Advanced Statistical Programming——Data Analysis
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1. Question 1 is designed to create a suitable graphic to illustrate the changes in average seasonal maximum temperatures from 1892 to 2022, with the data plotted for every tenth year instead of annually. Let's introduce each part of my code works:
The code begins by reading data from "WalesClimateData.xlsx" into a data frame called climate, using the read.xlsx function. And the data specifically resides on the first sheet of the excel file, as indicated by the parameter 1 in the function.
As data is imported, the code filters this data frame to include only the rows where the year column values are between 1892 and 2022, and more specifically, the values for every tenth year rather than for every year. This filtered data is stored in a new data frame named climate_year_filter. 
The next step involves selecting specific columns from this filtered data frame. The columns chosen are those related to the seasons (win, spr, sum, aut) along with the year column. The result of this selection is stored in another data frame, climate_season_filter. This step is crucial for focusing the analysis on the seasonal data and the corresponding years.
[image: ]
Following the selection of columns, the code transforms the data into a long format using the gather function. This function reshapes the data frame by collapsing the season columns into two new columns: one for the season names (season) and another for the corresponding temperature values (temperature). This transformation is a vital step in preparing the data for effective visualization and analysis.
Finally, the temperature column in the transformed data frame, climate_long, is converted from its current format to a numeric format. The plot visualizes data from the climate_long data frame, mapping year to the x-axis and temperature to the y-axis. It uses different colors to distinguish seasons.
[image: ]
2. Visualization
As shown in Fig.1, it is a line plot illustrating the average seasonal maximum temperatures from the years 1892 to 2022. The x-axis represents time, specifically the years in ten-year increments, and the y-axis shows temperature in degrees Celsius. Overall, although summer, spring, winter, autumn temperatures exhibit some fluctuations , they show an overall increase over time.
[image: ]
Fig.1 The average seasonal maximum temperatures from the years 1892 to 2022

3. The flowchart is as follows:
[image: ]
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1. Question 2 is designed to calculate the correlation between the total annual rainfall and the annual maximum temperature. Let's introduce each part of my code works:
Initially, the script reads two separate datasets from "WalesClimateData.xlsx" into two data frames: climate_max for maximum temperature data and climate_rainfall for rainfall data. The data is sourced from the first and fourth sheets of the workbook, respectively.
After importing the datasets, the script merges them into a single data frame climate_combined based on the 'year' column, which is common to both datasets. This merging process allows for a combined analysis of the two climate variables. Once merged, the columns are renamed to "year," "AnnualMaxTemp," and "AnnualRainfall" for clarity.
[image: ]
The script then calculates the Pearson correlation coefficient between the annual maximum temperature and annual rainfall to identify any linear relationship between the two variables. In addition to computing the correlation coefficient, a correlation test (cor.mtest) is performed.
[image: ]
For visualization, the script employs three functions: ggpairs, chart.Correlation and scatterplot. The ggpairs function is likely used to create a matrix of scatterplots for all pairwise comparisons in the climate_combined data frame, along with the correlation tests. The chart.Correlation function, which comes from the 'PerformanceAnalytics' package, is intended to plot a correlation matrix that graphically represents the strength and direction of the relationships. The scatterplot depict the relationship between annual maximum temperature and annual rainfall. This plot includes points for the data values and a linear model fit line to indicate the trend.
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2. Analysis and Visualization
As shown in Fig.2, in the context of the data, it suggests that there is no strong linear relationship between these two variables.
[image: ]
Fig.2 Correlation between the total annual rainfall and the annual maximum temperature

As shown in Fig.3, it shows histograms for each variable: 'year', 'AnnualMaxTemp', and 'AnnualRainfall'. The histograms provide a visual distribution of the data points across the time frame. The upper triangle of the matrix displays the Pearson correlation coefficients. Notably, there is a correlation coefficient of 0.522 between 'AnnualMaxTemp' and 'year', indicating a moderate positive relationship, suggesting that maximum temperatures may have risen over the years. The correlation between 'AnnualMaxTemp' and 'AnnualRainfall' is 0.073, which is very low, implying almost no linear relationship between the two.
[image: ]
Fig.3 Ggpairs of the correlation between the total annual rainfall and the annual maximum temperature

Fig.4 includes scatterplots on the lower triangle, with the 'year' plotted against 'AnnualMaxTemp' and 'AnnualRainfall'. The overlay of a smooth line on these scatterplots suggests trends over time. The histograms on the diagonal now include a density plot, showing the distribution of each variable. The bar graphs on the upper triangle show correlation coefficients, with stars indicating the significance level. A value of 0.52 between 'AnnualMaxTemp' and 'year' confirms the moderate positive correlation seen in the first image. The correlation of 0.32 between 'year' and 'AnnualRainfall' suggests a weak positive relationship, indicating that rainfall might have slightly increased over the years.
[image: ]
Fig.4 Chart of the correlation between the total annual rainfall and the annual maximum temperature

Fig.5 suggests that there is no significant linear relationship between annual maximum temperature and annual rainfall, as the line does not show an upward or downward trend. The density of the data points is fairly uniform across different temperatures, showing variability in rainfall that does not correspond to changes in temperature.
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Fig.5 Scatterplot of the correlation between the total annual rainfall and the annual maximum temperature
Overall, both images suggest that annual maximum temperatures have a noticeable trend over time, while rainfall shows a weaker pattern. The temperatures and rainfall do not appear to have a strong linear relationship with each other based on the data presented.
3. The flowchart is as follows:
[image: ]
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1. Question 3 is designed to perform a t-test to identify whether there is a significant difference in minimum temperatures between August 1890-1910 and August 2000-2020. Let's introduce each part of my code works:
Firstly, it reads the minimum temperature data from the second sheet of the excel file into a data frame called climate_min. Once the data is loaded, the script filters this data frame twice to create two separate subsets. One subset contains data from the years 1890 to 1910, and the other from 2000 to 2020.
After the data is filtered, the script proceeds to select the relevant columns for comparison. For both time periods, it narrows down the data to the 'year' and 'aug' columns. 
The final step is the execution of a t-test, which is a statistical hypothesis test that compares the means of the August temperatures between the two time periods. The t-test will check whether there is a statistically significant difference between the average minimum temperatures of August in the early 20th century and the early 21st century.
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2. Analysis the statistical result
As shown in Fig.6, the t-test results indicate a t-value of -4.6707 with degrees of freedom approximately equal to 39.819. The negative t-value suggests that the mean temperature of the first group (1890-1910) is lower than that of the second group (2000-2020).
  The p-value is reported as 3.388e-05, which is much lower than the conventional alpha level of 0.05, indicating that the difference in means is statistically significant. This means we can reject the null hypothesis that there is no difference in mean temperatures between the two periods.
  The 95 percent confidence interval for the difference in means ranges from approximately -1.555 to -0.618, not containing zero, further confirming that the difference is significant.
  The sample estimates show the mean August minimum temperatures for the two periods, with the mean for the period 1890-1910 being 10.24286 °C and for 2000-2020 being 11.32857 °C. The increase in the mean temperature over time is consistent with global trends in rising temperatures. This analysis supports the conclusion that there has been a statistically significant increase in August minimum temperatures from the period 1890-1910 to 2000-2020.

[image: ]
Fig.6 The t-test results




3. The flowchart is as follows:
[image: ]
Question 4
1. Question 4 is designed to perform perform an ANOVA test to identify if there are statistically significant differences in the annual numbers of wet days Let's introduce each part of my code works:
The data is first loaded from a specified Excel file "WalesClimateData.xlsx" into a data frame called climate_rainy, which contains climate data from the fifth sheet of the workbook. From this data frame, only the columns 'year' and 'ann' (presumably standing for annual number of wet days) are selected and stored in a new data frame, climate_rainy_ann.
    A key step in the preprocessing involves categorizing the years into decades.    The script proceeds with the statistical analysis, performing an ANOVA test on the annual numbers of wet days using the decade groups. The ANOVA test is a method to check for significant differences in means across multiple groups. If the ANOVA test indicates significant differences, a Tukey's Honest Significant Difference (HSD) post-hoc test is conducted. The purpose of Tukey's HSD is to determine precisely between which decades the significant differences lie. This test compares all possible pairs of means while controlling for the type I error rate.
[image: ]
2. Analysis the statistical result
As shown in Fig.7, we can see that the degrees of freedom for the 'decade' factor is 13, indicating that there are 14 categories (decades) considered in the analysis. The residuals, which represent the variation within the decades, have 118 degrees of freedom.
  The F value is 1.568, which is a measure of the variance between the group means relative to the variance within the groups. The Pr(>F) value is 0.104, which is the p-value associated with the F statistic. This p-value is greater than the common alpha level of 0.05, suggesting that there is no statistically significant difference in the mean annual numbers of wet days across the different decades at the 95% confidence level.
[image: ]
Fig.7 The ANOVA results

From the Fig.8, each row compares a pair of decades, with the 'diff' column indicating the mean difference in the number of wet days between those decades. The 'lwr' and 'upr' columns provide the lower and upper bounds of the 95% confidence interval for the mean difference.
  Looking at the 'p adj' column, which gives the adjusted p-values for multiple comparisons, it appears that all the p-values are high, mostly very close to or equal to 1. This suggests that there are no statistically significant differences in the mean annual number of wet days between any pair of decades after adjusting for multiple comparisons.

[image: ]
Fig.8 The Tukey HSD results




3. The flowchart is as follows:
[image: ]

[bookmark: _Toc151753624]Reflection
1. Challenges：
(1) Data Filtering Complexity: The script requires careful data filtering, especially for selecting specific years or decades. Ensuring the correct logical conditions are used to filter the data can be challenging and prone to errors, such as making sure the correct operators are used for comparisons.
(2) The challenge with the visualization of the line plot is that when I draw the line chart, the y-axis scale turn out to be densely packed, as shown in Fig.9.
[image: ]
Fig.9 The densely y-axis


My solution is to configure scale_y_continuous(breaks = seq(5, 25, by = 5)); however, before this adjustment, the 'temperature' variable exists in the dataset as a character or factor rather than a numerical value. When using ggplot2, I make sure that my temperature data is in numeric form because continuous scales require numeric input.
2. Learned：
(1) Data Manipulation: The process of reshaping data from wide to long format and categorizing years into decades improved my understanding of data manipulation in R. 
(2) Visualizations: Creating effective visualizations using ggplot2 is essential for data analysis. The script has provided practical experience in plotting complex data, such as time series and correlation matrices.
(3) Statistical Analysis: Performing correlation analysis and hypothesis testing has reinforced the importance of statistical methods in data analysis. The use of cor.test, aov, and TukeyHSD functions are valuable techniques for examining relationships between variables.
3. Future：
In the next time, I will explore enhancing the aesthetics of the visualization to make it more visually appealing. And I also Analyze and explore the relationships between other variables within the dataset.
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# Calculate the Pearson correlation coefficient
cor_data = cor(climate_combined$SAnnualMaxTemp,climate_combined$SAnnualRainfall,method="pearson",use="complete.obs™")

# Test the correlation between paired samples
cormtest_data = cor.mtest(climate_combined, conf.level = 0.95, method = "pearson"”, use:

complete.obs™)
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# Create a
ggpTlot(climate_
geom_point() +
geom_smooth(method = "Im", se = FALSE) +
Tabs(title = "Relationship between Annual Max Temperature and Annual Rainfall”,
X Annual Max Temperature (°C)",
Annual Rainfall (mm)") +
theme_minimal ()

d, aes(x = AnnualMaxTemp, y = AnnualRainfall)) +
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> cor_data

[1] 0.0725137

> cormtest_data
Sp
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year AnnualMaxTemp AnnualRainfall

.000000e+00 4.254332e-11  0.0001370506
.254332e-11 0.000000e+00  0.3962590805
.370506e-04 3.962591e-01  0.0000000000

year AnnualMaxTemp AnnualRainfall

.0000000 0.38972711 0.15985010
.3897271 1.00000000 -0.09513574
.1598501 -0.09513574 1.00000000

year AnnualMaxTemp AnnualRainfall
.0000000 0.6337205 0.4600415
.6337205 1.0000000 0.2361632
.4600415 0.2361632 1.0000000
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# Read the file 'Min Temp' into a data frame named 'climate_min"
climate_min = read.x1sx("E:/IELTS/R/2assignment/WalesClimateData.x1sx",2)

# Filter 'climate_min' data frame for rows where 'year' is between 1890 and 1910
climate_min_filterl <- climate_min[climate_minSyear >= 1890 & climateSyear <= 1910, ]

# Select columns 'year' and 'aug' for the years 1890 to 1910 from the filtered data
climate_min_1890 <- climate_min_filterl[,c('year’,'aug')]

# Filter 'climate_min' data frame for rows where 'year' is between 2000 and 2020
climate_min_filter2 <- climate_min[climate_minSyear >= 2000 & climateSyear <= 2020, ]

# Select columns 'year' and 'aug' for the years 2000 to 2020
climate_min_2000 <- climate_min_filter2[,c('year’,'aug')]

# Perform a t-test to compare the mean of 'aug' temperatures between the years 1890-1910 and 2000-2020
t.test(climate_min_1890%aug, climate_min_2000%aug)
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Welch Two Sample t-test

data: climate_min_1890%aug and climate_min_2000$aug

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

alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:

-1.5555841 -0.6158445

sample estimates:

mean of x mean of y

10.24286 11.32857
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# Read the file 'Min Temp' into a data frame named 'climate_min"
climate_rainy = read.x1sx("E:/IELTS/R/2assignment/walesClimateData.x1sx",5)

# Select columns 'year' and 'an’
climate_rainy_ann <- climate_rainy[,c('year’, ann’)]

# This groups years into decades starting with 1891, 1901, ..., 2010, 2020
climate_rainy_ann$decade <- (as.integer((climate_rainy_ann$year - 1) / 10) * 10) + 1

# convert the 'decade’ column to a factor for ANOVA analysis
climate_rainy_ann$decade <- as.factor(climate_rainy_ann$decade)

# Perform ANOVA test to compare the mean annual numbers of wet days across the decades
anova_result <- aov(ann ~ decade, data = climate_rainy_ann)

# Display the ANOVA summary

summary (anova_result)

# Perform Tukey's post-hoc test
hoc_result <- TukeyHSD(anova_result)
print(hoc_result)
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> # Display the ANOVA summary
> summary(anova_result)

Df Sum Sq Mean Sq F value Pr(>F)
decade 13 4718 362.9 1.568 0.104
Residuals 118 27301 231.4
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> # Perform Tukey's post-hoc test
> hoc_result <- TukeyHSD(anova_result)
> print(hoc_result)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = ann ~ decade, data

$decade

diff Twr upr
1901-1891 8.64 -14.657556 31.937556
1911-1891 8.61 -14.687556 31.907556
1921-1891 13.00 -10.297556 36.297556
1931-1891  1.83 -21.467556 25.127556
1941-1891 -0.48 -23.777556 22.817556
1951-1891 1.64 -21.657556 24.937556
1961-1891 -2.66 -25.957556 20.637556
1971-1891 -8.29 -31.587556 15.007556
1981-1891 -4.81 -28.107556 18.487556
1991-1891  0.91 -22.387556 24.207556
2001-1891 -4.13 -27.427556 19.167556
2011-1891 7.18 -16.117556 30.477556
2021-1891 -6.99 -47.342550 33.362550
1911-1901 -0.03 -23.327556 23.267556
1921-1901  4.36 -18.937556 27.657556
1931-1901 -6.81 -30.107556 16.487556
1941-1901 -9.12 -32.417556 14.177556
1951-1901 -7.00 -30.297556 16.297556
1961-1901 -11.30 -34.597556 11.997556
1971-1901 -16.93 -40.227556 6.367556
1981-1901 -13.45 -36.747556 9.847556
1991-1901 -7.73 -31.027556 15.567556
2001-1901 -12.77 -36.067556 10.527556
2011-1901 -1.46 -24.757556 21.837556
2021-1901 -15.63 -55.982550 24.722550
1921-1911 4.39 -18.907556 27.687556
1931-1911 -6.78 -30.077556 16.517556
1941-1911 -9.09 -32.387556 14.207556
1951-1911 -6.97 -30.267556 16.327556
1961-1911 -11.27 -34.567556 12.027556
1971-1911 -16.90 -40.197556 6.397556
1981-1911 -13.42 -36.717556 9.877556
1991-1911 -7.70 -30.997556 15.597556
2001-1911 -12.74 -36.037556 10.557556
2011-1911 -1.43 -24.727556 21.867556
2021-1911 -15.60 -55.952550 24.752550
1931-1921 -11.17 -34.467556 12.127556
1941-1921 -13.48 -36.777556 9.817556
1951-1921 -11.36 -34.657556 11.937556
1961-1921 -15.66 -38.957556 7.637556
1971-1921 -21.29 -44.587556 2.007556
1981-1921 -17.81 -41.107556 5.487556
1991-1921 -12.09 -35.387556 11.207556
2001-1921 -17.13 -40.427556 6.167556
2011-1921 -5.82 -29.117556 17.477556
2021-1921 -19.99 -60.342550 20.362550
1941-1931 -2.31 -25.607556 20.987556
1951-1931 -0.19 -23.487556 23.107556
1961-1931 -4.49 -27.787556 18.807556
1971-1931 -10.12 -33.417556 13.177556
1981-1931 -6.64 -29.937556 16.657556
1991-1931 -0.92 -24.217556 22.377556
2001-1931 -5.96 -29.257556 17.337556
2011-1931 5.35 -17.947556 28.647556
2021-1931 -8.82 -49.172550 31.532550
1951-1941 2.12 -21.177556 25.417556
1961-1941 -2.18 -25.477556 21.117556
1971-1941 -7.81 -31.107556 15.487556
1981-1941 -4.33 -27.627556 18.967556
1991-1941  1.39 -21.907556 24.687556
2001-1941 -3.65 -26.947556 19.647556
2011-1941 7.66 -15.637556 30.957556
2021-1941 -6.51 -46.862550 33.842550
1961-1951 -4.30 -27.597556 18.997556
1971-1951 -9.93 -33.227556 13.367556
1981-1951 -6.45 -29.747556 16.847556
1991-1951 -0.73 -24.027556 22.567556
2001-1951 -5.77 -29.067556 17.527556
2011-1951 5.54 -17.757556 28.837556
2021-1951 -8.63 -48.982550 31.722550
1971-1961 -5.63 -28.927556 17.667556
1981-1961 -2.15 -25.447556 21.147556
1991-1961 3.57 -19.727556 26.867556
2001-1961 -1.47 -24.767556 21.827556
2011-1961  9.84 -13.457556 33.137556
2021-1961 -4.33 -44.682550 36.022550
1981-1971 3.48 -19.817556 26.777556
1991-1971  9.20 -14.097556 32.497556
2001-1971  4.16 -19.137556 27.457556
2011-1971 15.47 -7.827556 38.767556
2021-1971  1.30 -39.052550 41.652550
1991-1981 5.72 -17.577556 29.017556
2001-1981 0.68 -22.617556 23.977556
2011-1981 11.99 -11.307556 35.287556
2021-1981 -2.18 -42.532550 38.172550
2001-1991 -5.04 -28.337556 18.257556
2011-1991  6.27 -17.027556 29.567556
2021-1991 -7.90 -48.252550 32.452550
2011-2001 11.31 -11.987556 34.607556
2021-2001 -2.86 -43.212550 37.492550
2021-2011 -14.17 -54.522550 26.182550

>
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# Read the file 'Max Temp' into a data frame named 'climate’
climate = read.x1sx("E:/IELTS/R/2assignment/WalesClimateData.xIsx",1)

# Filter the data frame for rows where 'year' is between 1892 and 2022
climate_year_filter <- climate[climateSyear >= 1892 & climateSyear <= 2022 & climateSyear %% 10 == 2, ]

# Select the columns about season from the filtered data frame
climate_season_filter <- climate_year_filter[,c('year', 'win', "spr’, sum’, 'aut')]
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# Reshape the filtered data to a long format
climate_long <- gather(climate_season_filter, season, temperature, win:aut)

# Convert the 'temperature’ column to numeric
climate_long$temperature <- as.numeric(as.character(climate_longS$temperature))

# Create the 1line plot
ggplot(climate_long, aes(x = year, y = temperature, group = season, color = season)) +
geom_line() +
geom_point() +
theme_minimal() +
Tabs(title = "Average Seasonal Maximum Temperatures from 1892 to 2022",
x = "Year", y = "Temperature (C)", color "Season") +
scale_x_continuous (breaks seq(1892, 2022, by 10)) +
scale_y_continuous (breaks seq(5, 25, by = 5))
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# Read the file 'Max Temp' into a data frame named 'climate_max'
climate_max = read.x1sx("E:/IELTS/R/2assignment/WalesClimateData.x1sx",1)

# Read the file 'Rainfall’ into a data frame named 'climate_rainfall’
climate_rainfall = read.x1sx("E:/IELTS/R/2assignment/WalesClimateData.x1sx",4)

# Merge the 'climate_max' and ‘climate_rainfall' data frames by the 'year' column

climate_combined <- merge(climate_max[, c('year', 'ann')], climate_rainfall[, c('year', 'ann')], by = "year™)

# Rename the columns
colnames(climate_combined) <- c("year"”, "AnnualMaxTemp", "AnnualRainfall™)




