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Part I: Univariate time-series analysis
▪ Working with dates in Stata
▪ Declaring time-series data with tsset
▪ Plotting with tsline
▪ Testing parameter stability with estat cusum
▪ Smoothing with tssmooth
▪ Testing for unit roots with dfuller
▪ Difference and lag operators
▪ Visualizing autocorrelation with ac and pac
▪ Box-Jenkins models with arima
▪ Heteroskedasticity models with arch
▪ Forecasting with predict

Part II: Multivariate time-series analysis
▪ Business calendars with bcal
▪ Vector autoregression with var and svar
▪ Impulse-response functions with irf

Topics



Part I. Univariate time-series analysis



Components of a time series

𝑦𝑡 = 𝑡𝑟𝑒𝑛𝑑𝑡 + 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦𝑡 + 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑡

𝑥𝑡 = 𝑡𝑟𝑒𝑛𝑑𝑡 × 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦𝑡 × 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑡

or



Additive trend Multiplicative trend

Components of a time series
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Additive seasonality

Multiplicative trend
Additive seasonality 

Components of a time series
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Components of a time series



Additive trend
Additive seasonality
+ random noise

Additive trend
Multiplicative seasonality
+ random noise

Multiplicative trend
Additive seasonality
+ random noise

Multiplicative trend
Multiplicative seasonality
+ random noise

Components of a time series



Public transport dataset



Importing data

. import excel "C:\Users\afh\Desktop\tsWebinar\ptmex.xls", 
sheet("Sheet1") firstrow



Date variable



Date variable format

. generate t = monthly(date, "YM")

. format t %tm



Date variables help

. help datetime



Declaring time-series data

. tsset t

Time variable: t, 1986m1 to 2022m11
Delta: 1 month



Metro



Metro: Time-series line plot

. tsline metro



Metro: Removing the pandemic

. keep if tin(1986m1, 2019m12)

. tsline metro



Metro: First impression



Metro: Parameter stability

. regress metro



Metro: Parameter stability

. estat sbcusum



Smoothers in Stata

. help tssmooth



Metro: Moving average (1 1 1) smoother

. tssmooth ma ma3_metro = metro,
window(1 1 1)

. tsline metro ma3_metro



. tsline ma3_metro

Metro: Moving average (1 1 1) smoother



. regress ma3_metro

. estat sbcusum

Metro: Moving average (1 1 1) smoother



Metro: Seasonality

. tsline metro ma3_metro if tin(2004m1,
2006m12)



. tssmooth ma ma12_metro = metro,
window(11 1)

. tsline metro ma12_metro if
tin(2004m1, 2006m12)

Metro: Moving average (11 1) smoother



. tsline metro ma12_metro

Metro: Moving average (11 1) smoother



. tsline ma12_metro

Metro: Moving average (11 1) smoother



. regress ma12_metro

. estat sbcusum

Metro: Moving average (11 1) smoother



Other structural break tests

. search structural break



Metrobus



Metrobus: Time series line plot

. tsline metrobus



Metrobus: Time series line plot



Metrobus: ma window(11 1) smoother

. tssmooth ma ma12_metrobus = metrobus,
window(11 1)

. tsline metrobus ma12_metrobus



Metrobus: ma window(11 1) smoother

. tsline ma12_metrobus



Metrobus: Unit-root test

. dfuller metrobus



Metrobus: Unit-root test



Metrobus: First differences

. tsline D.metrobus



Aside: Difference and lag operators

Differences D.variable

D2.variable

etc…

Lags L.variable

L2.variable

etc…

Leads F.variable

F2.variable

etc…

Seasonal difference S4.variable

S12.variable



. dfuller metrobus, trend

Metrobus: Unit-root test



. dfuller D.metrobus

Metrobus: Unit-root test



Other unit-root tests

. search unit root



Metrobus: Constant variance?

. tsline D.metrobus if tin(2008m1,
2019m12)



Metrobus: ARIMA

𝑑.𝑚𝑒𝑡𝑟𝑜𝑏𝑢𝑠𝑡 = 𝜇 + 𝜙1𝑑.𝑚𝑒𝑡𝑟𝑜𝑏𝑢𝑠𝑡−1 +⋯+𝜙𝑝𝑑.𝑚𝑒𝑡𝑟𝑜𝑏𝑢𝑠𝑡−𝑝

+ 𝜖𝑡 + 𝜃1𝜖𝑡−1 +⋯+ 𝜃𝑝𝜖𝑡−𝑞



Autocorrelogram

. ac D.metrobus



Partial autocorrelogram

. pac D.metrobus



Model selection with arimasoc

. arimasoc D.metrobus



Metrobus: ARIMA(2, 1, 1)

. arima metrobus, arima(2, 1, 1)

. estimates store arima21



Metrobus: ARCH

𝑑.𝑚𝑒𝑡𝑟𝑜𝑏𝑢𝑠𝑡 = 𝜇 + 𝜙1𝑑.𝑚𝑒𝑡𝑟𝑜𝑏𝑢𝑠𝑡−1 +⋯+𝜙𝑝𝑑.𝑚𝑒𝑡𝑟𝑜𝑏𝑢𝑠𝑡−𝑝

+ 𝜖𝑡 + 𝜃1𝜖𝑡−1 +⋯+ 𝜃𝑝𝜖𝑡−𝑞

𝜎𝑡
2 = 𝛾0 + 𝛾1𝜖𝑡−1

2 +⋯+ 𝛾𝑚𝜖𝑡−𝑚
2



Metrobus: ARCH effects test

. quietly regress D.metrobus

. estat archlm, lags(1)



Metrobus: ARMA(2,1) with ARCH(1) disturbances

. arch D.metrobus, ar(1 2) ma(1) 
arch(1)



Metrobus: AR(2) with ARCH(1) disturbances

. arch D.metrobus, ar(1 2) arch(1)



Metrobus: AR(1) with ARCH(1) disturbances

. arch D.metrobus, ar(1) arch(1)

. estimates store arch1



Metrobus: Model comparison

. estimates stats arima21 arch1



Metrobus: 2019 forecast

. arch D.metrobus if    
tin(2008m1, 2018m12), ar(1) arch(1)

. predict fcst_arch1 in tin(2008m1, 
2019m12), dynamic(tm(2018m12))

. tsline D.metrobus fcst_arch1 
if tin(2018m1, 2019m12),
tline(2018m12)



Part II. Multivariate time-series analysis



Trolley bus



RTP



The dataset



The dataset

. tsset date



The dataset



Step 1: Create a business calendar

. bcal create mycal, from(date)



Step 2: Load the business calendar

. bcal load mycal



Step 3: Generate business calendar variable

. generate bcaldate = bofd("mycal", 
date)



Step 4: Format business calendar variable

. format %tbmycal bcaldate



Business calendar variable

. tsset bcaldate



Vector autoregression intuition



VAR intuition: Contemporaneous effects



VAR intuition: Contemporaneous effects



▪ If a commuter is not using one 
transportation system today, 
they may be using another. 

VAR intuition: Contemporaneous effects



VAR intuition: Lagged effects



▪ Negative autocorrelation? 
Probably not. People don’t go to 
work/school just every other day.

▪ Positive autocorrelation? Maybe, 
because days of above-average 
changes in passenger volumes 
tend to be followed by more days 
of above-average changes. Same 
for below-average days.

VAR intuition: Lagged effects



VAR intuition: Innovations



VAR intuition: Innovations



VAR theory review: Setup



VAR theory review: Structural to reduced form

!!!!!!



VAR theory review: Structural to reduced form



𝐴 𝐴1 𝐵𝑦𝑡 𝑦𝑡−1 𝜖𝑡

VAR theory review: Structural to reduced form



VAR theory review: Structural to reduced form



VAR theory review: Structural to reduced form



VAR theory review: Structural to reduced form



VAR: Lag order

. varsoc d_metro d_metrobus d_trolley
d_rtp



VAR: Output

. var d_metro d_metrobus d_trolley
d_rtp, lags(1 2 3)



VAR: Output



VAR: Output



VAR: Output



VAR: Output



The bayes prefix

. bayes: var d_metro d_metrobus d_trolley d_rtp, lags(1 2 3)



Structural vector autoregression



SVAR



SVAR: Identification

Information we have Information we want

10 covariances 28 parameters



SVAR: Cholesky decomposition

Information we have Information we want

10 covariances 10 parameters



SVAR ordering



SVAR: Other identification strategies



SVAR(3)

matrix input A =  ( 1,  0,  0,  0\ ///
.,  1,  0,  0\ ///
.,  .,  1,  0\ ///
.,  .,  .,  1)

matrix input B =   ( .,  0,  0,  0\ ///
0,  .,  0,  0\ ///
0,  0,  .,  0\ ///
0,  0,  0,  .)

. svar d_rtp d_trolley d_metrobus
d_metro, aeq(A) beq(B) lags(1 2 3)



Impulse-response Function

. irf set "myIRF"

. irf create svar1



IRF graphs

. irf graph oirf



IRF graphs



IRF graphs



IRF graphs



IRF graphs



IRF graphs



IRF graphs



IRF graphs



Thank you for joining us!
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