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Unit root and break tests
As discussed in appendix J, the adopted approach to co-integration analysis accommodates variables that are I(0), I(1) or a mixture of I(0) and I(1). The procedure does not require prior knowledge of the order of integration of the variables. However, the strategy is not valid for I(2) variables and certain models are estimated with alternative estimation strategies that require knowledge of the order of integration of the variables. Therefore, this appendix presents the results of univariate unit root tests at the level of the market sector (table G.1). Tests are undertaken with and without structural breaks. 

The key results of the unit root tests are as follows. 

· Tests that do not include structural breaks indicate that the variables are generally I(1). Some variables test as I(0) with a drift. The knowledge stocks may be more of a problem as the unit root tests indicate they could be I(2). 

· Introducing various forms of breaks into the testing results in significant uncertainty concerning the true order of integration of many variables. 

The variables are non-stationary

Multifactor productivity (MFP), labour productivity, public infrastructure, road infrastructure, communication infrastructure, and industry protection all test as I(1) using the Augmented Dickey-Fuller and Dickey-Fuller generalised least squares tests. Private IT capital and education test as I(0) with a drift or I(1). 

Table G.1
Unit root tests for the market sector, 1968-69/1974-75 to 2002-03
Critical values of 5 per cent used for tests. Only breaks significant at 10 per cent or greater are shown for innovational outlier tests.
	
	Rho(ρ)a
	ln(X)b
	Zivot-Andrews: single break in trendc
	Innovational outliers: single structural break in meand
	Innovational outliers: two structural breaks in meand

	MFP 
	0.984
	I(1)
	I(1), 1980
	I(1)
	I(1)

	Labour productivity
	0.997
	I(1)
	I(1), 1980
	I(1)
	I(1), 1977 & 89

	Public infrastructure 
(I3)
	0.902
	I(1)
	I(1), 1994
	I(1)
	I(0), 1982 & 97

	Public infrastructure (I3ug2s)
	0.864
	I(1)
	I(1), 1991
	I(1)
	I(0), 1982 & 96

	Road infrastructure
(roads)
	0.954
	I(1)-I(2)
	I(2), 1996
	I(2)
	I(0), 1982 & 95

	Road infrastructure
(roadug2) 
	0.945
	I(1)
	I(1), 1980f
	I(1)
	I(1)-I(2), 1981 & 85

	Comm. infrastructure
(ci5)
	1.020
	I(1) with drift
	I(2), 1994
	I(2)
	I(2), 1984 & 95

	Comm. infrastructure (ci5ioug)
	1.027
	I(1)
	I(1), 1996
	I(1), 1995
	I(1), 1979 & 95

	Private IT capital (nonggIT) 
	0.972
	I(0) with drift
	I(2), 1981
	I(2), 1980
	I(2), 1979 & 84

	Education
(edu)
	0.912
	I(0) with drift
	I(1), 1993g
	I(0)
	I(0), 1992 & 95

	Industry protection
(era)
	1.030
	I(1)
	I(1), 1996
	I(1), 1986
	I(1), 1986 & 92

	Australian bus. R&D
(rbus15of) 
	1.033
	I(2)
	I(0), 1992h
	At least I(2)
	At least I(2)

	Foreign gross R&D 
(rfg15_te)
	0.982
	I(0) with drift or I(2)
	At least I(2)
	I(1), 1993e
	I(1), 1981 & 89


Detailed definitions are provided in table 3.3 for infrastructure variables and in table E.1 for other variables. Years are financial years beginning 1 July of year specified. a( Coefficient from a regression of the variable on its lagged value and an intercept. b The unit root tests included the Augmented Dickey-Fuller and the Dickey-Fuller generalised least squares tests. The selection of the lag length was undertaken using a combination of inspection of the correlogram, a testing down procedure and test statistics. c Zivot and Andrews (1992). Null is a unit root process with drift. The alternative hypothesis is a trend stationary process with a one-time break in trend. Year of minimum t-statistic shown. d Clemente et al. (1998) innovational outlier tests with single and double structural breaks. e Dickey-Fuller tests indicate the stock of foreign gross R&D is I(0) with a drift if the sample is restricted to 1974‑75 onwards. If earlier data is included in the test, then foreign gross R&D tests as I(2). The initial observation for almost all models in the paper is between 1974-75 and 1976-77. f Zivot-Andrews single break in intercept test indicates I(0) with minimum t-statistic at 1991. g Zivot-Andrews single break in intercept test indicates I(0) with minimum t-statistic at 1992. h Result is for break in intercept test. Break in trend test results in an order of at least I(2). 
Source: Authors’ estimates. 

Potential problems with I(2) variables  

Testing indicated that the domestic business knowledge stock is likely to be I(2). Depending on the particular test, the stock of foreign gross R&D, private IT capital and non-usage adjusted communication infrastructure also tested as I(2). This means that the growth rate of these variables are not stationary for the period under observation. Visual inspection of the growth rates supports the formal tests. 

The autoregressive distributed lag co-integration procedure outlined in appendix J, and common alternative approaches, are not valid for variables of I(2). However, unit root tests often have low power, and tests that incorporate immediate or gradual breaks can indicate a lower order. Given the uncertainty about the true order of integration of the variables, one can proceed as if they are I(1). The knowledge stocks do not survive test down procedures under many specifications. 

If the variables are indeed I(2), then their behaviour in the regressions should be very unstable. For example, parameter estimates should be sensitive to the time period included in the regressions (see Haldrup (1998) for a discussion of co-integration in the context of I(2) variables). 

If the variables could be observed over a substantially longer time period, it is very likely that their growth rates would be stationary. 
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