Part One: code explanation
Code Introduction:
Libraries required to import the program (need to download in advance)
library(readxl): Loads the readxl library, which is used to read the required data from an Excel file.
Library(dplyr): Loads the dplyr library, which provides a set of easy-to-use data processing functions.
library(ggplot2): Loads the ggplot2 library, which is used to visualize the data.
library(tidyr): Loads the tidyr library, although it is not used directly in this code.
data <- read_excel("C:/Users/tyf/Desktop/Wales_Climate_Data.xlsx"): This code reads the data needed for the experiment from an Excel file with a specified path and stores the data in the data frame "data".

Task 1: Find the max average seasonal temperature per decade (1892-2022) (as summer usually has the highest temperature in a year, so I choose summer to finish this task)
Code description: 
data %>% filter(year >= 1892 & year <= 2022): Filters out data from 1892 to 2022 in the dataset.
mutate(decade = floor((year - 1892) / 10) * 10 + 1892): Calculate the start year of the time period to which each year belongs.
group_by (decade): Group data into groups of each decade.
summarize(average_summer_temp = mean(sum, na.rm = TRUE)): Calculates the average summer temperature for each decade.
ggplot(aes(x = decade, y = average_summer_temp)) + geom_line(): Visualize the average summer temperature for each decade using a line plot in one graph.
labs(title = "Decadal Average of Summer Temperature (1892-2022)", x = "Decade", y = "Average Summer Temperature"): This line of code is used to add the title of the chart and the label of the axes, which can help to understand the graph..

Function introduction:
Data Read (read_excel): Download the required data from the 'Wales_Climate_Data.xlsx' file into R's specified data frame, which is the starting point for data processing.
Data filter: Use the code "filter(year >= 1892 & year <= 2022)" to select data between 1892 and 2022 to ensure that the data analyzed is focused on this specific time period.
Calculate the ten-year period (mutate): The time period to which each year belongs is calculated by the code "mutate(decade = floor((year - 1892) / 10) * 10 + 1892)" in order to group the data into ten years.
Data grouping and summarizing (group_by and summarize): Use "group_by (decade)" to group the data by decade, and then use "(summarize(average_summer_temp = mean(sum, na.rm = TRUE)))" to calculate the average summer temperature for each decade.
Data Visualization (ggplot): Use ggplot2 to generate line graphs showing the average summer temperatures for each decade and visualizing the results for easy analysis.
Statistical significance: This task does not require a statistical significance test, and the focus of the person is on calculating and visualizing the average summer temperature for each decade.

Flowchart of the script (made by ChatGPT):
[image: ]

Result of the script:
[image: ]

Task 2: Explore the correlation between the number of rainy days per year and summer temperatures
Code Introduction:
correlation_result <- cor.test(data$ann, data$sum, method = "pearson", use = "complete.obs"): This code is designed to perform a Pearson correlation test to determine the correlation between annual rainfall days (ANN) and summer temperature (SUM).
print(correlation_result): Used to print the results of the correlation test.

Function introduction:
Cor.test: Using cor.test(data$ann, data$sum, method = "pearson", use = "complete.obs") to calculate and determine the Pearson correlation between annual rainfall days and summer temperatures, this step is designed to reveal whether the two variables are linearly related.

Assumptions and results implications: 
Null hypothesis (H0): There is no correlation between the number of rainy days per year and summer temperatures.
Alternative Hypothesis (H1): There is a significant correlation between the number of annual rainfall days and summer temperature.
The results include a correlation coefficient to indicate the strength and direction of the relationship, and a p-value to indicate whether the result is statistically significant.
Print: Outputs the results of the correlation test, including the correlation coefficient and p-value, to explain whether there is a correlation between the two variables.

Flowchart of the script (made by ChatGPT):
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result of the script:
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Task 3: Perform a t-test for each August temperature difference between 1890-1910 and 2000-2020
Code Introduction:
temp_early <- filter(data, year >= 1890 & year <= 1910)$aug: Filters out temperature data for August between 1890 and 1910.
temp_late <- filter(data, year >= 2000 & year <= 2020)$aug: filters out the temperature data for August from 2000 to 2020.
t_test_result <- t.test(temp_early, temp_late): Performs a t-test on data from these two periods.
print(t_test_result): Prints the results of the t-test.

Function introduction:
Data filtering: Temperature data of each August from 1890 to 1910 and 2000 to 2020 are filtered in preparation for the t-test.
T-test (t.test): Use the code "t.test(temp_early, temp_late)" to compare the average of August temperatures over two periods and test for statistically significant differences between these averages.

Assumptions and results implications:
Null hypothesis (H0): There is no difference in temperature between 1890-1910 and August 2000-2020.
Alternative Hypothesis (H1): There is a significant difference in temperature between August 1890-1910 and 2000-2020.
The t-test is used to assess whether the observed temperature difference is statistically significant, and the p-value derived from the test can be used to indicate whether H0 should be rejected.
Print: Outputs the results of the t-test, including the t-value and p-value, to determine the difference in temperature between the two periods.

Flowchart of the script (made by ChatGPT):
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Result of the script:
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Task 4: Analysis of variance for the number of annual rainfall days by decade
Code Introduction:
data %>% filter(year > = 1891 & year <= 2020) %>% mutate(decade = floor((year - 1891) / 10) * 10 + 1891): Similar to the previous task, this code is used to filter out data from 1891 to 2020 and calculate the decade to which it belongs.
group_by(decade) %>% summarize(avg_annual_rainfall = mean(ann, na.rm = TRUE)): Group the data by decade and calculate the average number of annual rainfall days for each decade.
aov(avg_annual_rainfall ~ decade, data = .) %>% summary(): Perform an analysis of variance (ANOVA) on the data to compare whether there is a significant difference in the average of the annual rainfall days over different decades.
print(): Prints the results of the ANOVA.

Function introduction:
Data filtering and grouping (filter and mutate): Filter out data from 1891 to 2020 and calculate the decade to which it belongs.
Calculate the average number of rainy days (summarize): Use the code to calculate the average annual number of rainy days for each decade in preparation for ANOVA.
Analysis of Variance (AOV): Analysis of Variance (AOV(avg_annual_rainfall ~ Decade, Data = .) ) to test whether there is a significant difference in the number of annual rainfall days in different decades.

Assumptions and results implications:
Null hypothesis (H0): There is no difference in the average annual rainfall days for all decade.
Alternative Hypothesis (H1): There is a significant difference in the average number of annual rainfall days for at least two decades.
Analysis of variance (ANOVA) is used to test whether there is a significant difference in the average number of annual rainfall days over a decade. A significant p-value indicates that at least one of these decades has a different average with the others.
Print ANOVA results (print): Use print to output the results of ANOVA, including f-and p-values, to determine if there are significant differences in the number of annual rainfall days between different decades.

Flowchart of the script (made by ChatGPT):
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Result of the script:
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Part Two: Conclusion: Challenges, learnings, and future improvements
In the process of completing this assignment, I also encountered some challenges. The first is the understanding and processing of data, “Wales Climate Data” is a complex data set, and it is a challenge to properly understand and classify the complex climate data in it, especially when working with time series data and grouping the data appropriately, which needs to be considered to ensure the accuracy of the analysis results. The second is to optimize the code on the premise of ensuring the efficiency of the code. Writing code that is both efficient and easy to understand has always been a challenge for me, and to accomplish this, I need to find a balance between writing code that is not too complex and does not sacrifice the performance of the code, which is what I am trying to do in this assignment.

At the same time, I also learned a lot in this assignment. In the process of writing the code, I realized the importance of data preprocessing. Good data preprocessing is the key to the success of a data analysis. Data preprocessing includes data cleansing, transformation, and appropriate grouping. I also learned about the power of R, and through this assignment, I gained a deeper understanding of the power of R in data processing and statistical analysis, especially the use of the dplyr package gplot2 package. After this mission, I have taken the R language a step further. Finally, this assignment deepened my understanding of statistical analysis (t-test and significance analysis) and allowed me to better grasp the application of statistical analysis.

In my future research and studies, I hope to explore data more deeply, including but not limited to more comprehensive statistical analysis tasks and data visualization tasks, and I believe that more attempts will allow me to gain a more comprehensive understanding of data. At the same time, I hope that through practice and learning, I can improve the efficiency and readability of my code and write code more concisely and efficiently by using the functions of R language more effectively. In the future, I hope to try to practice more statistical models and methods, such as predictive modeling and time series analysis, which I believe can help me better understand and analyze data, so that I can complete new tasks even better.

Overall, I gained a lot of experience and knowledge from this assignment, and it can be said to be a valuable learning experience. This experience not only improved my understanding of data analysis and enhanced my mastery of R, but also sparked my passion to further explore and improve my data science skills, and I believe that this experience will benefit me a lot in the future.
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welch Two Sample t-test

data: temp_early and temp_late
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Pearson's product-moment correlation

data: data$ann and data$sum
t = 10.046, df = 137, p-value < 2.2e-16
alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:
0.5437502 0.7377827
sample estimates:
cor
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