R Scripts 
R Script 1. Data from EXCEL (“ *.xlsx") to R format (“ *.rds”) and viceversa
[bookmark: _Hlk158233083]R Script 1a. From EXCEL to R
# 1st.-  Install the 'readxl' package if it's not already installed
# The 'readxl' package provides functions to read Excel files
install.packages("readxl")

# 2nd.- Load the 'readxl' library to use the function read_excel
library(readxl)

# 3rd.- Name the path to your Excel file
[bookmark: _Hlk158229193][bookmark: _Hlk156500503][bookmark: _Hlk158233181]file_path <- "C:/[Your file path]/P48.xlsx"

# 4th.- Read the data from the Excel file into an R data frame
data <- read_excel(file_path)

# View the first few rows of the data to check if it's been read correctly
head(data)

# Your data is now in R and you can start using it for your análisis
# 5th.- If you want to save this data frame for future use within R, you can write it to a file with an R-specific format
saveRDS(data, "C:/[Your file path]/P48.rds")

R Script 1b. From R file to EXCEL
# 1st.- Load the necessary libraries
if (!require("openxlsx")) install.packages("openxlsx")
library(openxlsx)

# 2nd.- Load your data from the RDS file
file_path_rds <- "C:/[Your file path]/P48_lagd.rds"
data <- readRDS(file_path_rds)

# 3rd.- Name the path where you want to save the Excel file
file_path_excel <- "C:/[Your file path]/P48_lagd.xlsx"

# 4th.- Write the data frame to an Excel file
write.xlsx(data, file_path_excel)

# After running this Script, check the "C:/[Your file path]/" directory for 
the "P48_lagd.xlsx" file.





R Script 2. Figures 1 and 2 with ‘ggplot’ 
R Script 2a. Figure 1, ‘spaghetti’ line
# 1st.- Load the required library
if (!require("ggplot2")) install.packages("ggplot2")
library(ggplot2)

# 2nd.- Read in the data
file_path <- "C:/[Your file path]/P48.rds"  # Update this with the correct path to your RDS file
data <- readRDS(file_path)
# 'Week_Day' is the variable in the data that indicates the day of the week (7 for Sunday)
# Add a column to your dataframe that identifies Sundays
data$IsSunday <- as.numeric(data$Week_Day == 7)

# 3rd.- Create the plot with ggplot2
plot <- ggplot(data, aes(x = ID_Day, y = P48)) +
  geom_line(color = "blue", size = 2) +  # Increase the size for a thicker time series line
  geom_vline(data = data[data$IsSunday == 1, ], aes(xintercept = ID_Day),
             color = "black", linetype = "solid", size = 0.5) + # Vertical lines for Sundays
  scale_x_continuous(breaks = seq(0, 85, by = 5), expand = c(0, 0), limits = c(0, 85)) +  # Set major x-axis breaks up to 85
  scale_y_continuous(expand = c(0, 0), limits = c(0, 40), breaks = seq(0, 40, by = 10)) +  # Set y-axis breaks
  geom_hline(yintercept = seq(10, 40, by = 10), color = "black", linetype = "dashed", size = 0.5) +  # Add dashed lines on y-axis
  theme_minimal(base_size = 18) +  # Use a minimal theme with larger text
  theme(
    axis.text.x = element_text(size = 16),  # Increase size for longer x-axis labels
    axis.text.y = element_text(size = 16),  # Increase size for longer y-axis labels
    axis.ticks.x = element_blank(),  # Hide default x-axis ticks
    axis.ticks.y = element_line(size = 1),  # Increase size for thicker y-axis ticks
    panel.grid.major = element_blank(),  # Remove major grid lines
    panel.grid.minor = element_blank(),  # Remove minor grid lines
    axis.line = element_line(size = 1)  # Increase size for thicker x and y axes lines
  ) +
  labs(x = "Record day", y = "Cigarettes smoked per day")  # Corrected placement of labs() function

# 4th.- Add custom minor tick marks on the x-axis
# Create a sequence for minor tick marks at each unit on the x-axis
minor_ticks_data <- data.frame(x = seq(0, 85, by = 1))

plot <- plot + 
  geom_segment(data = minor_ticks_data, aes(x = x, xend = x, y = 0, yend = 0.3),  # Increase yend for longer tick marks
               inherit.aes = FALSE, color = "black", size = 0.25)

# 5th.- Display the plot
print(plot)

R Script 2b. Figure 2, Mean±1.96 SD of smoked cigarettes by each day of the week # 1st.- Load the required libraries
if (!require("ggplot2")) install.packages("ggplot2")
if (!require("dplyr")) install.packages("dplyr")
library(ggplot2)
library(dplyr)

# 2nd.- Read in the data
file_path <- "C:/[Your file path]/P48.rds"  # Update this with the correct path to your RDS file
data <- readRDS(file_path)

# 3rd.- Create a mapping of numerical days to weekday names
weekdays_map <- c("Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday", "Sunday")

# 4th.- Calculate mean and standard deviation for each day of the week
summary_data <- data %>%
  group_by(Week_Day) %>%
  summarise(Mean = mean(P48, na.rm = TRUE), SD = sd(P48, na.rm = TRUE)) %>%
  mutate(Upper = Mean + 1.96 * SD, Lower = Mean - 1.96 * SD) %>%
  mutate(WeekDayName = weekdays_map[Week_Day]) %>%
  arrange(Week_Day)

# 5th.- Convert WeekDayName to a factor with levels in the correct order
summary_data$WeekDayName <- factor(summary_data$WeekDayName, levels = weekdays_map)

# 6th.- Create a data frame for the minor tick marks
# Assuming there are 7 days, we create a sequence from 1 to 7 for the tick marks
minor_ticks_data <- data.frame(x = 1:7)

# 7th.- Create the plot with ggplot2
plot <- ggplot(summary_data, aes(x = WeekDayName, y = Mean)) +
  geom_line(group = 1, color = "blue", size = 1.5) +  # Add the time series line
  geom_point(color = "blue") +  # Add points for each day's mean value
  geom_errorbar(aes(ymin = Lower, ymax = Upper), width = 0.2) +  # Add error bars for standard deviation
  scale_y_continuous(breaks = seq(0, 35, by = 10), limits = c(0, 35)) +  
        # Name Y-axis breaks and limits
  geom_hline(yintercept = seq(10, 30, by = 10), linetype = "dashed", color = "gray", size = 0.5) +  # Add dashed lines on the Y-axis at specified intervals
  theme_minimal(base_size = 14) +  # Use a minimal theme with base font size of 14
  theme(axis.text.x = element_text(angle = 0, vjust = 0.5, size = 16),  # Set X-axis labels horizontally with a font size of 16
    axis.text.y = element_text(size = 16),  # Set Y-axis labels with a font size of 16
    axis.ticks.x = element_line(color = "black", size = 0.5),  # Name the style for X-axis ticks
    axis.ticks.y = element_line(color = "black", size = 0.5),  # Name the style for Y-axis ticks
    panel.grid.major = element_blank(),  # Remove major grid lines
    panel.grid.minor = element_blank(),  # Remove minor grid lines
    axis.line = element_line(color = "black", size = 0.5)  # Add solid lines for X and Y axes) +
  labs(x = "Day of the Week", y = "Average Number of Cigarettes Smoked")  # Add labels to the plot

# Add custom minor tick marks on the x-axis for the days of the week
# Name the height at which the minor tick marks should start (just above the highest point of the plot)
y_start <- max(summary_data$Upper) + 1  # Adjust this based on your plot's scale

# Name the length of the minor tick marks
tick_length <- 1  # Adjust this based on your preference

# Add minor tick marks as a separate layer
plot <- plot + geom_segment(data = minor_ticks_data, 
     aes(x = x, xend = x, y = y_start, yend = y_start + tick_length), 
     inherit.aes = FALSE, color = "black", linewidth = 0.5)  # Adjust `linewidth` as necessary

# 8th.- Display the plot
print(plot)
[bookmark: _Hlk156500400]


R Script 3. ACF and PACF figures of P48 raw data
[bookmark: _Hlk157192374]# 1st.- Load the required library for acf and pacf functions
library(stats)

# 2nd.- Load Data from RDS File
# Name the file path of your RDS file
file_path <- "C:/[Your file path]/P48.rds"

# Read the data from the RDS file
data <- readRDS(file_path)

# 3rd.- Plot ACF (Excluding Lag 0)
# Calculate ACF values without plotting
acf_values <- acf(data$P48, lag.max = 21, plot = FALSE)

# Exclude lag 0 from the ACF values
lag_values <- 1:21
acf_values_excl_lag0 <- acf_values$acf[-1]

# Open a new graphics window for ACF plot
dev.new()

# Manually plot the ACF, excluding lag 0
plot(lag_values, acf_values_excl_lag0, type = "h", lwd = 10, col = "blue", ylim = c(-0.7, 0.7), xlab = "Lag", ylab = "ACF of P48", cex.lab = 1.5)
abline(h = 0, lty = 2)  # Add horizontal line at y = 0
abline(h = c(-1, 1) * qnorm((1 + 0.95) / 2) / sqrt(length(data$P48)), lty = 2, col = "gray")  # Confidence intervals # Add tick marks at every lag value
axis(1, at = 1:21, labels = FALSE, tck = -0.02) # 'labels = FALSE' hides the axis labels, 'tck' specifies the tick mark length

# 4th.- Plot PACF
# Open a new graphics window for PACF plot
dev.new()

# PACF Plot
pacf(data$P48, lag.max = 21, lwd = 10, col = "blue", ylim = c(-.7, .7), cex.lab = 1.5)
# Add tick marks at every lag value
axis(1, at = 1:21, labels = FALSE, tck = -0.02) 




R Script 4. Ljung-Box and Augmented Dickey-Fuller tests
R Script 4a. Ljung-Box test
# 1st.- Load the required library for acf and pacf functions
library(stats)

# 2nd.- Load Data from RDS File
# Name the file path of your RDS file
[bookmark: _Hlk156766877]file_path <- "C:/[Your file path]/P48.rds"

# Read the data from the RDS file
data <- readRDS(file_path)

# Assuming 'P48' is the variable you are interested in
# and that it's a column in your 'data'
time_series_data <- data$P48

# Name the maximum lag for the Ljung-Box test
max_lag <- 21

# 3rd.- Calculate and print the Ljung-Box test values for each lag from 1 to 21
print("Ljung-Box Test Results for each lag from 1 to 21:")
for (lag in 1:max_lag) {ljung_box_result <- Box.test(time_series_data, lag = lag, type = "Ljung-Box")
    # Rounding the values to three decimals:
    x_squared_rounded <- round(ljung_box_result$statistic, 3)
    p_value_rounded <- round(ljung_box_result$p.value, 3)
    print(paste("Lag:", lag, "X-squared:", x_squared_rounded, "df:", lag, "p-value:", p_value_rounded))}

R Script 4b. Augmented Dickey-Fuller tests
# 1st.- Load library
library(tseries)

# 2nd.- Load your data
data <- readRDS("C:/[Your file path]/P48.rds")

# 3rd.- Apply the Augmented Dickey-Fuller test on your data
adf_test_results <- adf.test(data$P48)

# 4th.- Rounding the test statistic and p-value to three decimal places:
adf_value_rounded <- round(adf_test_results$statistic, 3)
p_value_rounded <- round(adf_test_results$p.value, 3)

# Display the rounded results
print(paste("Dickey-Fuller:", adf_value_rounded, ", Lag order: 7, p-value:", p_value_rounded))    # Lag = 7, seasonality = 7



R Script 5. Scatterplots, Figure 4 
# 1st.- Load necessary libraries
library(ggplot2)
library(dplyr)
library(scales)

# 2nd.- Load the RDS file
data <- readRDS("C:/[Your file path]/P48.rds")

# 3rd.- Create lagged variables
data <- data %>%
  mutate(P48_1 = lag(P48, 1),
         P48_7 = lag(P48, 7),
         P48_14 = lag(P48, 14) )

# 4rt.- Remove rows with  values
data <- na.omit(data)

# 5th.- Create a custom theme (the general appearance of the plot)
theme_custom <- theme_minimal() +
  theme(plot.title = element_text(size = 14, face = "bold", hjust = 0.5),
    axis.title = element_text(size = 12),
    axis.text = element_text(size = 10),
    panel.grid.minor = element_blank(),
    panel.border = element_rect(color = "black", fill = NA, size = 0.5),
    plot.margin = margin(5, 10, 5, 10)  )

# 6th.- Create scatterplots (specific points representation)
create_plot <- function(x_var, title) {
  ggplot(data, aes(x = .data[[x_var]], y = P48)) +
    geom_point(alpha = 0.5, color = "navy") +
    ggtitle(title) +
    xlab(x_var) + ylab("P48") +
    theme_custom +
    scale_x_continuous(labels = comma) +
    scale_y_continuous(labels = comma)  }

# 7th.- Generate and display each plot
p1 <- create_plot("P48_1", "P48 vs P48_1")      # 1 Note
print(p1)
ggsave("P48_vs_P48_1.png", p1, width = 8, height = 6, dpi = 300)

p2 <- create_plot("P48_7", "P48 vs P48_7")
print(p2)
ggsave("P48_vs_P48_7.png", p2, width = 8, height = 6, dpi = 300)

p3 <- create_plot("P48_14", "P48 vs P48_14")
print(p3)
ggsave("P48_vs_P48_14.png", p3, width = 8, height = 6, dpi = 300)

# 1 Each scatter plot is in a separate frame; you can use a graphic processor for configurate the Figure 4. 


R Script 6. Time series regression 
R Script 6a. With ARIMA instructions (‘forecast’ library)
# 1st.- Load necessary library
library(readr)
library(forecast)

# 2nd.- Load Data from RDS File
file_path <- "C:/[Your file path]/P48.rds"
data <- readRDS(file_path)

# 3rd.- Convert the data into a time series object
ts_data <- ts(data$P48, start = c(1, 1), frequency = 7)

# 4th.- Fit the ARIMA model with AR(1)(2)[7] parameters and specific initial values
arima_model <- Arima(ts_data, order = c(1, 0, 0), seasonal = list(order = c(2, 0, 0), period = 7), 
               fixed = c(0.1, 0.1, 0.1, mean(ts_data)),   # Initial values
               optim.control = list(maxit = 1000))
# We have included initial values to facilitate the convergence of parameters

# 5th.- Print the coefficients table and summary model 
print(coefficients)
summary(model)       # Model Summary
# Note: The ARIMA model uses Maximum Likelihood to estimate the parameters. 


[bookmark: _Hlk156904914]R Script 6b. With ordinary least squares (OLS)
# 1st.- Load necessary library
library(forecast)

# 2nd.- Load Data from RDS File
file_path <- "C:/[Your file path]/P48.rds"
data <- readRDS(file_path)

# 3rd.- Convert Data to Time Series Object
ts_data <- ts(data$P48, frequency = 7)

# 4th.- Ensure correct alignment of lagged variables
lag1 <- c(rep(NA, 1), head(ts_data, -1))
lag7 <- c(rep(NA, 7), head(ts_data, -7))
lag14 <- c(rep(NA, 14), head(ts_data, -14))

# 5th.- Create a data frame for the linear model
ts_model_data <- data.frame(ts_data, lag1, lag7, lag14)

# 6th.- Fit an OLS Model (AR(1,7,14))
[bookmark: _Hlk157190183]model <- lm(ts_data ~ lag1 + lag7 + lag14, data = ts_model_data, na.action = na.exclude)
# Extract coefficients and round to three decimal places
coefficients <- round(summary(model)$coefficients, 3)

# 7th.- Print the formatted coefficients table and summary model 
print(coefficients)
# Model Summary
summary(model)

# 8th.- Extract and round residuals and fitted values to three decimal places
residuals_rounded <- round(residuals(model), 3)
fitted_values_rounded <- round(fitted(model), 3)

# 9th.- Combine original data with residuals and fitted values
combined_data <- data.frame(ID_Day = data$ID_Day,
                            Week_Day = data$Week_Day,
                            P48 = data$P48,
                            Frkst_P48 = fitted_values_rounded,
                            Rsids_P48 = residuals_rounded)

# 10th.- Save, read and print forecasted and residuals values to new RDS file
saveRDS(combined_data, "C:/[Your file path]/P48_TS_OLS_Frkst&Rsids_AR_1_7_14.rds")
# Read and print the data from the new RDS file
[bookmark: _Hlk157190323]loaded_data <- readRDS("C:/[Your file path]/P48_TS_OLS_Frkst&Rsids_AR_1_7_14.rds")
print(loaded_data)

#NOTE.- Model Fitting: We use lm() to fit the AR(1,7,14) model with OLS estimation. 
# The na.action = na.exclude argument ensures that missing values do not cause (…) 
# (…) errors in model fitting.
[bookmark: _Hlk156907263]

R Script 6c.  TSs with ML (observe that R Scripts 6a, 6b and 6c give the same results) 
# Load necessary libraries
library(forecast)
library(lmtest)  # ML estimation for coefts, tests to get t-values and p-values

# 1st.- Load your data
file_path <- "C:/[Your file path]/P48.rds"  # Adjust the file path as necessary
data <- readRDS(file_path)

# Assuming 'P48' is your time series column
ts_series <- ts(data$P48, frequency = 7)  # Weekly seasonality assumed

# 2nd.- Prepare lagged versions of P48 as external regressors
lag1 <- stats::lag(ts_series, -1)[-c(1)]
lag7 <- stats::lag(ts_series, -7)[-c(1:7)]
lag14 <- stats::lag(ts_series, -14)[-c(1:14)]

# Aligning ts_data and lagged series for model fitting
ts_series_adj <- ts_series[-c(1:14)]
xreg <- cbind(lag1, lag7, lag14)

# 3rd.- Fit the ARIMA model manually specifying orders
model <- Arima(ts_series_adj, order = c(0, 0, 0), xreg = xreg)

# 4th.- Model Summary for coefficients, AIC, BIC
summary(model)

# 5th.- Extract t-values and p-values for coefficients
coeftest(model)




R Script 7. ACF and PACF figures of ‘Rsids_P48’ variable in “P48_TS_OLS_Frkst&Rsids_AR_1_7_14.rds”
# 1st.- Load the required library for acf and pacf functions
library(stats)

# 2nd.- Load Data from RDS File
# Replace the file_path with the actual path to your RDS file
file_path <- "C:/[Your file path]/P48_TS_OLS_Frkst&Rsids_AR_1_7_14.rds"

# Read the data from the RDS file
data <- readRDS(file_path)

# Ensure there are no missing values in the Rsids_P48 data
# Work with the cleaned series directly without changing the structure of the original data
Rsids_P48_clean <- na.omit(data$Rsids_P48)

# Calculate the confidence interval for plotting
conf_int <- qnorm((1 + 0.95) / 2) / sqrt(length(Rsids_P48_clean))

# 3rd.- Plot ACF (Excluding Lag 0)
# Calculate ACF values without plotting
acf_values <- acf(Rsids_P48_clean, lag.max = 21, plot = FALSE)

# Exclude lag 0 from the ACF values
lag_values <- 1:21
acf_values_excl_lag0 <- acf_values$acf[-1]

# Open a new graphics window for ACF plot
dev.new()

# Manually plot the ACF, excluding lag 0
plot(lag_values, acf_values_excl_lag0, type = "h", lwd = 10, col = "blue", 
ylim = c(-0.7, 0.7),
     xlab = "Lag", ylab = "Autocorrelation F of Rsids_P48", cex.lab = 1.5)
abline(h = 0, lty = 2)  # Add horizontal line at y = 0
abline(h = c(-1, 1) * qnorm((1 + 0.95) / 2) / sqrt(length(data$P48)), lty = 2, col = "gray")  # Confidence intervals
# Add tick marks at every lag value
axis(1, at = 1:21, labels = FALSE, tck = -0.02)  # 'labels = FALSE' hides the axis labels, 'tck' specifies the tick mark length

# 4th.- Plot PACF
# Open a new graphics window for PACF plot
dev.new()


# Calculate PACF values without plotting
pacf_values <- pacf(Rsids_P48_clean, lag.max = 21, plot = FALSE)

# Manually plot the PACF, excluding lag 0
plot(pacf_values$lag[-1], pacf_values$acf[-1], type = "h", lwd = 10, col = "blue", ylim = c(-.7, .7),
     xlab = "Lag", ylab = " PACF of Rsids_P48", cex.lab = 1.5)
abline(h = 0, lty = 2)  # Add horizontal line at y = 0

# Draw custom confidence intervals in grey
abline(h = c(-1, 1) * conf_int, lty = 2, col = "grey") 

# Add tick marks at every lag value
axis(1, at = 1:21, labels = TRUE, tck = -0.02)  
# 'labels = TRUE' shows the axis labels, 'tck' specifies the tick mark length



R Script 8. Ljung-Box, Shapiro-Wilk and Breusch-Pagan tests of residuals of P48
R Script 8a.  Ljung-Box ACF and PACF 
# 1st.- Load necessary libraries
library(forecast)
library(lmtest)

# 2nd.- Read the data from the RDS file
data <- readRDS("C:/[Your file path]/P48_TS_OLS_Frkst&Rsids_AR_1_7_14.rds")

# 3rd.- Ensure there are no missing values in the Rsids_P48 data
# Note: na.omit will remove any rows with missing values, Nas, in Rsids_P48
Rsids_P48_clean <- na.omit(data$Rsids_P48)

# 4th.- Calculate ACF and PACF for Rsids_P48
acf_values <- acf(Rsids_P48_clean, lag.max = 24, plot = FALSE)
pacf_values <- pacf(Rsids_P48_clean, lag.max = 24, plot = FALSE)

# 5th.- Function to calculate SE, t, and p for ACF and PACF
calc_acf_pacf_stats <- function(values, n) { se <- sqrt(1/n)
  t_values <- values / se
  p_values <- 2 * pt(-abs(t_values), df = n - 1)
  data.frame(Lag = 1:length(values), ACF_PACF = round(values, 3), SE = round(se, 3), 
      t_Value = round(t_values, 3), p_Value = round(p_values, 3))}

# 6th.- Calculate stats for ACF and PACF
acf_stats <- calc_acf_pacf_stats(acf_values$acf[-1], length(Rsids_P48_clean))  # Exclude lag 0
pacf_stats <- calc_acf_pacf_stats(pacf_values$acf[-1], length(Rsids_P48_clean))  # Exclude lag 0. Pay attention! By default, R calculates ACF and PACF at lag 0, ACF(0)= PACF(0)= 1

# 7th.- Ljung-Box test for residuals
ljung_box_stats <- sapply(1:24, function(lag) Box.test(residuals(model), lag = lag, type = "Ljung-Box"))

# 8th.- Print results
print("ACF Statistics:")
print(acf_stats)
print("PACF Statistics:")
print(pacf_stats)
print("Ljung-Box Test Results:")
print(ljung_box_stats)


R Script 8b. Shapiro-Wilks test of normality
# 1st.- Read the data from the RDS file
data <- readRDS("C:/[Your file path]/P48_TS_OLS_Frkst&Rsids_AR_1_7_14.rds")

# 2nd.- Ensure there are no missing values in the Rsids_P48 data
# Note: na.omit will remove any rows with NAs in Rsids_P48
Rsids_P48_clean <- na.omit(data$Rsids_P48)

# 3rd.- Perform Shapiro-Wilk normality test
# The Shapiro-Wilk test is used to test the null hypothesis that the data was drawn from a normal distribution.
shapiro_test_result <- shapiro.test(Rsids_P48_clean)

# 4th.- Print the results of the Shapiro-Wilk test
print(shapiro_test_result)


R Script 8c. Breusch-Pagan test of homoscedasticity
# 1st.- Load necessary libraries
library(lmtest)

# 2nd.- Read the data from the RDS file
data <- readRDS("C:/[Your file path]/P48_TS_OLS_Frkst&Rsids_AR_1_7_14.rds")

# 3rd.- Ensure there are no missing values in the Rsids_P48 data and Week_Day
# Note: na.omit will remove any rows with NAs in either Rsids_P48 or Week_Day
data_clean <- na.omit(data[c("Rsids_P48", "Week_Day")])

# 4th.- Create a linear model using Week_Day as a factor (categorical variable)
model <- lm(Rsids_P48 ~ as.factor(Week_Day), data = data_clean)

[bookmark: _Hlk157370917]# 5th.- Perform the Breusch-Pagan test to assess homoscedasticity
bptest_result <- bptest(model)

# 6th.- Print the results of the Breusch-Pagan test
print(bptest_result)




[bookmark: _Hlk158228200]R Script 9. Lagging 1, 7 and 14 days the variable P48, inside the file “P48.rds", saving the data in “P48_lagd.rds"
# 1st.- Load the necessary library
if (!require("dplyr")) install.packages("dplyr")
library(dplyr)

# 2nd.- Name the file path of your RDS file
file_path <- "C:/[Your file path]/P48.rds"

# 3rd.- Read the data from the RDS file
data <- readRDS(file_path)

# 4th.- Create lags without deleting lines that do not have data
data <- data %>%                  #Do not delete line with missing data
  mutate(P48_1 = lag(P48, n = 1), P48_7 = lag(P48, n = 7),
    P48_14 = lag(P48, n = 14) )   #Lagged variables: 1, 7 and 14

# 5th.- Save the new dataframe with lags into a new RDS file
[bookmark: _Hlk158494768]new_file_path <- "C:/[Your file path]/P48_lagd.rds"
saveRDS(data, new_file_path)



R Script 10. Linear regression with lagged values, plus saved forecasted and residual values 
# 1st.- Load necessary libraries
# Ensure dplyr is available for data manipulation
if (!requireNamespace("dplyr", quietly = TRUE)) install.packages("dplyr")
library(dplyr)

# 2nd.- Load the dataset
# Specify the path to your “*.rds” file and load it into R
file_path <- "C:/[Your file path]/P48_lagd.rds"
data <- readRDS(file_path)

# 3rd.- Perform linear regression
# Use Ordinary Least Squares to model P48 as a function of its lagged values
model <- lm(P48 ~ P48_1 + P48_7 + P48_14, data = data)

# 4th.- Print the model summary
# Display regression coefficients, standard errors, t-values, p-values, and fit statistics with 3 decimal places
print(summary(model), digits = 3)

# 5th.- Forecast P48 values using the regression model
# Predict P48 values for the entire dataset to include forecasted values
data$Forecasted_P48 <- predict(model, newdata = data)

# 6th.- Calculate residuals for the entire dataset
data$Residuals <- data$P48 - data$Forecasted_P48

# 7th.- Round forecasted values and residuals to 3 decimal places
data$Forecasted_P48 <- round(data$Forecasted_P48, digits = 3)
data$Residuals <- round(data$Residuals, digits = 3)

# 8th.- Save the updated dataset to a new file
new_file_path <- "C:/[Your file path]/P48_lagd_lin_reg.rds"
saveRDS(data, new_file_path)




R Script 11. Straight line regression, IV: time (ID_Day), DV: P48 

R  Script 11a. Linear regression
# 1st.- Open “P48_lagd.rds” data
# Load necessary library
library(dplyr)

# Load the data from the RDS file with the specified path
P48_data <- readRDS('C:/[. . .]/P48.rds')  

# Display the first rows of the dataset 
print(head(P48_data))


# 2nd.- Run the REGRESSION syntax: 
# Perform linear regression with ID_Day as the IV and P48 as the DV
model <- lm(P48 ~ ID_Day, data = P48_data)

# Save the forecasted values and residuals
Pre_IV_ID_Day <- model$fitted.values
RS_Reg_ID_Day <- model$residuals

# Extract coefficients and summary statistics
summary_model <- summary(model)
coefficients <- summary_model$coefficients

# Extract overall fit statistics
f_statistic <- summary_model$fstatistic[1]
p_value <- summary_model$fstatistic[4]
r_squared <- summary_model$r.squared
variance_residuals <- sum(summary_model$residuals^2) / summary_model$df[2]
aic_value <- AIC(model)

# Create a results table 
results_table <- data.frame(
  Estimate = coefficients[, 1],
  `Std. Error` = coefficients[, 2],
  `t-value` = coefficients[, 3],
  `Pr(>|t|)` = coefficients[, 4])

# Display the results table and overall fit statistics
print(results_table)

# Calculate the p-value for the overall F-statistic
p_value_overall <- pf(f_statistic, summary_model$fstatistic[2], summary_model$df[2], lower.tail = FALSE)

# Display the updated overall fit statistics 
cat(sprintf('The overall model fit, F(%d, %d) = %.3f, p = %.3f, R2 = %.3f, Var(et) = %.3f, AIC = %.3f',
            summary_model$fstatistic[2], summary_model$df[2], f_statistic, p_value_overall, r_squared, variance_residuals, aic_value))


R  Script 11b. Residual analysis. ACF and PACF figures of 'RS_Reg_ID_Day'
#  1st.- Calculate ACF and PACF:
# Calculate ACF and PACF for RS_Reg_ID_Day
acf_values <- acf(RS_Reg_ID_Day, lag.max = 24, plot = FALSE)
pacf_values <- pacf(RS_Reg_ID_Day, lag.max = 24, plot = FALSE)

# Function to calculate SE, t, and p for ACF and PACF
calc_acf_pacf_stats <- function(values, n) 
  {se <- sqrt(1/n)
  t_values <- values / se
  p_values <- 2 * pt(-abs(t_values), df = n - 1)
  data.frame(Lag = 1:length(values), ACF_PACF = round(values, 3), SE = round(se, 3), 
             t_Value = round(t_values, 3), p_Value = round(p_values, 3))}

# Calculate stats for ACF and PACF
acf_stats <- calc_acf_pacf_stats(acf_values$acf[-1], length(RS_Reg_ID_Day))  # Exclude lag 0
pacf_stats <- calc_acf_pacf_stats(pacf_values$acf[-1], length(RS_Reg_ID_Day))  # Exclude lag 0

# Perform Ljung-Box test for residuals
ljung_box_results <- lapply(1:24, function(lag) Box.test(RS_Reg_ID_Day, lag = lag, type = "Ljung-Box"))

# Prepare Ljung-Box test results in a data frame
ljung_box_df <- data.frame(
  Lag = 1:24,
  Statistic = sapply(ljung_box_results, function(x) x$statistic),
  p_Value = sapply(ljung_box_results, function(x) x$p.value))

# 2nd.- Plot ACF and PACF
# Run:
par(mfrow = c(1, 2))  # Set up the plotting area
acf(RS_Reg_ID_Day, lag.max = 24, main = "ACF of RS_Reg_ID_Day")
pacf(RS_Reg_ID_Day, lag.max = 24, main = "PACF of RS_Reg_ID_Day")

# 3rd.- Print results in table format
# Print ACF statistics
list(ACF_Stats = acf_stats, PACF_Stats = pacf_stats, Ljung_Box_Results = ljung_box_df)

# Prepare PACF statistics for display
pacf_stats <- calc_acf_pacf_stats(pacf_values$acf[-1], length(RS_Reg_ID_Day))  # Exclude lag 0

# Print PACF statistics
print(pacf_stats)

