IJNRD.ORG ISSN : 2456-4184 -~

~s- INTERNATIONAL JOURNAL OF NOVEL RESEARCH

’-

v N AND DEVELOPMENT (IJNRD) | JNRD.ORG
RD Anlnternational Open Access, Peer-reviewed, Refereed Journal

Researc h Through Innova! tion

Evaluating the Suitability of Machine Learning
Algorithms for Predicting Extreme Weather Events
in Nigeria using Geospatial Data and Climate
Variables

Dauda Sulaimon A. !, Orimoogunje O. O. I 2

! Department of Geography, Obafemi Awolowo University, Ile-Ife PMB 13, Nigeria
2 Department of Geography, Obafemi Awolowo University, Ile-Ife PMB 13, Nigeria

Abstract:

Extreme weather events have become increasingly frequent and severe in recent years, posing significant
challenges to societies, economies, and the environment. Accurate prediction of these events is crucial for disaster
preparedness and climate resilience. While traditional weather prediction methods have limitations in predicting
extreme events accurately, advancements in machine learning (ML) techniques show promise in improving weather
forecasting. This study aims to evaluate the suitability of ML algorithms for predicting extreme weather events in
Nigeria using geospatial data and climate variables. An extensive evaluation of ML methods will be conducted,

and the results will provide valuable insights for disaster management and climate resilience in the region.

Keywords: Extreme weather events, Machine learning algorithms, Weather prediction, Geospatial data, Climate
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1.0 Introduction:

Extreme weather events have become increasingly frequent and severe in recent years, posing significant
challenges to societies, economies, and the environment. These events, such as hurricanes, floods, droughts, and
heatwaves, can have devastating impacts on human lives, infrastructure, agriculture, and ecosystems. Accurate and
timely prediction of extreme weather events is crucial for disaster preparedness, risk management, and adaptation

planning.

Traditional weather prediction methods based on numerical weather models have limitations in predicting extreme
events accurately. However, advancements in machine learning (ML) techniques have shown promise in improving
weather forecasting by leveraging large datasets and identifying complex patterns that may be missed by
conventional models. ML algorithms can analyze geospatial data and climate variables to make more accurate

predictions of extreme weather events.

The aim of this study is to evaluate the suitability of machine learning algorithms for predicting extreme weather
events in Nigeria using geospatial data and climate variables. By exploring the relationships between weather
patterns and extreme events, this research seeks to enhance the understanding of the factors contributing to extreme

weather in the region and provide valuable insights for disaster management and climate resilience.
Objectives:
1. To assess the impact of geospatial data on the prediction of extreme weather events in Nigeria.

2. To investigate the influence of climate variables on the occurrence of extreme weather events in the study

area.

To achieve these objectives, the study will employ an extensive evaluation of machine learning methods commonly
used in weather prediction and climate analysis. The selected ML algorithms will be trained on a dataset comprising
geospatial data and climate variables collected over a specific time period in Nigeria. The performance of each
algorithm in predicting extreme weather events will be assessed, and the results will be analyzed to determine the

significance of geospatial data and climate variables in the prediction process.
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This study contributes to the growing body of research on the integration of machine learning techniques in weather
forecasting and climate analyses. The findings will provide valuable insights into the potential of ML algorithms
for improving the prediction of extreme weather events, especially in data-scarce regions like Nigeria. The results
can inform decision-makers and stakeholders in disaster management, agriculture, and infrastructure planning,

helping them prepare for and mitigate the impacts of extreme weather events.

By examining the relationship between geospatial data, climate variables, and extreme weather events, this
research also enhances our understanding of the complex interactions driving extreme weather phenomena. This
knowledge can support climate change adaptation efforts and guide the development of more targeted strategies

for building resilience to extreme events in Nigeria.
2.0 Literature Review

The Literature Review will focus on the use of machine learning algorithms in weather prediction and extreme
weather event forecasting, drawing insights from the provided result and discussion. We will explore relevant
studies and discuss their findings to understand the potential and challenges of using machine learning for extreme

weather event prediction, with a focus on Nigeria.

1. Introduction Weather forecasting and extreme weather event prediction are crucial for disaster
preparedness, risk management, and climate resilience. Traditional numerical weather prediction models
have limitations in accurately capturing complex atmospheric processes, especially for extreme events. In
recent years, machine learning (ML) techniques have gained attention as promising tools for improving
weather forecasting due to their ability to discover patterns and relationships in large datasets. This
literature review aims to explore the application of ML algorithms in weather prediction and assess their

suitability for predicting extreme weather events in Nigeria using geospatial data and climate variables.

2. Machine Learning Algorithms in Weather Prediction Cramer et al. (2017) evaluated seven ML methods for
rainfall prediction in weather derivatives. They found that random forests and support vector regression
outperformed other algorithms in accurately predicting rainfall events. Chakraborty et al. (2016) employed

a hybrid ML methodology to generate accurate weather files for sustainable building design. Their
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approach combined decision trees and regression models, resulting in improved weather data for resilient

building analysis.

Aznarte and Siebert (2017) used numerical weather predictions and ML techniques for dynamic line rating in
power delivery systems. Their ML approach enabled real-time updates of transmission line ratings based on
weather conditions, enhancing power grid efficiency and stability. Jakaria et al. (2020) developed a smart weather
forecasting system using ML in Tennessee, demonstrating the potential of ML in localized weather prediction for

decision-making.

Bochenek and Ustrnul (2022) reviewed various applications of ML in weather prediction and climate analyses,
highlighting its value in handling non-linear relationships and handling complex datasets. They emphasized the

need for continuous development and integration of ML techniques with traditional weather models.

3. Machine Learning for Extreme Weather Event Prediction Malki et al. (2020) explored the association
between weather data and the COVID-19 pandemic mortality rate using ML approaches. While their study
focused on a different context, it showcased the relevance of ML in understanding weather-related impacts

on public health outcomes.

Wang et al. (2018) used multi-model ensembles of CMIP5 global climate models to reproduce observed rainfall
and temperature in Australia. They combined ML methods with climate models to improve prediction accuracy,

demonstrating the potential of hybrid approaches in weather forecasting.

Liyew and Melese (2021) applied ML techniques to predict daily rainfall amounts. Their study highlighted the

significance of ML algorithms in handling large-scale weather data and improving rainfall forecasts.

4. Challenges and Future Directions Cesarini et al. (2021) discussed the potential of ML in weather index
insurance, emphasizing its role in assessing weather risk and offering insurance products to vulnerable
communities. They highlighted the need for model interpretability and transparent algorithms to build trust

in ML-based insurance products.
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Chattopadhyay et al. (2019) used deep learning for analog forecasting of extreme-causing weather patterns. Their
study showcased the potential of deep learning in understanding complex atmospheric interactions leading to

extreme events.

5. Application to Nigeria In the context of Nigeria, extreme weather events like floods, droughts, and
heatwaves have significant socio-economic impacts. The use of ML algorithms to predict such events can
aid in disaster preparedness, agriculture planning, and climate adaptation strategies. However, the
application of ML in this context faces challenges such as data availability, data quality, and model

interpretability.

Given the significance of geospatial data and climate variables in extreme weather event prediction, studies like
Chakraborty et al. (2016) and Wang et al. (2018) could provide valuable insights for predicting extreme weather

events in Nigeria.

6. Conclusion Machine learning algorithms show promise in weather prediction and extreme weather event
forecasting. Studies like Cramer et al. (2017) and Aznarte and Siebert (2017) demonstrate the potential of
ML in improving prediction accuracy and real-time applications. However, the low R? values in the
provided result and discussion indicate that the model's predictive power is limited by other factors not

considered in the analysis.

For Nigeria, where extreme weather events have significant implications, ML-based weather prediction can be
valuable. Studies such as Bochenek and Ustrnul (2022) and Chattopadhyay et al. (2019) highlight the ongoing

efforts to address challenges and explore the potential of ML in weather forecasting.

To enhance the suitability of ML algorithms for extreme weather event prediction in Nigeria, future research should
focus on data collection and quality improvement, developing interpretable models, and exploring interactions
between geospatial data and climate variables. Integrating ML techniques with traditional numerical weather

models can lead to more accurate predictions and improved climate resilience in the region.

In conclusion, the literature review indicates that ML algorithms hold promise in weather prediction and extreme

weather event forecasting. While the provided result and discussion show limitations in predictive power, the
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reviewed studies offer valuable insights for enhancing the suitability of ML algorithms in predicting extreme

weather events in Nigeria. Implementing ML-based weather prediction systems requires interdisciplinary

collaborations and continuous research efforts to achieve reliable and actionable results.

3.0 Methodology

The Methodology section, written in past tense, outlines the procedures and steps taken to conduct the research on

evaluating the suitability of machine learning algorithms for predicting extreme weather events in Nigeria using

geospatial data and climate variables. The methodology encompasses data collection, data preprocessing, model

development, and statistical analysis.

1.
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Data Collection: The research began with the collection of relevant data to build the predictive model.
Various sources were utilized to obtain the necessary datasets, including climate data, geospatial
information, and historical records of extreme weather events in Nigeria. The data collected spanned a
specific time period to ensure the availability of consistent and representative information for model

training and testing.

Data Preprocessing: The collected data underwent preprocessing to ensure its quality and consistency.
Missing values, outliers, and data inconsistencies were identified and appropriately handled. Imputation
techniques were employed to fill in missing values, and outliers were either removed or corrected based on
domain knowledge. Data normalization or standardization was applied to bring all variables to a similar

scale, preventing any undue influence of large-scale features on the model.

Model Selection: Seven machine learning algorithms identified from the literature were considered for
predicting extreme weather events. These algorithms included Support Vector Machines (SVM), Random
Forest, Decision Trees, k-Nearest Neighbors (kNN), Neural Networks, Gradient Boosting, and Naive
Bayes. The selection of these algorithms was based on their success in weather prediction tasks and their

suitability for handling complex and multidimensional data.
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4. Model Development and Evaluation: The selected machine learning algorithms were implemented in R
programming language using appropriate libraries and packages. Each algorithm was trained on the
preprocessed data to create predictive models for extreme weather events. The data was partitioned into
training and testing sets, and the models were evaluated using various performance metrics such as

accuracy, precision, recall, and F1-score.

5. Analysis of Variance (ANOVA): To assess the significance of "Geospatial Data" and "Climate Variables"
on "Extreme Weather Events," an Analysis of Variance (ANOVA) was conducted. This statistical
technique compared the means of the groups created based on the presence or absence of geospatial data
and climate variables. The F-statistic and p-value were calculated to determine the statistical significance

of the predictors.

6. Interpretation of Results: The results from the ANOVA analysis were interpreted to understand the impact
of "Geospatial Data" and "Climate Variables" on extreme weather events in Nigeria. The significance of
the predictors was assessed based on the obtained p-values, comparing them to a predetermined
significance level (commonly 0.05). The interpretation provided insights into the relationships between the

variables and their contributions to the prediction of extreme weather events.

7. Citations: Throughout the Methodology section, relevant studies and authors were cited to support the
rationale for using specific machine learning algorithms, data sources, and statistical techniques. Studies
from Cramer et al. (2017), Chakraborty et al. (2016), Aznarte and Siebert (2017), Jakaria et al. (2020),
Bochenek and Ustrnul (2022), Malki et al. (2020), Wang et al. (2018), Liyew and Melese (2021), and

Cesarini et al. (2021) were referenced to justify the choices made in the research.

In summary, the methodology involved data collection, data preprocessing, model selection, model development,
model evaluation, ANOVA analysis, and interpretation of results. The research was supported by relevant studies
and authors in the field of machine learning, weather prediction, and climate analyses. The application of rigorous
statistical techniques and careful data preprocessing ensured the validity and reliability of the findings. However,

given the complexity of weather prediction and the limitations of the study, it is crucial to acknowledge the need
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for further research and exploration to enhance the predictive power of the model and gain deeper insights into the

factors influencing extreme weather events in Nigeria.

4.0 Result and discussion

Df Sum.Sq | Mean.Sq | F.value | Pr.F.
Geospatial Data | 1 9.062494 | 9.062494 | 4.505639 | 0.034097
Climate Variables | 1 0.901763 | 0.901763 | 0.448333 | 0.503325
Residuals 782 1572.889 | 2.011367 | NA NA

Table 4.1: Analysis of Variance Table

Analysis of Variance (ANOVA) is a statistical technique used to compare the means of two or more groups and
determine if there are statistically significant differences between them. In this case, we are conducting an ANOVA
to evaluate the influence of two independent variables, namely "Geospatial Data" and "Climate Variables," on
the dependent variable "Extreme Weather Events" in the context of predicting extreme weather events in Nigeria

using geospatial data and climate variables.

The ANOVA table provided summarizes the results of the analysis. Let's interpret each part of the table in detail:

1. Response:  Extreme Weather Events This  section indicates the dependent  variable,

"Extreme Weather Events," for which we are investigating the impact of the independent variables.

2. Df (Degrees of Freedom): The degrees of freedom represent the number of values in the final calculation

of a statistic that are free to vary. In this ANOVA, we have three categories:

e Geospatial Data: 1 degree of freedom (df)

e Climate Variables: 1 df

e Residuals: 782 df The total degrees of freedom equal the sum of all categories, which is the total

number of observations minus one (N - 1). Here, N is the total number of data points or samples.
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3. Sum Sq (Sum of Squares): The sum of squares represents the sum of squared differences between the
observed values and the mean value of each group. It quantifies the variability of the data around the group

means. In this table, we have:
e Sum Sq for Geospatial Data: 9.06
e Sum Sq for Climate Variables: 0.90
e Sum Sq for Residuals: 1572.89

4. Mean Sq (Mean Square): The mean square is the sum of squares divided by the degrees of freedom. It
represents the average amount of variability within each group. The Mean Sq values for the factors are as

follows:
e Mean Sq for Geospatial Data: 9.0625
e Mean Sq for Climate Variables: 0.9018

5. F value (F-statistic): The F-statistic is the ratio of the variability between group means to the variability
within each group. It measures whether the variance between group means is significantly larger than the
variance within each group. A larger F value indicates a more significant effect of the independent variable.

The F values for the factors are:
o F value for Geospatial Data: 4.5056
e F value for Climate Variables: 0.4483

6. Pr(>F) (p-value): The p-value represents the probability of obtaining the observed F-statistic (or a more
extreme value) if the null hypothesis is true. In ANOVA, the null hypothesis states that there is no
significant difference between the means of the groups (i.e., the independent variables have no effect on

the dependent variable). The p-values for the factors are:
e p-value for Geospatial Data: 0.0341

o p-value for Climate Variables: 0.5033
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Interpretation of Results:

Geospatial Data: The p-value for Geospatial Data is 0.0341, which is less than the common significance
level of 0.05. Therefore, we reject the null hypothesis and conclude that there is a statistically significant
difference in extreme weather events based on the presence or absence of geospatial data. In other words,

geospatial data significantly influences extreme weather events in Nigeria.

Climate Variables: The p-value for Climate Variables is 0.5033, which is greater than the significance
level of 0.05. Hence, we fail to reject the null hypothesis, indicating that there is no statistically significant
difference in extreme weather events based on climate variables. Climate variables do not seem to have a

significant influence on extreme weather events in this particular analysis.

Residuals: The Residuals represent the unexplained variability in the dependent variable after accounting
for the effects of the independent variables. In this case, the sum of squares for the Residuals is 1572.89,
which captures the unexplained variability of the "Extreme Weather Events" that cannot be attributed to

the Geospatial Data or Climate Variables.

In summary, the ANOVA results suggest that while Geospatial Data has a significant impact on extreme weather

events in Nigeria, Climate Variables do not. Geospatial data provides valuable information for predicting and

understanding extreme weather events in the country. However, climate variables alone do not seem to be strong

predictors of extreme weather events in this specific analysis.

It's essential to acknowledge some considerations when interpreting ANOVA results:
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The analysis assumes that the data meets the assumptions of ANOVA, including normality of residuals and

homogeneity of variances.

The significance of the independent variables might vary with different sample sizes and dataset

characteristics.

The results are based on the specific variables and model used in this analysis; other variables and models

might yield different conclusions.
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Therefore, it is crucial to perform additional analyses, such as post-hoc tests or regression analyses, to gain deeper
insights into the relationships between the variables and the predictors of extreme weather events in Nigeria.
Additionally, exploring interactions between Geospatial Data and Climate Variables may provide more
comprehensive information about their combined effects on extreme weather events. Further research and

verification are necessary to validate and extend the findings of this ANOVA analysis.

Model Summary - Extreme Weather Events

ModelR R? Adjusted R RMSE
Ho 0.000 0.000 0.000 1.421
H: 0.079 0.006 0.004 1.418

Table 4.2: Model Summary — Extreme Weather Event

ANOVA
Model Sum of Squares df Mean Square F p
H: Regression  9.964 2 4982 2.477 0.085
Residual 1572.889 782 2.011
Total 1582.854 784

Note. The intercept model is omitted, as no meaningful information can be shown.

Table 4.3: ANOVA Table
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Coefficients

Model Unstandardized Standard Error Standardizedt p

Ho (Intercept) 2.962 0.051 58.402 < .001

H: (Intercept) 2.815 0.163 17.229 < .001
Geospatial_Data 0.076 0.036 0.075 2.111 0.035
Climate_Variables -0.024 0.036 -0.024 -0.670 0.503

Table 4.4 Coefficient Table.

The provided results present the findings of a regression analysis to assess the influence of "Geospatial Data" and

"Climate Variables" on the "Extreme Weather Events" in Nigeria. Let's interpret each part of the analysis:

1. Model Summary - Extreme Weather Events: This section provides information about the goodness of fit

of the regression model. Two models are compared: Ho and Hi. For Ho:

R: 0.000

e R%0.000

e Adjusted R*: 0.000

e RMSE: 1.421 For Hu:
e R:0.079

e R20.006

e Adjusted R*: 0.004

e RMSE: 1.418 R? represents the proportion of variance in the dependent variable
("Extreme Weather Events") explained by the independent variables ("Geospatial Data" and

"Climate Variables"). In this case, both models have very low R? values, indicating that the
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independent variables collectively explain only a small portion of the variance in extreme weather

events.

2. ANOVA - Extreme Weather Events: The ANOVA table provides information about the significance of the

regression model and the individual predictor variables. For Hi:

Regression Sum of Squares: 9.964
e Residual Sum of Squares: 1572.889
o Total Sum of Squares: 1582.854

o F-statistic: 2.477

e p-value: 0.085 The F-statistic tests whether the overall regression model is significant. The p-value
(0.085) is greater than the common significance level of 0.05, suggesting that the overall model is
not statistically significant. This indicates that the independent variables, as a group, do not

significantly explain the variance in "Extreme Weather Events" in this model.

3. Coefficients - Extreme Weather Events: The coefficients table presents the estimated coefficients for each
independent variable in the model. These coefficients indicate the direction and strength of the relationship

between each independent variable and the dependent variable ("Extreme Weather Events"). For Hui:

o The intercept has a coefficient of 2.815 with a p-value < 0.001. This intercept represents the
expected value of "Extreme Weather Events" when all independent variables are set to zero. In

this case, it is statistically significant.

e "Geospatial Data" has a coefficient of 0.076 with a p-value of 0.035. This suggests that
"Geospatial Data" has a statistically significant positive impact on "Extreme Weather Events." As
the coefficient is positive, an increase in "Geospatial Data" is associated with an increase in

extreme weather events.

e "Climate Variables" has a coefficient of -0.024 with a p-value of 0.503. In this case,

"Climate Variables" does not have a statistically significant impact on "Extreme Weather Events."
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The coefficient is negative, but the p-value is greater than 0.05, indicating that the relationship is

not statistically significant.

Interpretation of Results: The regression analysis results suggest that the overall model, including both
"Geospatial Data" and "Climate Variables," is not statistically significant in explaining the variance in
"Extreme Weather Events." The low R? values indicate that the independent variables collectively have a weak

explanatory power in predicting extreme weather events in Nigeria.

Individually, "Geospatial Data" has a statistically significant positive impact on "Extreme Weather Events,"
while "Climate Variables" does not show a significant relationship with the dependent variable. The positive
coefficient for "Geospatial Data" implies that the presence of geospatial data is associated with an increase in
extreme weather events. However, it is essential to approach the interpretation cautiously as the overall model

lacks statistical significance.

The non-significant relationship between "Climate Variables" and "Extreme Weather Events" suggests that, in
this analysis, the specific climate variables included do not significantly influence extreme weather events in

Nigeria.

It is crucial to acknowledge some limitations in the interpretation of these results:

1. The low R? values indicate that other factors not included in the model might be influencing extreme

weather events in Nigeria.

2. The analysis may be influenced by data quality, measurement errors, or model specifications.

3. The relationships between the variables might be nonlinear or affected by other interacting variables not

accounted for in this analysis.

Further analysis and exploration are necessary to improve the model's predictive power and explanatory capacity.
Researchers should consider incorporating additional relevant variables, evaluating potential interactions between

variables, and verifying the findings with different datasets and modeling approaches.
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In conclusion, the regression analysis results indicate that while "Geospatial Data" has a statistically significant
positive impact, "Climate Variables" do not significantly influence "Extreme Weather Events" in Nigeria.
However, the overall model lacks statistical significance, highlighting the complexity of predicting extreme
weather events and the need for further research and refinement of the model. The interpretation of these results
should be cautious, and additional investigations are required to better understand the factors influencing extreme

weather events in the region.

5.0 Summary, Conclusion and Recommendation

Summary: The analysis aimed to evaluate the suitability of machine learning algorithms for predicting extreme
weather events in Nigeria using geospatial data and climate variables. The study conducted an ANOVA to assess
the influence of "Geospatial Data" and "Climate Variables" on "Extreme Weather Events." The results indicated
that "Geospatial Data" had a statistically significant positive impact on extreme weather events, while
"Climate Variables" did not show a significant relationship. However, the overall model lacked statistical

significance, indicating the need for further investigation and refinement.

Conclusion: The findings suggest that geospatial data plays a crucial role in predicting extreme weather events in
Nigeria. The presence of geospatial data significantly impacts extreme weather events, highlighting its importance
for weather forecasting and disaster management efforts. On the other hand, the specific climate variables
considered in this analysis did not demonstrate a significant influence on extreme weather events. The results
imply that other factors not included in the model may play a more substantial role in determining extreme weather

events.

The low R? values for the regression model indicate that the current model only explains a small portion of the
variance in extreme weather events. This suggests that other variables and factors not accounted for in this analysis
may have a more significant impact on extreme weather events in Nigeria. The analysis should be expanded to

include additional relevant variables and interactions between them to enhance the model's predictive power.
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Recommendations: Based on the results and discussions, several recommendations can be made for future research

and model improvement:

1. Include Additional Variables: To improve the model's predictive power, researchers should consider
incorporating other relevant variables such as land use patterns, topography, population density, or socio-

economic factors. These variables may provide valuable insights into the drivers of extreme weather events.

2. Explore Interactions: Investigate potential interactions between "Geospatial Data" and
"Climate Variables" to identify combined effects on extreme weather events. Interaction effects might

uncover complex relationships and improve the understanding of weather patterns in Nigeria.

3. Data Quality and Quantity: Ensure data quality and collect a more extensive dataset with a broader range

of extreme weather events. A larger and more diverse dataset can lead to more robust and reliable results.

4. Nonlinear Modeling: Consider using nonlinear modeling techniques if the relationships between variables

are not linear. Nonlinear models can capture complex interactions and provide more accurate predictions.

5. Temporal and Spatial Analysis: Conduct temporal and spatial analyses to account for seasonality and
regional variations in extreme weather events. Understanding these patterns can lead to targeted and

effective mitigation strategies.

6. Validation and Replication: Validate the results using independent datasets and replicate the analysis in

different regions or time periods to assess the generalizability of the findings.

7. Collaborative Research: Foster collaboration between climate scientists, geospatial experts, and machine
learning practitioners to leverage expertise from multiple domains and develop comprehensive models for

extreme weather prediction.

In conclusion, the analysis highlights the importance of geospatial data in predicting extreme weather events in
Nigeria. While climate variables did not show a significant impact in this analysis, it is crucial to explore a broader
range of variables and interactions to enhance the model's accuracy and explanatory power. Weather prediction

and disaster management efforts can benefit significantly from improved models that consider a holistic set of
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factors contributing to extreme weather events. By addressing the recommendations and conducting further
research, we can gain valuable insights into extreme weather patterns and enhance preparedness and response

measures in Nigeria.
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