#loading the required packages
library(forecast)
library(readxl)
library(tidyverse)
library(MASS)
library(ggplot2)
library(latticeExtra)
library(zoo)
library(quantmod)
library(timeSeries)
library(ggpubr)
library(car)


#Step 1 & 2
baselinedata<-read_excel("ForecastsforMacroeconomicVariables.xlsx")
bankequitydata<-read_excel("Bank'sEquityPortfolio.xlsx")
macroecodata<-read_excel("HistoricalMacroeconomicData.xlsx")
adversedata<- read_excel("ForecastsforMacroeconomicVariables.xlsx", sheet = 2)
severlyadverse<- read_excel("ForecastsforMacroeconomicVariables.xlsx", sheet = 3)

bankequitydata1<-bankequitydata
baselinedata1<-baselinedata
adversedata1<- adversedata
severlyadverse1<- severlyadverse
macroecodata1<- macroecodata




# Step 4
bankequitydata2<-bankequitydata1[-c(20,47),]
View(bankequitydata2)

# Step 5
# renaming column name to merge
colnames(bankequitydata1)<- c("Date","Portfolio Values" )
colnames(bankequitydata1)

merged_data1<-merge(bankequitydata1, macroecodata, by= "Date")
View(merged_data1)


##Step 3 (done after step 5 to make the code simpler)
merged_data1 <- merged_data1[with(merged_data1, order(as.yearqtr(Date, format = 'Q%q %Y'))),, drop = FALSE]
View(merged_data1)

merged_data<- merged_data1

#Step 6
date_vs_portfoilio<- ggplot(data = merged_data, mapping = aes(x = Date, y = `Portfolio Values`))+
  geom_line(color = "red")
date_vs_portfoilio

date_vs_bbb<- ggplot(data = merged_data, mapping = aes(x = Date, y = `BBB Corporate Yeild`))+
  geom_line(color = "red")
date_vs_bbb

date_vs_comercial<- ggplot(data = merged_data, mapping = aes(x = Date, y = `Commercial Real Estate Price Index`))+
  geom_line(color = "red")
date_vs_comercial


colnames(merged_data)

##step 7
any(is.na(merged_data$`Portfolio Values`))
is.na(merged_data$`Portfolio Values`)

new_portfoliovalues <- zoo(merged_data$`Portfolio Values`)
new_portfoliovalues <- as.ts(new_portfoliovalues)
new_portfoliovalues <- na.interp(new_portfoliovalues)
new_portfoliovalues 
any(is.na(new_portfoliovalues))

merged_data$`Portfolio Values`<-new_portfoliovalues 

# step 8
merged_data$`Portfolio Values`<- as.numeric( merged_data$`Portfolio Values`)
q_merged_data<- quantile( merged_data$`Portfolio Values`)
q_merged_data


iqr_merged_data=q_merged_data[4]-q_merged_data[2]
iqr_merged_data


higher_outlier=q_merged_data[4]+(1.5*iqr_merged_data)
higher_outlier

Lower_Outlier =q_merged_data[1]-(1.5*iqr_merged_data)
Lower_Outlier

outliers <- boxplot( merged_data$`Portfolio Values`, plot = FALSE)$out
length(outliers)

#printing outlier values
merged_data[merged_data$`Portfolio Values`>higher_outlier, c( "Portfolio Values")]
merged_data[merged_data$`Portfolio Values` <Lower_Outlier, c("Portfolio Values")]

# outliers seem to be caused due to the wrong placement of decimal place in the values, so to fix that:
# as observed.....(div by 10)
merged_data$`Portfolio Values`[35]<- (merged_data$`Portfolio Values`[35])/10
merged_data$`Portfolio Values`[36]<- (merged_data$`Portfolio Values`[36])/10

#checking outliers
merged_data[merged_data$`Portfolio Values`>higher_outlier, c( "Portfolio Values")]
merged_data[merged_data$`Portfolio Values` <Lower_Outlier, c("Portfolio Values")]

#Step 10
mean(merged_data$`Portfolio Values`)
median(merged_data$`Portfolio Values`)


##Portfolio Value Graph 
random <- c(1:52)
plot(x = merged_data$Date, y = merged_data$`Portfolio Values`, type = "l", col="red")

#Step 11
view((merged_data[,-1]))
res <- cor(merged_data[,-1])
view(res)

res1 <- as.data.frame(res)[res[, "Portfolio Values"] == 1]
view(res1)

t1 <- subset(res1, res1$`Portfolio Values`>0.6)
t2 <- subset(res1, res1$`Portfolio Values`<(-0.6))     

view(t1)
view(t2)

Relevant_Correlation <- rbind(t1, t2)
view(Relevant_Correlation)


##Step 12

Relevant_Data <- merged_data[ , c('Date', 'Portfolio Values', 'Commercial Real Estate Price Index', 'consumer confidence index', 'Business Confidence Index'
                                  , 'BBB Corporate Yeild', '(USD/euro)', 'Money Supply')]




##Checking multi-linearity within Relevant Data

MultiRes <- res[c(11,15,17,22,23,24), c(11,15,17,22,23,24)]

view(MultiRes)


##Step 13


#model1
model1<- lm(   `Portfolio Values`~ `Commercial Real Estate Price Index` +
                 + `Business Confidence Index` + `consumer confidence index`
               + `(USD/euro)` + `BBB Corporate Yeild` + `Money Supply`
               ,data = Relevant_Data)

summary(model1)


# model 2
model2<- lm(   `Portfolio Values`~ `Commercial Real Estate Price Index` +
                 + `Business Confidence Index`+ `(USD/euro)` + 
                 `BBB Corporate Yeild` 
               ,data = Relevant_Data)
summary(model2) 

#model 3
model3<- lm(   `Portfolio Values`~`Commercial Real Estate Price Index`+
                 `BBB Corporate Yeild`
               , data = Relevant_Data)
summary(model3)



Model3.RESET <- resettest(model3, power = 2, type = "fitted", 
                          data = Relevant_Data)

Model3.RESET


model4 <- lm(   `Portfolio Values`~log(`Commercial Real Estate Price Index`)+
                  `BBB Corporate Yeild`
                , data = Relevant_Data)
summary(model4)

Model4.RESET <- resettest(model4, power = 2, type = "fitted",
                          data = Relevant_Data)

Model4.RESET




model5 <- lm(   `Portfolio Values`~log(`Commercial Real Estate Price Index`)+
                  log(`BBB Corporate Yeild`)
                , data = Relevant_Data)
summary(model5)

Model5.RESET <- resettest(model5, power = 2, type = "fitted",
                          data = Relevant_Data)

Model5.RESET


model6 <- lm(   log(`Portfolio Values`) ~ log(`Commercial Real Estate Price Index`)+
                  log(`BBB Corporate Yeild`)
                , data = Relevant_Data)
summary(model6)



Model6.RESET <- resettest(model6, power = 2, type = "fitted",
                          data = Relevant_Data)

Model6.RESET


##Updated Dataframe->

Log_Portfolio <- log(Relevant_Data$`Portfolio Values`)

Log_BBB <- log(Relevant_Data$`BBB Corporate Yeild`)

Log_CommercialRealEstate <- log(Relevant_Data$`Commercial Real Estate Price Index`)



NewRelevant_Data <- cbind(Date = Relevant_Data$Date,"Portfolio Value" = Log_Portfolio,
                          "Commercial Real Estate Price Index" = Log_CommercialRealEstate,"BBB corporate yield" = Log_BBB)
View(NewRelevant_Data)
	
##Step 14

#Portfolio Value vs Consumer confidence index
obj1 <- xyplot(Relevant_Data$`Portfolio Values` ~ Relevant_Data$Date, Relevant_Data, type = "l" , lwd=2, col="steelblue")
obj2 <- xyplot(Relevant_Data$`consumer confidence index` ~ Relevant_Data$Date, Relevant_Data, type = "l", lwd=2, col="red")
#
doubleYScale(obj1, obj2, text = c("Portfolio Values", "Consumer Confidence Index") , add.ylab2 = TRUE )


#Portfolio value vs commercial real estate price index
obj3 <- xyplot(Relevant_Data$`Portfolio Values` ~ Relevant_Data$Date, Relevant_Data, type = "l" , lwd=2, col="steelblue")
obj4 <- xyplot(Relevant_Data$`Commercial Real Estate Price Index` ~ Relevant_Data$Date, Relevant_Data, type = "l", lwd=2, col="red")
#
doubleYScale(obj3, obj4, text = c("Portfolio Values", "Commercial real estate price index") , add.ylab2 = TRUE)


#Portfolio value vs Business confidence index
obj5 <- xyplot(Relevant_Data$`Portfolio Values` ~ Relevant_Data$Date, Relevant_Data, type = "l" , lwd=2, col="steelblue")
obj6 <- xyplot(Relevant_Data$`Business Confidence Index` ~ Relevant_Data$Date, Relevant_Data, type = "l", lwd=2, col="red")
#
doubleYScale(obj5, obj6, text = c("Portfolio Values", "Business confidence index") , add.ylab2 = TRUE)


#Portfolio value vs BBB Corporate Yield
obj7 <- xyplot(Relevant_Data$`Portfolio Values` ~ Relevant_Data$Date, Relevant_Data, type = "l" , lwd=2, col="steelblue")
obj8 <- xyplot(Relevant_Data$`BBB Corporate Yeild` ~ Relevant_Data$Date, Relevant_Data, type = "l", lwd=2, col="red")
#
doubleYScale(obj7, obj8, text = c("Portfolio Values", "BBB Corporate Yield") , add.ylab2 = TRUE)


#Portfolio value vs (USD/euro)
obj9 <- xyplot(Relevant_Data$`Portfolio Values` ~ Relevant_Data$Date, Relevant_Data, type = "l" , lwd=2, col="steelblue")
obj10 <- xyplot(Relevant_Data$`(USD/euro)` ~ Relevant_Data$Date, Relevant_Data, type = "l", lwd=2, col="red")
#
doubleYScale(obj9, obj10, text = c("Portfolio Values", "(USD/euro)") , add.ylab2 = TRUE)


#Portfolio value vs Money Supply
obj11 <- xyplot(Relevant_Data$`Portfolio Values` ~ Relevant_Data$Date, Relevant_Data, type = "l" , lwd=2, col="steelblue")
obj12 <- xyplot(Relevant_Data$`Money Supply` ~ Relevant_Data$Date, Relevant_Data, type = "l", lwd=2, col="red")
#
doubleYScale(obj11, obj12, text = c("Portfolio Values", "Money Supply") , add.ylab2 = TRUE)

#step 20
##Quantitative Tests - Stationarity
#ACF TEST
Acf(model6$residuals)

#PCF TEST
pacf(model6$residuals)

##Phillips Peron test
##Converting dataframe into a time series
#using xts to convert data into timeseries
Timeseries_Data <- xts(NewRelevant_Data[, 2], order.by = as.yearqtr(NewRelevant_Data[, 1], format = '%Y/%m/%d'))
view(Timeseries_Data)
##Hence it is not stationary.


##Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test 
library(tseries)
kpss.test(Timeseries_Data)
##Hence it is stationary.


##ADF Test
adf.test(Timeseries_Data)
##Hence it is not stationary.



##Quantitative Tests - Normality


##Jarque Bera Test
jarque.bera.test(as.numeric(Timeseries_Data))
##Hence, Normal.


##Shapiro Wilk Test
shapiro.test(as.numeric(Timeseries_Data))
##Hence, Normal.


##Kolmogrov-Smirnov Test
ks.test(x = as.numeric(Timeseries_Data), y = c(1:52))
##Hence, Not normal.


##Quantitative Tests - Auto-correlation of errors

##Durbin Watson Test
durbinWatsonTest(model6)
# as durbin watson test p-value is lesser than 0.05b we reject the null hypothesis
# and conclude that there exists a correlation between the variables

#Breusch-Godfrey Test
bgtest(model6, order = 4)

# as Breusch-Godfrey Test p-value is lesser than 0.05b we reject the null hypothesis
# and conclude that there exists a correlation between the variables



##Quantitative Tests - Heteroskedasticity

#Breush Pagan Test
bptest(model6)
# as Breush Pagan Test p-value is more than 0.05b we reject the null hypothesis
# and conclude that there is no heteroscedasticity present in the model

##Quantitative Tests - Multicollinearity

#Variance Inflation Factor
vif(model6)
#As both the variables have low VIF value there is no multi collinearity

#plotting the model
plot(model6)


Step 21
predictedvalues_insample<-predict(model6, Relevant_Data)
summary(model6)
predictedvalues_insample<-as.data.frame(predictedvalues_insample)
Relevant_Data2<-cbind(predictedvalues_insample , Relevant_Data )
view(Relevant_Data2)

errors_insample<-exp(predictedvalues_insample)-(Relevant_Data$`Portfolio Values`)
errors_insample

squared_error_insample<-(errors_insample)^2
squared_error_insample<-as.factor((squared_error_insample))
squared_error_insample<-as.numeric(squared_error_insample)
MSE_insample<-mean(squared_error_insample)

RMSE_insample<-(MSE_insample)^0.5

abs_insample<-abs(errors_insample/Relevant_Data$`Portfolio Values`)*100
MAPE_insample<- mean(abs_insample)



# Step 22

# creating training and testing data
training_data<-Relevant_Data[c(1:40), ]
View(training_data)
testing_data<-Relevant_Data[c(41:52), ]
View(testing_data)


#step 23
model7<-lm(   log(`Portfolio Values`) ~ log(`Commercial Real Estate Price Index`)+
                log(`BBB Corporate Yeild`)
              , data = training_data)
summary(model7)

predictedvalues_outsample<-predict(model7, testing_data)
predictedvalues_outsample<-as.data.frame(predictedvalues_outsample)
Relevant_Data3<-cbind(predictedvalues_outsample , Relevant_Data[c(41:52), ] )

errors_outsample<-exp(predictedvalues_outsample)-(Relevant_Data$`Portfolio Values`)
errors_outsample

squared_error_outsample<-(errors_outsample)^2
squared_error_outsample<-as.factor((squared_error_outsample))
squared_error_outsample<-as.numeric(squared_error_outsample)
MSE_outsample<-mean(squared_error_outsample)

RMSE_outsample<-(MSE_outsample)^0.5

abs_outsample<-abs(errors_outsample/Relevant_Data$`Portfolio Values`)*100
MAPE_outsample<- mean(abs_outsample)


#Step 24
three_cases_data<-training_data_1[,1]
three_cases_data <- three_cases_data[with(three_cases_data, order(as.yearqtr(Date, format = 'Q%q %Y'))),, drop = FALSE]
View(three_cases_data)

#severely adverse
training_data_1<-severlyadverse
Relevant_Data_severlyadverse<- Relevant_Data

predictedvalues_severlyadverse<-predict(model7, training_data_1)
View(predictedvalues_severlyadverse)

predictedvalues_severlyadverse<-as.data.frame(predictedvalues_severlyadverse)
three_cases_data<-cbind(predictedvalues_severlyadverse , three_cases_data ,row.names = NULL )
view(three_cases_data)

errors_severlyadverse<-predictedvalues_severlyadverse-log(Relevant_Data$`Portfolio Values`)
errors_severlyadverse

#baseline
training_data_2<-baselinedata
Relevant_Data_baseline<- Relevant_Data
predictedvalues_baseline<-predict(model7, training_data_2)
View(predictedvalues_baseline)

predictedvalues_baseline<-as.data.frame(predictedvalues_baseline)
three_cases_data<-cbind(predictedvalues_baseline , three_cases_data,row.names = NULL  )
view(three_cases_data)

errors_baseline<-predictedvalues_baseline-log(Relevant_Data$`Portfolio Values`)
errors_baseline

#adverse data
training_data_3<-adversedata
Relevant_Data_adverse<-Relevant_Data

predictedvalues_adversedata<-predict(model7, training_data_3)
View(predictedvalues_adversedata)

predictedvalues_adversedata<-as.data.frame((predictedvalues_adversedata))
three_cases_data<-cbind(predictedvalues_adversedata , three_cases_data, row.names = NULL )
view(three_cases_data)

errors_adversedata<-predictedvalues_adversedata-log(Relevant_Data$`Portfolio Values`)
errors_adversedata


# Final calculations
Baseline_Value <-as.numeric(exp(three_cases_data[13,2])) 
Adverse_value <- as.numeric(exp(three_cases_data[13,1]))
SeverelyAdverse_value <- as.numeric(exp(three_cases_data[13,3]))

initialportfolio<- as.numeric(Relevant_Data[52,3])

deficit_baseline <-(initialportfolio - Baseline_value)
deficit_baseline

deficit_adverse <-(initialportfolio - Adverse_value)
deficit_adverse

deficit_severeadverse <-(initialportfolio - SeverelyAdverse_value)
deficit_severeadverse

Capital_needed <-( deficit_baseline *0.5)+( deficit_adverse *0.35)+( deficit_severeadverse *0.15)
Capital_needed

