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1. [bookmark: _Toc588176831][bookmark: _Toc1306722658][bookmark: _Toc992640117]Introduction

This report is based on a data science and statistics project exploring and analyzing climate data in Wales. The main tasks reported include plotting summer temperature trends, calculating the correlation between annual rainfall and maximum temperature, performing a t-test for summer minimum temperatures, and performing an analysis of variance (ANOVA) for annual wet days. Each task is explained in detail, including the workflow of the code, explanation of the data extraction process, and statistical analysis.

In the first part of the report, we loaded the necessary libraries through the R programming language and used ggplot2 to plot the trend of average summer temperatures from 1892 to 2022. In addition, we conducted a correlation analysis between the annual total rainfall and the annual maximum temperature, and performed a t-test for the summer minimum temperature to test whether the temperature changes in the two different periods were significant. Finally, we performed an ANOVA on the number of annual wet days to examine differences in the number of wet days across decades.

In the second part, the report summarizes the project challenges, learnings, and improvements. Among them, the importance of data cleaning, statistical analysis interpretation and R programming is emphasized. By completing this project, the author not only deepened his understanding of the R programming language, but also learned how to apply different statistical methods to solve practical problems.

2. [bookmark: _Toc620771476][bookmark: _Toc1919938784][bookmark: _Toc1649476523]Code Explanation 

2.1 [bookmark: _Toc830640006][bookmark: _Toc321862866][bookmark: _Toc885522938]Graph the average seasonal maximum temperature in summer from 1892 to 2022

First, we load the required R libraries, including readxl for reading Excel files, ggplot2 for plotting, stats for statistical analysis, and tidyr for data sorting. Next, we load the maximum temperature data from the Excel file and read the respective worksheet through the read_excel function.

library(readxl)
library(ggplot2)
library(stats)
library(tidyr)

max_temp_data <- read_excel("Desktop/WalesClimateData.xlsx", sheet = "MaxTemp")
min_temp_data <- read_excel("Desktop/WalesClimateData.xlsx", sheet = "MinTemp")
rainfall_data <- read_excel("Desktop/WalesClimateData.xlsx", sheet = "Rainfall")

Next, we aggregate the data to obtain the average summer temperature for each year. Through the aggregate function, we calculate the average summer temperature for each year.

average_sum_temp <- aggregate(sum ~ year, data = max_temp_data, mean)

To plot the data for each decade, we selected years separated by 10 years between 1892 and 2022.

decade_years <- seq(1892, 2022, by = 10)
selected_years <- average_sum_temp$year %in% decade_years
selected_data <- average_sum_temp[selected_years, ]

Finally, we use ggplot2 to draw the line chart.

ggplot(selected_data, aes(x = year, y = sum)) +
   geom_line() +
   labs(
     title = "Average Seasonal Summer Temperatures (1892-2022)",
     x = "Year",
     y = "Average Summer Temperature"
   ) +
   theme_minimal()

Flow chart:
[image: ]
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This chart shows the trend in average summer temperatures from 1892 to 2022. By looking at the graph, you can see whether summer temperatures are showing a long-term trend, such as warming or cooling.

[bookmark: _Toc1922875342][bookmark: _Toc37882069][bookmark: _Toc922345256]2.2 Calculate the correlation between total annual rainfall and annual maximum temperature

In order to calculate the correlation between annual total rainfall and annual maximum temperature, you first need to ensure that both data sets have the same year. We use the intersect function to find common years in both datasets.

common_years <- intersect(rainfall_data$year, max_temp_data$year)
Next, we use the cor function to calculate the correlation.

correlation <- cor(
   rainfall_data$ann[rainfall_data$year %in% common_years],
   max_temp_data$ann[max_temp_data$year %in% common_years]
)
print(correlation)

Flow chart:
[image: ]

> print(correlation)
[1] 0.0725137
Through the printed correlation coefficient, we can understand the strength and direction of the linear relationship between annual total rainfall and annual maximum temperature. A correlation coefficient close to 1 indicates a positive correlation, a correlation coefficient close to -1 indicates a negative correlation, and a correlation coefficient close to 0 indicates no correlation.

[bookmark: _Toc284469291][bookmark: _Toc1028774171][bookmark: _Toc1319753546]2.3: Perform a t-test for summer minimum temperatures between two periods

To perform a t-test for minimum summer temperatures, we use the min_temp_data dataset. First, we extract data for two periods from this dataset.

t_test_result <- t.test(
   min_temp_data$aug[min_temp_data$year >= 1890 & min_temp_data$year <= 1910],
   min_temp_data$aug[min_temp_data$year >= 2000 & min_temp_data$year <= 2020]
)
print(t_test_result)

Flow chart:
[image: ]
Welch Two Sample t-test

data:  min_temp_data$aug[min_temp_data$year >= 1890 & min_temp_data$year <= 1910] and min_temp_data$aug[min_temp_data$year >= 2000 & min_temp_data$year <= 2020]
t = -4.6707, df = 39.819, p-value = 3.388e-05
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
 -1.5555841 -0.6158445
sample estimates:
mean of x mean of y 
 10.24286  11.32857 

The results of the t test include test statistics, degrees of freedom, p-value, etc. When the p-value is less than the significance level (usually 0.05), we reject the null hypothesis, indicating that there is a significant difference in the summer minimum temperature between the two periods.

[bookmark: _Toc776775615][bookmark: _Toc1216650000][bookmark: _Toc1886741406]2.4 : Perform an analysis of variance (ANOVA) on the number of annual wet days within each complete decade
Code explanation:

First, we add a grouping variable to the dataset representing each complete decade and calculate the variance in wet days for each grouping.

rainfall_data$decade <- cut(rainfall_data$year, breaks = seq(1890, 2020, by = 10))
variability_check <- rainfall_data %>%
   group_by(decade) %>%
   summarize(variability = sd(ann)) %>%
   arrange(desc(variability))
If the variance of each group is large enough, we perform ANOVA.

if (max(variability_check$variability) > 0) {
   rainfall_data$decade <- as.factor(rainfall_data$decade) # Convert to factor
   anova_result <- oneway.test(ann ~ decade, data = rainfall_data)
  
   # Print ANOVA summary
   print(anova_result)
  
   # Post hoc tests if ANOVA is significant
   if (anova_result$p.value < 0.05) {
     post_hoc <- TukeyHSD(anova_result)
     print(post_hoc)
   }
} else {
   print("Not enough variability within groups for ANOVA.")
}

Flow chart:
[image: ]
One-way analysis of means (not assuming equal
	variances)

data:  ann and decade
F = 1.6527, num df = 12.000, denom df = 45.376,
p-value = 0.1106

ANOVA test is used to compare the difference between the variance between groups and the variance within the group.
The null hypothesis in ANOVA assumes that there is no significant difference between the group means. In other words, all groups have the same population mean.
The alternative hypothesis suggests that at least one group mean is different from the others.
Since the p-value (0.1106) is greater than the commonly used significance level of 0.05, we do not have enough evidence to reject the null hypothesis.
The F-value of 1.6527 is not large enough to conclude that there is a significant difference between the means of the groups.
In summary, based on the provided results, we do not have sufficient evidence to reject the null hypothesis, and we do not conclude that there is a significant difference in the means of the groups.

3. [bookmark: _Toc719279040]Data Extraction and Data Storage:

[bookmark: _Toc737376317]3.1 Data Extraction

In every task, data extraction is a crucial step. For these tasks, we used different methods to extract the required data from the data frame.

Plot average summer temperature trends:
Use the aggregate function to calculate the average summer temperature for each year.
By selecting specific years, ensure that only data from each decade is plotted.

Calculate the correlation between total annual rainfall and annual maximum temperature:
Use the intersect function to find common years in two datasets.
Data on rainfall and maximum temperature were extracted using common years and correlation analysis was performed.

Perform a t-test for minimum summer temperatures:
Summer minimum temperature data for two periods are extracted directly from the min_temp_data dataset.

Perform an analysis of variance (ANOVA) for annual wet days:
By adding a grouping variable representing each complete decade and using the sd function to calculate the variance in the number of wet days for each grouping.
Only perform ANOVA if the within-group variance is large enough.

[bookmark: _Toc2103116629]3.2 Data Storage

Throughout the project, we used the DataFrame structure in R to store the imported climate data. Specifically, we loaded the data for maximum temperature, minimum temperature, and rainfall respectively, storing them in data frames named max_temp_data, min_temp_data, and rainfall_data respectively.

Maximum temperature data (max_temp_data):
Use the read_excel function to read the maximum temperature data from the Excel file.
The data frame in which the data is stored contains the year (year) and the maximum summer temperature (sum).

max_temp_data <- read_excel("Desktop/WalesClimateData.xlsx", sheet = "MaxTemp")

Minimum temperature data (min_temp_data):
Also use the read_excel function to read the minimum temperature data from the Excel file.
The data frame in which the data is stored contains the year and the minimum summer temperature (for example, aug means August).

min_temp_data <- read_excel("Desktop/WalesClimateData.xlsx", sheet = "MinTemp")

Rainfall data (rainfall_data):
Use the read_excel function to read rainfall data from an Excel file.
The data frame in which the data is stored contains year (year) and annual rainfall (ann).
rainfall_data <- read_excel("Desktop/WalesClimateData.xlsx", sheet = "Rainfall")

Such a data storage structure allows us to easily access and process different types of climate data, and perform necessary analysis and visualization in subsequent tasks.

4. [bookmark: _Toc714671192][bookmark: _Toc2044746913][bookmark: _Toc1647837630]Summary and reflection

In the process of completing this report, I faced some challenges and also learned some important things.

Challenges:
Data Cleaning and Wrangling: Data cleaning and wrangling is often a complex process when dealing with real-world data. It can take considerable effort to ensure that different data sets have the same year, are formatted consistently.
Interpretation of Statistical Analysis: When conducting statistical analysis, it is critical to understand the statistical and practical significance of the results. In the report, the statistical analysis results for each question are clearly explained to ensure that readers can understand their meaning.

Knowledge learned:
R Programming: Through this project, I deepened my understanding of the R programming language. Using R for data analysis and statistics is an important skill in the field of data science.
Statistical Analysis: I learned how to perform statistical methods such as t-tests, correlation analysis, and analysis of variance to test and compare different issues in a data set.

Improvements:
Better documentation: In future projects, I would like to better document my code so that it can be more easily understood and reused by others or myself.
More systematic data exploration: Before performing statistical analysis, it may be more beneficial to explore the data in more depth. This can include visualization, descriptive statistics, outlier handling, etc.
Overall, this project has greatly improved my academic and practical abilities. By applying theoretical knowledge to real-world problems, I gained a deeper understanding of the importance of data science and statistical analysis.

5. [bookmark: _Toc602686273][bookmark: _Toc2028047497][bookmark: _Toc1257935698]Use of Chatgpt 

In the process of writing my code, I encountered several difficulties when it comes to successfully execute the task described. So I used chatgpt to help me analyze the problems and errors and eventually fullfilled the taskes.
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@ You

Error in cor(rainfall_data$ann, max_temp_data$sum) :
incompatible dimensions
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Solution 1: Check Data Dimensions

Ensure that the dimensions of the relevant columns match. Print the dimensions of the

relevant columns to debug:

() Copy code

print( (rainfall_data$ann))
print( (max_temp_data$ ))

Solution 2: Merge Dataframes

Merge the dataframes based on the common "year" column and then calculate the

correlation:

() Copy code

merged_data <- merge(rainfall_data, max_temp_data, by =

correlation <- cor(merged_data$ann, merged_data$

print(paste(
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Solution 3: Convert to Numeric

Ensure that the columns are treated as numeric before calculating the correlation:

() Copy code

rainfall_data$ann <- (rainfall_data$ann)
max_temp_data$ <- (max_temp_data$ )
correlation <- cor(rainfall_data$ann, max_temp_data$ , use =

print(paste(

Choose the solution that best fits your situation. If none of these solutions work, please

provide additional details about the structure of your data, and I'll do my best to assist

further.
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@ You

When | check the dimensions of rainfall_data$ann and max_temp_data$sum, they all
showed NULL

ChatGPT

If the dimensions of “rainfall_data$ann’ and “max_temp_data$sum™ are showing as
"NULL ", it suggests that there might be an issue with these specific columns in your datasets.
Let's try to identify and address the problem.

Firstly, let's ensure that the "ann" and "sum" columns are present in the respective data

frames. Check the column names using:

() Copy code

print(colnames(rainfall_data))

print(colnames(max_temp_data))

Make sure that the column names are correctly specified as "ann" and "sum". If they are

different, replace them in the subsequent code.

Next, let's check if the "year" column is present and numeric in both data frames:
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() Copy code

print(colnames(rainfall_data))

print( (rainfall_data$year))

print(colnames(max_temp_data))

print( (max_temp_data$year))

Ensure that the "year" column is present and is of numeric type. If not, convert it to numeric

as mentioned before.

Lastly, try calculating the correlation after ensuring that "year" is a common column and is

numeric:

() Copy code

rainfall_data$year <- (rainfall _data$year))

max_temp_data$year <- (max_temp_data$year))

merged_data <- merge(rainfall_data, max_temp_data, by =

correlation <- cor(merged_data$ann, merged_data$

print(paste("Correlation between Total Annual Rainfall
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@ You

> # 4. Perform ANOVA test for annual numbers of wet days in each complete decade
> rain_days_anova <- aov(rainfall_data$ann ~ cut(rainfall_data$year, breaks = seq(1890,
2020, by =10)))
> # Post hoc tests if ANOVA is significant
> if (summary(rain_days_anova)$'Pr(>F)'[1] < 0.05) {
+ post_hoc <- TukeyHSD(rain_days_anova)
+ print(post_hoc)
+}
Error in if (summary(rain_days_anova)$"Pr(>F)"[1]1 < 0.05){:
argument is of length zero
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I see. It seems that the issue might be related to the fact that the ANOVA test is not returning
a p-value. This can happen when there is not enough variability in the data to perform a
meaningful ANOVA. To address this, you might consider a different approach, such as

checking the variability within each group before performing the ANOVA.

Here's an updated version of the code that includes a check for variability within each group:

R () Copy code

rainfall_data$decade <- cut(rainfall_data$year, breaks = seq( 5 , by
variability_check <- rainfall_data %>%

group_by(decade) %>%

summarize(variability = sd(ann)) %>%

arrange(desc(variability))
print(variability_check)

ke i ll € (variability_check$variability) > 0) {
rain_days_anova <- aov(rainfall_data$ann ~ decade)

print(summary(rain_days_anova))
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# Print ANOVA summary

print(summary(rain_days_anova))

# Post hoc

ts if ANOVA is significant
(summary(rain_days_anova)$ [1] < 0.05) {
post_hoc <- TukeyHSD(rain_days_anova)

print(post_hoc)

This version checks the variability within each decade before attempting the ANOVA. If

there's not enough variability, it prints a message indicating that there's not enough

information for the ANOVA test. Adjust the grouping strategy or consider additional data if

needed.
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