Data processing and analysis of weather change in Wales based on R language
Question 1
First, install 'tidyverse', a collection of data manipulation and visualization packages, including 'ggplot2', 'dplyr', 'tidyr', and 'readxl'. Install the 'car' package, which contains many features for enhancing data analysis, and the 'lsmeans' package for calculating the least squares mean of a linear model. In step 2, load the 'tidyverse' package, which comprises 'ggplot2' for data visualization, and 'dplyr' and 'tidyr' for data manipulation. Load the 'readxl' package for reading Excel files. Load the 'ggplot2' package for creating complex graphics, the 'dplyr' package for powerful data manipulation tools such as filtering, sorting, and summarizing, and the 'tidyr' package for organizing complex data into a clear format. Load the 'car' package for useful tools in diagnosing and comparing regression models, and the 'lsmeans' package to calculate adjusted averages. Step 3 involves reading the 'Max Temp' worksheet from the Excel file on the computer's desktop path and storing it in the 'WalesMaxTemp' data frame. In step 4, sift through data from 1892 to 2022 and select specific columns: 'year', 'win', 'spr', 'sum', 'aut', representing the highest temperatures for the year and four seasons, respectively. Select data for each decade ending in 2, as well as data for 1892, to analyze century-long trends. In step 5, convert the 'win' column to numeric to avoid type mismatch errors during plotting. Finally, begin creating graphs using the 'ggplot()' function, set up the 'decade_data' dataset, and map 'aes(x = year)'. Use 'geom_line()' and 'geom_point()' to add lines and points, respectively, representing seasonal changes over time. Set the graph's title and axis labels with 'labs()', customize data colors for different seasons with 'scale_color_manual()', and set the ranges and scales for the X and Y axes with 'scale_x_continuous()' and 'scale_y_continuous()'. The result is a visual chart depicting long-term trends in seasonal maximum temperatures in Wales from 1892 to 2022 in figure 1.
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Fig.1 Flowchart visualising long-term trends in seasonal maximum temperatures in Wales (1892-2022)
[bookmark: _Hlk156439464]After the code execution is complete, a diagram is generated. Figure 2 shows seasonal maximum temperature trends in Wales for each decade from 1892 to 2022, helping to visualize long-term climate data.
[image: ]
Fig.2 Seasonal maximum temperature trends in Wales for each decade from 1892 to 2022
Question 2
[bookmark: _Hlk156374059][bookmark: _Hlk156435086]To start, the 'read_excel' function is utilized to import the 'Rainfall' sheet from the given Excel file, which is then stored in the 'WalesRainfall' dataframe. The second step is to extract the annual rainfall data: Extract the 'year' and 'ann' columns from the 'WalesRainfall' data frame and save them to a new data frame, 'WalesAnnRainfall'. The third step is to extract the previously loaded annual maximum temperature data: Extract the year and annual maximum temperature from the previously loaded 'WalesMaxTemp' data frame and save it to the 'WalesAnnMaxTemp' data frame. Step 4 involves merging the annual rainfall and annual maximum temperature data: Use the 'merge' function to combine 'WalesAnnRainfall' and 'WalesAnnMaxTemp' into a new data frame, 'AnnRainTemp', based on the 'year' column. Step 5 is to separate the rainfall and maximum temperature data: Extract two vectors, 'rainfall' and 'max_temp', from the merged 'AnnRainTemp' data frame, corresponding to the 'ann.x' and 'ann.y' columns in the original data frames, respectively. For step 6, the 'cor' function is employed to determine the Pearson correlation coefficient, assessing the relationship between annual rainfall and maximum temperature using the 'rainfall' and 'max_temp' vectors.Finally, print the result: Use the 'print' and 'paste' functions to display the correlation coefficient result, accompanied by a descriptive message. Figure 3 shows the flow chart of calculating the correlation between the total annual rainfall and the maximum annual temperature.
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Fig.3 Calculate the correlation flowchart between the annual total rainfall and the annual maximum temperature
The results indicate that the Pearson correlation coefficient between annual rainfall and annual maximum temperature is 0.0725136988860542. This suggests a slight upward trend in annual maximum temperature with an increase in annual rainfall, but the relationship is weak.
Question 3
[bookmark: _Hlk156441550]The first step involves using the 'read_excel' function to read the 'Min Temp' worksheet from an Excel file stored at a specific path and storing its data in the 'WalesMinTemp' variable. The second step filters the data from 1890 to 1910 in the 'WalesMinTemp' data frame, specifically focusing on the lowest temperature in August, and stores this data in the 'MinTemp_1890_1910' variable. The third step filters the minimum temperature data for August from 2000 to 2020 and saves it in the 'MinTemp_2000_2020' variable. The fourth step uses the 't.test' function to conduct an independent sample t-test on the minimum temperature data of the two periods. The test is based on the assumption that there's a notable difference in the average minimum temperature for August across the two time periods. Finally, the t-test outcomes, encompassing the t-statistic, degrees of freedom, p-value, and confidence intervals, are displayed. These findings aid in assessing if the mean minimum temperatures for the two periods significantly differ. Figure 4 depicts the flowchart for the T-test, evaluating the variance in minimum temperatures between August 1890-1910 and August 2000-2020.
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Fig.4 T-test the flowchart for evaluating the variance in minimum temperatures between August 1890-1910 and August 2000-2020
The final result is analyzed as follows: The t-value is -4.6707, calculated by comparing the sample mean August minimum temperatures of the two periods. The negative sign indicates that the average for 1890-1910 is lower than that for 2000-2020. The degrees of freedom (df) are approximately 39.819. The original hypothesis posited no significant difference in the average August minimum temperatures between 1890-1910 and 2000-2020. The alternative hypothesis posits a notable disparity in average minimum temperatures for August across the two time frames. With a p-value of 3.388e-05, substantially below the standard threshold for significance, this leads to discarding the initial hypothesis in favor of the alternative, signifying a meaningful difference in the mean minimum temperatures between the two intervals. The confidence interval ranges from -1.5555841 to -0.6158445, with the 95% confidence interval suggesting that the average minimum temperature for 1890-1910 was 1.56 to 0.62 degrees Celsius lower than for 2000-2020. The sample mean values for the two periods were 10.24286 and 11.32857, respectively, further highlighting the difference in minimum temperatures between the two periods. Overall, the results indicate a significant change in the average August minimum temperatures in Wales between 1890-1910 and 2000-2020, with the latter period being warmer than the former. Figure 5 shows the results of T-test for significant differences.
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Fig.5 T-test results for whether there are significant differences
Question 4
[bookmark: _Hlk156446753][bookmark: _Hlk156448156]First, use the 'read_excel' function to read the 'Rain Days' worksheet from an Excel file located at a specific path and store the data in the 'WalesRainDays' variable. In the second step, select the 'year' and 'ann' columns from the 'WalesRainDays' data frame and save them in a new data frame named 'WalesAnnRainDays'. Step 3: Filter the data from 1980 to 2020 in the 'WalesAnnRainDays' data frame. Step 4, use the 'mutate' and 'cut' functions to group the selected data by decade and create a new column 'decade' to represent the decade to which each data point belongs. Step 5, perform ANOVA for 'ann' by 'decade' using the 'aov' function. This was conducted to test whether there were significant differences in the average number of annual rainfall days across different decades. In step 6, print the results of the ANOVA test using the 'print' and 'summary' functions. Figure 6 shows the flowchart of ANOVA test.
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Fig.6 The flowchart of ANOVA test
[bookmark: _Hlk156488101]Analysis of the final result: 'Df' stands for degrees of freedom, 'Sum Sq' for the total sum of squares, 'Mean Sq' for the mean square error, 'F-value' for the F-statistic, and 'Pr(>F)' for the p-value. With a p-value at 0.219, it indicates the likelihood of encountering such data assuming the null hypothesis holds true. Typically, a p-value below 0.05 implies statistically significant group differences. However, in this case, a p-value above 0.05 implies a lack of sufficient evidence to dismiss the null hypothesis, which suggests no substantial difference in the average annual number of rainy days over the decades."1 observation deleted due to missingness" indicates that a data point was removed due to missing data, which may have impacted the accuracy of the analysis. Overall, the ANOVA findings indicate an absence of significant variation in the average number of rainy days across various decades. Figure 7 displays the chart representing these ANOVA test outcomes.
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Fig.7 The chart representing these ANOVA test outcomes
Conclusion
[bookmark: _Hlk156435324]In the process of thinking and editing code, I learned a lot about data processing and statistical analysis, and realized the importance of applying these techniques to practical problems. When filtering the data, conditional statements are used to select the time range from 1892 to 2022. A clear understanding of the dataset's structure is necessary to select the required columns. The filtering of data by decade intervals is not intuitive; here, the modulo operator '%%' is used to find years ending in 2. Since ggplot2 requires numeric data for plotting, I encountered a data type mismatch issue, which was resolved by converting the 'win' column to numeric. A clear understanding of the structure of both the 'WalesRainfall' and 'WalesMaxTemp' datasets is essential when processing and merging them. The 'mutate' and 'cut' functions were used to create a new 'decade' column, dividing the years into different decade intervals for comparison by decade.
Next time, I will use the 'data.table' package, which offers faster data reading and processing capabilities. Using the 'broom' package, the results of statistical analyses can be converted into tidy data frames, facilitating subsequent analysis and visualization.
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Df Sum Sq Mean sq F value Pr(>F)
decade 3 924 308.0 1.546 0.219
Residuals 36 7170 199.2
1 observation deleted due to missingness
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#student name:Yizhao Su

#student number:2204275

# Install and load required packages
install.packages ("tidyverse")
install.packages ("car")
install.packages ("Ismeans")

# Load the necessary libraries for data manipulation and visualization

Tibrary(tidyverse) # For data manipulation and ggplot2

Tibrary(readx1)  # For reading Excel files
Tibrary(ggplot2)  # For creating complex plots from data in a dataframe
Tibrary(dplyr) # For data manipulation

Tibrary(tidyr) # For data tidying

Tibrary(car) # For Companion to Applied Regression
Tibrary(Ismeans) ~ # For least-squares means

## Question 1

# Read the Excel file containing Wales Climate Data, specifically the "Max Temp” sheet

WalesMaxTemp <- read_excel("C:/Users/ASUS/Desktop/Wales Climate Data.csv"

sheet = "Max Temp")

# Filter the data to include only the Seasonal Max Temperature values from 1892 to 2022
# Selecting specific colums: year, winter, spring, summer, autumn temperatures

SeasonalMaxTemp <~ WalesMaxTenp[WalesMaxTenpSyear ~= 1892 & WalesMaxTempSyear <= 2022, c("year", "win”, "spr", "sun”, "aut")]
# select data for every decade starting from 1892

# This helps in analyzing long-term trends over a century
decade_data <- SeasonalMaxTemp[SeasonalMaxTempSyear %% 10

# Convert the 'win' (winter) column to numeric to avoid the 'Discrete value supplied to continuous scale’ error

2 | seasonalMaxTempSyear == 1892, 1

# This is necessary for ggplot2 to interpret the data correctly

decade_data$win <- as.numeric(decade_data$win)

# Plot the graph showing Wales average seasonal maximum temperatures

# Using ggplot2 for data visualization

# Each season is represented with a different color for clarity

ggplot(decade_data, aes(x - year, group — 1)) +
geom_line(aes(y - win, color = "Wintes
geom_line(aes(y = spr, color = "Sprin

geom_line(aes(y = sum, color = "Summe;

geom_Tine(aes(y = aut, color = "Autum
geom_point (aes(y = win), color

geom_point (aes(y = spr), color

geom_point (aes(y = sum), color

geom_point(aes(y - aut), color = ' Y+

Tabs(title - "Wales average seasonal maximum temperatures”,

x

Year", y = "Temperaturs

, color = "Season"
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## Question 2

# Read the Excel file for Annual Rainfall Data
walesRainfall <- read_excel("C:/Users/ASUS/Desktop/wWales Climate Data.csv”, sheet = "Rainfall™)

# Extract Annual Rainfall data from the dataset
walesAnnRainfall <- walesRainfall[c("year”, "ann")]

# Extract Annual Maximum Temperature data from previously loaded dataset
WalesAnnMaxTemp <- WalesMaxTemp[c("year", "ann")]

# Combine Annual Rainfall and Maximum Temperature data into a new dataframe
# The 'merge’ function is used to join these datasets by the ' coTumn
AnnRainTemp <- merge(WalesAnnRainfall, walesAnnMaxTemp, by =

# Extract and separate the annual rainfall and maximum temperature into two vectors|
rainfall <- AnnRainTempSann.x # Annual rainfall data
max_temp <- AnnRainTempSann.y # Annual maximum temperature data

# Calculate the Pearson correlation between annual rainfall and annual maximum temperature
correlation <~ cor(rainfall, max_temp)

# Print the result with a descriptive message
print(paste("Correlation between the total annual rainfall and the annual maximum
temperature correlation))

## Question 3

# Load the Excel file for Minimum Temperature Data
WalesMinTemp <- read_excel("C:/Users/ASUS/Desktop/wales Climate Data.csv", sheet = "Min Temp")

# Filter the data to include minimum temperatures for August between 1890 and 1910
MinTemp_1890_1910 <~ WalesMinTemp[walesMinTempSyear >= 1890 & WalesMinTempSyear <= 1910, c("year”, “aug™)]

# Filter the data to include minimum temperatures for August between 2000 and 2020
MinTemp_2000_2020 <~ WalesMinTemp[walesMinTempSyear >= 2000 & WalesMinTempSyear <= 2020, c("year”, “aug™)]

# Perform a t-test to compare the mean minimum temperatures in August between the two periods
# The t.test function is used to test the hypothesis that the means of two groups are different
t_test_result <~ t.test(MinTemp_1890_19105aug, MinTemp_2000_20205aug)
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# Print the results of the t-test
# This output will include the t-statistic, degrees of freedom, p-value, and confidence interval
print(t_test_result)

## Question 4

# Read the Excel file for Annual Rain Days data
WalesRainDays <- read_excel("C:/Users/ASUS/Desktop/Wales Climate Data.csv", sheet =

Rain Days")

# select only the 'year' and 'ann’ (annual rain days) columns for analysis
WalesAnnRainDays < WalesRainDays[c("year", “ann")]

# Filter and select data from 1980 to 2020
selected_data <~ WalesAnnRainDays [WalesAnnRainDaysSyear >= 1980 & WalesAnnRainDaysSyear <= 2020, 1

# Group the selected data by decade
# The 'cut’ function is used to create decade intervals
selected_data <~ mutate(selected_data, decade - cut(year, breaks - seq(1980, 2020, by = 10)))

# Perform ANOVA (Analysis of variance) to test if there are significant differences in annual rain days across decades
anova_result <- aov(ann ~ decade, data = selected_data)

# Print the summary of the ANOVA test
# The summary includes the F-statistic and the p-value, which indicates statistical significance
print(summary (anova_result))
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Welch Two Sample t-test

data: MinTemp_1890_1910Saug and MinTemp_2000_2020Saug

t = -4.6707, df = 39.819, p-value = 3.388e-05
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