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Abstract

This research presents a comprehensive analysis of the weather characteristics in the city of Seattle over the past few years. Through a detailed
understanding of the distribution of maximum and minimum temperatures, the findings indicate significant fluctuations between summer and
winter seasons. The increasing temperature trend from year to year provides insights into the potential climate changes in the region. Additionally,
rainfall data reveals consistent increases over time, particularly during the winter, with significant impacts on the environment and daily life.
Wind speed stability throughout the year provides insights into wind dynamics, influencing the transportation and maritime sectors. Annual
averages of rainfall, sunshine hours, snowfall, and foggy days provide foundational information for long-term planning and risk management in
Seattle. The percentage of rainy and clear weather throughout the year gives a comprehensive overview of the seasons, facilitating daily activity
planning. Through these findings, the research aims to make a significant contribution to the understanding of the general public, natural resource
managers, and economic sectors regarding the potential impacts and opportunities arising from future weather changes. It is hoped that this
research can serve as a solid foundation in efforts to mitigate and adapt to the continually changing weather dynamics in the city of Seattle.
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1. Introduction

In facing the era of increasing uncertainty in global climate change, a profound understanding of the weather
characteristics in a region becomes a crucial aspect. This is necessary to anticipate more effectively the potential
impacts on the environment and daily life. This research plays a crucial role in unveiling the complexity of weather
dynamics surrounding the city of Seattle. Through a meticulous analysis of maximum and minimum temperature data,
rainfall, wind speed, and overall weather conditions throughout the year [1], deeper and more detailed information can
be accessed. Thus, a more comprehensive understanding of weather variability becomes a crucial foundation for
smarter and more efficient decision-making in addressing challenges arising from climate change.

The importance of this research lies in the in-depth understanding of significant temperature trends, involving data
distribution over several years. The identified temperature increase from year to year reflects potential climate changes
occurring in the region [2]. Additionally, the research contributes significantly to detailing factors that can influence
temperature fluctuations in the area. By detailing these factors, a better understanding of local climate dynamics can
be achieved, identifying potential impacts on the environment and the local community. The presented rainfall data
provides a detailed overview of seasonal and yearly changes, essential for helping communities and economic sectors
plan and manage risks resulting from changing weather conditions [3].

This information plays a key role in responding to challenges that may arise with weather fluctuations. With a deeper
understanding of rainfall patterns, communities and economic stakeholders can adopt more effective strategies in facing
climate change, enhancing their resilience and adaptability.
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Year-long wind speed analysis provides a detailed insight into wind stability, with significant impacts, especially in
the transportation and maritime sectors. Meanwhile, annual averages of rainfall, sunlight hours, snowfall, and foggy
days offer a comprehensive picture of overall weather conditions [4]. These factors not only affect transportation but
also have a significant impact on various other sectors. In-depth knowledge of wind speed can assist in flight route
planning, maritime navigation, and renewable energy resource management. Conversely, understanding annual
weather variability, such as rainfall and sunlight, can support agricultural planning and the selection of crops suitable
for local climate conditions. This research is expected to make a significant contribution to the general public, natural
resource managers, and the economic sector in facing challenges and opportunities that may arise from the changing
weather dynamics in the city of Seattle. With a strong foundation of information, it is hoped that this research can aid
in directing future mitigation and adaptation efforts.

2. Literature Review

2.1. Climate Change and Temperature Dynamics

The study of current global climate change has become a primary focus in atmospheric science. Scientists and
researchers are increasingly attentive to the consistent rise in global temperatures. Analysis of maximum and minimum
temperature data in Seattle has contributed significantly to the scientific literature on climate change. Further
understanding of these temperature trends provides profound insights into the local climate change impacts in that
region [5].

In this context, research focusing on temperature analysis in Seattle has opened new windows of knowledge. The
collected data offers valuable information for understanding climate change patterns and how they affect the local
environment. Discoveries about temperature increase trends not only reflect global changes but also provide more
specific insights into the regional impacts of climate change [6].

The results of this research contribute significantly to scientific literature and support climate change mitigation efforts.
Increased understanding of local climate change can assist both the government and local communities in developing
more effective adaptation strategies. Thus, this research not only has academic impacts but is also relevant to
environmental protection efforts at both local and global levels [7].

2.2.Rainfall Impact on the Environment and Daily Life

Literature related to rainfall and its impacts on the environment and human life proves its relevance in this research
context. Previous studies have revealed valuable information about rainfall patterns, and data analysis from these
studies can offer deep insights into seasonal and yearly fluctuations. This knowledge has the potential to provide a
better understanding of rainfall implications for ecosystem sustainability and its influence on the daily activities of
Seattle's residents [8].

Furthermore, incorporating rainfall data into this research is crucial, allowing the identification of long-term trends that
can affect the daily lives of the population. This research emphasizes the importance of examining the long-term
impacts of rainfall fluctuations, especially in the context of global climate change. Thus, a deeper understanding of
rainfall patterns can positively contribute to environmental and social policy planning in Seattle [9].

In the local context, such as Seattle, the analysis of rainfall data can provide specific information to enhance the city's
resilience to climate change. Implications for water sustainability, flood management, and urban planning can be further
developed based on these findings. Therefore, this research establishes a strong foundation for understanding the role
of rainfall in both local and global contexts, serving as a basis for better decision-making in facing future environmental
challenges.

2.3.Wind Speed and Its Influence on Transportation and Maritime Activities

Analyzing wind speed is a crucial aspect of meteorological studies and atmospheric dynamics. Through the literature
framework, a profound understanding of wind stability throughout the year can be obtained. Various studies not only
provide a general overview of wind speed but also discuss its impacts on air and maritime transportation sectors [10].
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In the meteorological literature context, research on wind speed serves as a primary foundation for understanding
atmospheric stability. These literatures offer insights into variations in wind speed throughout the year and the factors
influencing these changes. Moreover, knowledge gained from this literature also presents how wind speed can affect
travel and navigation in air and maritime transportation [11].

By detailing information through meteorological literature, a deeper understanding of the crucial role of wind speed in
atmospheric stability is achieved. This literature helps present detailed information on how variations in wind speed
can affect weather conditions throughout the year. Additionally, this understanding provides a foundation for
describing the concrete impact of wind speed on the operational aspects of air and maritime transportation, closely
linked with meteorological factors [12].

2.4. Weather Conditions as the Basis for Planning and Risk Management

Based on relevant literature, much has been discussed regarding the theoretical basis of planning and risk management
related to weather conditions. Parameters such as annual average rainfall, sunshine hours, snowfall amounts, and foggy
days in Seattle serve as a solid foundation for understanding risks and opportunities. This understanding forms a crucial
basis for managing climate risks [13].

In this context, this research aims to strengthen this literature foundation and contribute to thinking related to climate
risk management. By further analyzing these weather factors, this research is expected to provide new insights and
more effective strategies in dealing with climate risks in Seattle [14].

Over time, a deep understanding of these weather parameters proves beneficial not only for identifying risks but also
for establishing a solid foundation for formulating more adaptive and responsive climate management strategies in the
face of potential future changes. Thus, this research is expected to make a meaningful contribution to the development
of better climate risk management practices [15].

3. Methodology

Figure 1 illustrates the research flow used in this study.

e N
Data Collection : fetch
data from kaggle

e

Y
s N

Data Exploration and
Visualization

e -
Data Spliting
4

Weather Distribution

Analysis Traini
using count plots and a raining
pie chart. Dataset

-

Machine Learning
Model
Implementation

Gaussian
Naive Bayes
Testing .
Dataset

S

Evaluation ]

Figure 1. Research Workflow
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3.1. Data Collection and Preprocessing

In the crucial phase of data collection and preprocessing, the Seattle weather dataset was obtained from Kaggle [16].
This step ensures the completeness of the required data for accurate analysis. Using the Pandas library, the data is
carefully cleaned, missing values are addressed, and duplicates are identified and removed. This process not only
enhances the integrity of the data but also improves the accuracy of the dataset used.

Furthermore, feature engineering is involved in this stage to enhance the quality of the dataset [17]. Normalization
techniques are applied to adjust the scale of features, while encoding is used to transform categorical data into a format
that can be processed by the model. This is essential to ensure that the dataset features align with the requirements of
the intended model. Thus, data collection and preprocessing are not only initial steps in data analysis but also a solid
foundation for building a reliable model.

3.2. Exploratory Data Analysis (EDA) and Visualization

Exploratory Data Analysis and Visualization are critical stages in understanding the weather dataset [18]. In this phase,
tools such as Matplotlib, Seaborn, and Pandas are employed to generate informative visualizations regarding
temperature patterns, precipitation, and wind speed throughout a specific time period [19]. Through the generated
graphs and plots, temperature fluctuations, precipitation patterns, and wind speed variability can be clearly observed.
Moreover, not limited to visualization, in-depth statistical analysis is also conducted to gain further insights into the
dataset. Through this analysis, hidden trends and patterns can be identified, aiding in more informed decision-making
regarding weather data.

3.3. Model Development and Evaluation

In the steps of model development and evaluation, the Gaussian Naive Bayes classification from scikit-learn is carefully
chosen for weather prediction due to its compatibility with the characteristics of the used dataset [20]. Firstly, the
dataset is divided into two parts, namely the training set and the testing set. In this stage, the model is trained using the
training set to understand the data patterns. After training, the model's performance is evaluated using various metrics,
including accuracy, confusion matrix, and classification report [21]. Accuracy provides an overview of how well the
model can predict the weather correctly, while the confusion matrix gives insights into how well the model can handle
specific classes. The classification report provides more detailed information about the model's performance for each
prediction class. With this approach, it ensures that the developed model not only fits the data used but also has reliable
performance in predicting weather conditions.

4. Results and Discussion

4.1. Distribusi Data Suhu Maksimum dan Minimum di Seattle

In conducting an analysis of the maximum and minimum temperature distribution in Seattle over the past few years,
the data illustrated in Figures 2 and 3 provide a detailed overview of the dynamics of temperature changes during that
period. Through this visualization, it can be clearly observed that the maximum temperature tends to peak during the
summer season, reaching its highest point at around 18 degrees Celsius. Meanwhile, the minimum temperature also
exhibits a similar trend, with the peak of the histogram in the range of about 12 degrees Celsius. This analysis clearly
depicts a consistent pattern reflecting seasonal changes, where temperatures reach their peak during the summer and
decline to their lowest point in the winter. Thus, understanding this temperature distribution can provide deeper insights
into the temperature fluctuations over time in the Seattle region.
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Figure 2. Distribution of Maximum Temperature Data in Seattle

Figures 2 and figure 3 provide detailed depictions of the distribution of maximum and minimum temperatures in Seattle
over the past few years. From these images, it is clear that the maximum temperature in the city tends to reach its peak
during the summer, reaching the histogram's peak at around 18 degrees Celsius. Conversely, the minimum temperature
shows a similar trend to the maximum temperature, but with the histogram peak located around 12 degrees Celsius.
These results reflect a consistent pattern with seasonal changes, where temperatures peak during the summer and reach
their lowest during the winter.
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Figure 3. Distribution of Minimum Temperature Data in Seattle

Furthermore, the normal distribution of temperature data provides an overview that the weather in Seattle during the
observation period tends to be relatively stable. The normal distribution indicates that the majority of temperature data
is centered around the average value, with uniform fluctuations around it. This suggests a balance in temperature
variation, which can serve as a basis for a deeper understanding of the climate characteristics of the city.

This analysis offers significant insights into understanding temperature fluctuations in Seattle and opens up potential
for further applications, such as the development of predictive models that can provide more accurate weather
information in the future. By comprehensively understanding temperature distribution, we can identify long-term trends
and anticipate climate changes that may occur in the region.

4.2. Graphs of Maximum and Minimum Temperatures Each Month Each Year

In the temperature analysis of Seattle during the period from 2012 to 2015, figures 4 and figure 5 depict maximum and
minimum temperatures, providing a consistent picture of the increasing temperature trends from year to year. This
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temperature increase not only reflects seasonal climate changes, such as the peak maximum temperature in August and
minimum temperature in December but also indicates larger climate changes in the region.
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Figure 4. Maximum Temperature in Each Month for Each Year

Figures 4 and figure 5 reflect the maximum and minimum temperatures in Seattle during the period from 2012 to 2015.
Both figures provide a consistent overview of the increasing temperature trends from year to year. This increase
indicates significant climate change in this region. The peak of the maximum temperature occurring in August and the
minimum temperature occurring in December serve as clear indicators that these changes are seasonal. However, these

changes also reflect a larger pattern of climate change, highlighting broader and deeper impacts on the climatic
conditions in the region.
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Figure 5. Minimum Temperature in Each Month in Every Year

The upward trend in temperature, as seen in these images, becomes crucial for stakeholders across various sectors,
including government, businesses, and the general public. With a better understanding of these changes, appropriate
mitigation measures can be taken to reduce their impact. For instance, infrastructure and energy policies can be adjusted
to address potential extreme temperatures in the future. Additionally, community-based approaches, such as education
on climate change adaptation, can also be implemented.

The maximum and minimum temperature data from these images provide a strong foundation for further analysis of
how climate change affects ecosystems, daily life, and other sectors. Therefore, an in-depth understanding of these
temperature trends is not only beneficial for stakeholders directly in Seattle but also globally relevant for
comprehending and addressing the impacts of climate change.

4.3. Monthly Rainfall Each Year

The consistent increase in rainfall patterns in Seattle from 2012 to 2015, as reflected in figure 6, carries significant
implications for several critical sectors. Particularly, changes in the rainy season can have substantial impacts on the
agricultural sector. Plant growth and overall agricultural production are highly influenced by adequate rainfall, and the
peak rainfall in December indicates that intense rainy seasons at the end of the year can play a crucial role in supporting
crop productivity.
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Figure 6. Monthly Rainfall for Each Year

In addition, the impact on the infrastructure sector should also be carefully considered. Increased rainfall can trigger
the risk of floods, landslides, and other disturbances to transportation and settlement infrastructure. Effective planning
and adaptation of infrastructure are becoming increasingly important to address the potential consequences of these
changes in rainfall patterns. Therefore, a profound understanding of rainfall trends as presented in this picture can assist
stakeholders in taking necessary preventive and mitigation measures to protect the community, agriculture, and city
infrastructure from potential impacts. Thus, this research contributes essential insights into risk management and
sustainable planning in Seattle.

4.4. Wind Speed Each Month Every Year

Figure 7 provides in-depth insights into the wind speed in Seattle over the last four years. With relatively constant wind
speeds throughout the year, this picture indicates that the region has considerable stability in terms of average wind
speed. Observations show that the highest wind speeds are recorded in January, indicating that the winter season,
particularly early in the year, tends to experience stronger winds.
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Figure 7. Wind Speed Each Month in Each Year

This wind speed data has significant implications, especially in the transportation sector, particularly air and sea
transportation. High wind speeds can impact the operations of flights and shipping, considering that atmospheric
dynamics can pose additional challenges for aircraft and ship control. Therefore, these results can provide valuable
guidance for stakeholders in planning and managing transportation activities in Seattle, especially during the winter
months that tend to be windier. The sustainability of observing wind speed can also provide further information about
future changes in atmospheric dynamics, which can be utilized to enhance safety and efficiency in transportation in the
region.

4.5. Bar Graph of Average Rainfall, Sunshine, Snowfall, and Fog

Figure 8 illustrates the average amount of rainfall, hours of sunshine, snowfall, and the number of foggy days each year
in Seattle, opening the door to deep insights into the annual climate dynamics in the city.
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Figure 8. Average Annual Rainfall, Sunshine, Snow, and Fog in One Year

This data shows that rainy weather dominates most of the time, reaching its peak in December and contributing
approximately 1,200 millimeters of rainfall per year. Conversely, sunny weather, although not always dominant, has a
significant impact, especially in July with an average of 280 hours of sunshine. Both of these phenomena contribute
significantly to the daily experiences of the inhabitants, as well as to sectors vulnerable to fluctuations in weather
conditions. In addition, data on snow and fog provide additional insights into seasonal variations in Seattle, with the
highest snowfall occurring in January, averaging 30 centimeters, and the highest number of foggy days in January with
an average of 15 days. This information is not only beneficial for planning daily activities but also strengthens our
understanding of climate change and weather phenomena in the Seattle region.

4.6. Percentage of Weather Types in Seattle

The results from figure 9 reveal that rainy weather and sunny weather each contribute about 43.9% of the total days in
a year in Seattle. The high percentage of both types of weather reflects the dynamic climate characteristics in the region.
Rainy weather, with a significant contribution of 43.9%, reflects seasonal conditions that impact the daily activities of
the population, including mability, work, and recreation.
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Figure 9. Distribution of Weather Types
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On the other hand, clear weather, which also has a high percentage, becomes a crucial consideration for the community
and sectors highly dependent on weather conditions, such as tourism and agriculture. A profound understanding of the
distribution of these weather types not only provides insights into daily fluctuations but also establishes a solid
foundation for long-term planning that takes into account seasonal weather variations in Seattle. This data can serve as
a useful basis for relevant parties, both in managing economic activity risks and in making daily decisions related to
weather factors.

5. Conclusion

Based on the analysis of weather conditions in Seattle, findings from the distribution of maximum and minimum
temperatures indicate significant fluctuations between summer and winter. The increasing temperature trend over the
years provides an overview of potential climate changes in the region. Rainfall data shows consistent increases over
time, especially during the winter, which can have a significant impact on the environment and daily life. The relatively
constant wind speed throughout the year provides an understanding of wind stability, which can affect the
transportation and maritime sectors.

Annual averages of rainfall, sunshine hours, snowfall, and foggy days provide a basis for long-term planning and risk
management in Seattle. The percentages of rainy and clear weather throughout the year offer a clear picture of the
seasons and aid in planning daily activities. By detailing these findings, this research aims to provide deeper insights
for the general public, natural resource managers, and economic sectors regarding the impacts and opportunities that
may arise from future weather changes. The hope is that this research can make a significant contribution to efforts to
mitigate and adapt to the ever-changing weather dynamics in the city of Seattle.
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