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Time Series Regression

Time series data is often used in real life problems, so it’s important to be able to combine the temporal
element of the data with regression analysis. The examples we will be using will be focused on forecasting
using data on U.S. macroeconomic indicators. The idea of time series regression is to use past values of the
dependent variables as the predictors.

Install the following packages: - AER - dynlm - forecast - readxl - stargazer - scales - quantmod - urca

In time series regression, we use data on present and past values of the response variable to forecast the next
response variable values.

## Loading required package: xts

## Loading required package: zoo

##
## Attaching package: 'zoo'

## The following objects are masked from 'package:base':
##
## as.Date, as.Date.numeric

## Registered S3 method overwritten by 'xts':
## method from
## as.zoo.xts zoo

## Loading required package: TTR

## Registered S3 method overwritten by 'quantmod':
## method from
## as.zoo.data.frame zoo

## Version 0.4-0 included new data defaults. See ?getSymbols.

We’ll start by importing and cleaning the data set.

USMacro = read_xlsx("USMacro.xlsx",
sheet = 1,
col_types = c("text", rep("numeric", 9)))

## New names:
## * `` -> ...1
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# the first column contains text data, and the rest contain numeric data

# format the date column
USMacro$...1 = as.yearqtr(USMacro$...1, format = "%Y:0%q")

# column names
colnames(USMacro) = c("Date", "GDPC96", "JAPAN_IP", "PCECTPI",

"GS10", "GS1", "TB3MS", "UNRATE", "EXUSUK", "CPIAUCSL")

# now we have to convert our data into year quarter date format
#xts is a time series object

GDP = xts(USMacro$GDPC96, USMacro$Date)["1960::2013"]
Growth = xts(400*log(GDP/lag(GDP)))

Before continuing, let’s visualise the data first.

plot(log(as.zoo(GDP)), col = "blue", lwd = 3,
main = "U.S. Quarterly GDP",
xlab = "Date",
ylab = "Log")

1960 1970 1980 1990 2000 2010

8.
0

8.
5

9.
0

9.
5

Date

Lo
g

U.S. Quarterly GDP

plot(as.zoo(Growth), main = "U.S. GDP Growth Rates",
xlab = "Date",
ylab = "Log")
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We’re going to continue building an autoregressive model, which is commonly used in time series regression.
We are going to use the data from 1962 Q1 to 2012 Q4 to estimate future GDP growth. This is doen using
the ar.ols() function from the package stats.

library(stats)
library(forecast)

## Registered S3 methods overwritten by 'forecast':
## method from
## fitted.fracdiff fracdiff
## residuals.fracdiff fracdiff

# subset the data
GDP_past = Growth["1962::2012"]

# estimate the model using ar.ols
ar.ols(GDP_past, order.max = 1, demean = F, intercept = T)

##
## Call:
## ar.ols(x = GDP_past, order.max = 1, demean = F, intercept = T)
##
## Coefficients:
## 1
## 0.3384
##
## Intercept: 1.995 (0.2993)
##
## Order selected 1 sigma^2 estimated as 9.886
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# lm gives us the same model as ar.ols
GDPGrowth_Level = as.numeric(GDP_past[-1])
GDP_lags = as.numeric(GDP_past[-length(GDP_past)])

model = lm(GDPGrowth_Level ~ GDP_lags)
model

##
## Call:
## lm(formula = GDPGrowth_Level ~ GDP_lags)
##
## Coefficients:
## (Intercept) GDP_lags
## 1.9950 0.3384

Now we are going to use the model to perform forecasting for 2013 Q1. Library the forecast package.

# assign GDP Growth rate in 2012 Q4
new = data.frame("GDP_lags" = GDPGrowth_Level[length(GDP_past)-1])

# forecast GDP growth in 2013 Q1
forecast(model, newdata = new)

## Point Forecast Lo 80 Hi 80 Lo 95 Hi 95
## 1 2.044155 -2.036225 6.124534 -4.213414 8.301723

The output is a point forecast along with 80% and 95% forecast intervals. The forecasted growth looks to
be about 2%.

summary(model)

##
## Call:
## lm(formula = GDPGrowth_Level ~ GDP_lags)
##
## Residuals:
## Min 1Q Median 3Q Max
## -10.6285 -1.7048 0.1054 1.8488 12.7922
##
## Coefficients:
## Estimate Std. Error t value Pr(>|t|)
## (Intercept) 1.99499 0.30078 6.633 2.98e-10 ***
## GDP_lags 0.33844 0.06624 5.110 7.49e-07 ***
## ---
## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
##
## Residual standard error: 3.16 on 201 degrees of freedom
## Multiple R-squared: 0.115, Adjusted R-squared: 0.1106
## F-statistic: 26.11 on 1 and 201 DF, p-value: 7.486e-07

We can see from the summary of the model that our model actually only explains a small amount of the
variation in GDP growth rate, so it has poor explanatory power. We will compute the forecasting error to
see just how poor our forecast may be.
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forecast(model, newdata = new)$mean - Growth["2013"][1]

## x
## 2013 Q1 0.9049532
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