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Abstract

In this paper we present finite T mean and variance correction factors and corresponding
response surface regressions for the panel cointegration tests presented in Pedroni (1999,
2004), Westerlund (2005), Larsson et al. (2001), and Breitung (2005). For the single
equation tests we consider up to 12 regressors and for the system tests vector
autoregression dimensions up to 12 variables. All commonly used specifications for the
deterministic components are considered. The sample sizes considered are T € {10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 200, 500}.
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1 Introduction

In this paper we present finite 7" mean and variance correction factors and corresponding re-
sponse surface regressions for the panel cointegration tests presented in Pedroni (1999, 2004),
Westerlund (2005), Larsson et al. (2001) and Breitung (2005). For the single equation tests we
consider up to 12 regressors and for the system tests vector autoregression (VAR) dimensions
up to 12 variables. The considered sample sizes are T' € {10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
500}. The results are based on 100,000 replications of approximating the moments of the func-
tionals of Brownian motions required in the different tests by the corresponding functionals
of random walk series of length T'. A detailed description of the simulation of the correction
factors as well as the computer code in GAUSS are available upon request from the authors.

It has to be noted that the use of finite sample critical values or finite sample correction
factors comes at a certain price for any unit root or cointegration test, both in a time series and
panel setting. For finite time series dimension the exact finite sample test statistics typically
depend on all characteristics of the data generating processes. The dependence upon these
nuisance parameters vanishes only as T — oo. Thus, the advantages of using small sample
correction factors based on small sample approximations of the limiting test statistics is to a
certain extent offset by the finite sample nuisance parameter dependency. With respect to this
tradeoff no general results are available in either the literature or in this paper. The general
tendency in the literature is to value the gains due to the small sample approximations higher
than the detrimental effects incurred due to nuisance parameter dependencies. Nevertheless,
the potential drawbacks have to be kept in mind when using the correction factors and
response surface regressions provided in this paper.

In the following two sections we briefly describe the implemented tests with a focus on the
actual computation of the test statistics and the usage of the mean and variance correction
factors. The single equation tests are discussed in Section 2 and the system tests in Section 3.
A detailed description of the tests including a thorough discussion of the assumptions as
well as simulation performance is contained in Wagner and Hlouskova (2010). Section 4
contains the results from response surface regressions to efficiently, albeit only approximately,
summarize the information from the large set of correction factors. The full set of tables with

the correction factors is given in the appendix.



2 The single equation tests

The single equation methods are panel extensions of the Engle and Granger (1987) approach
to cointegration analysis with the DGP given by

vir = o + 6t + X6 + uit (1)
Xig = X1 +eu (2)

observed for i = 1,...,N and t = 1,...,T. Here yj,uys € R, X;; and €5 € R, 4,6, € R
and 3; € RY. Cointegration prevails in unit i, if u; is stationary in which case the single
cointegrating vector is given by [1,—/]’. To be able to write the DGP in a unified fashion
for both cointegration and no cointegration we set 5; = 0 in (1) if there is no cointegration
in unit ¢ with the corresponding process u;; being integrated of order 1, see below.

The null hypothesis of all considered single equation tests is that of no cointegration in all
units, i.e. the u;; are I(1) processes for i = 1,..., N. In this case, when viewed as regressions
to be estimated, equations (1) are spurious regressions under the null hypothesis.!

We consider the usual three cases for the deterministic variables: Case 1 without deter-
ministic components, case 2 with only fixed effects «; and case 3 with both fixed effects «y

and individual specific linear time trends d;t.

Pedroni tests

The tests developed by Pedroni (1999, 2004) are based on testing for unit roots in the residuals
of equation (1), u; say, where in particular the OLS residuals of (1) can be chosen, see
Phillips and Ouliaris (1990) for a discussion in the time series setting. Similarly to the time

series case both regressor endogeneity and serial correlation have to be taken into account.

Denote with Vit = [Aug, et € R the stacked stationary error processes in (1) and (2),

with Q; = [ “ui Q“él the (full rank) long-run covariance matrices of v;;, with w? _, =
UET €t

w2, — QusiQ;Q’usi the conditional long-run variances and with A; = Z;io Evjpvl, ; the one-

sided long-run variances, which are partitioned according to the partitioning of €);.

2

The estimates w;, _,;

are given by the estimates of the long-run variances of the residuals,

;¢ say, of OLS regressions of Ay;; on the differenced deterministic components and AX;;. The

!The fact that equations (1) are spurious regressions in case of no cointegration implies, as is well known,
that e.g. OLS estimation of 3 in (1) will generally lead to a non-zero limit even if the true 8 = 0 (in our
notational convention).
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- -; can be obtained by using a kernel estimator, see Andrews (1991) or Newey

estimates @
and West (1987) or alternatively by fitting autoregressive moving average or autoregressive
models to 7;; (and computing the long-run variances model based).

The correction for serial correlation can be handled either non-parametrically (following
Phillips and Perron, 1988) or by using ADF type regressions. Let us start with the non-
parametric tests. Denote the residuals of the OLS regressions d;; = p;tUi—1 + fit by fiit.
Further, denote their estimated variances by &ii and their estimated long-run variances by
(ijn Then, the serial correlation correction factors are given by \; = %(@/2“ — 6'/2”). For later
use we also define &% = % Zfil @;2” Jo2 .

With the defined quantities the following pooled test statistics can be computed: the
variance ratio statistic PF;, the test based on the autoregressive coefficient PP,, and the test
based on the t-value of the autoregressive coefficient PP;.2 The essential parts (i.e. without

centering and scaling factors, see below) of the pooled test statistics are given by

N T -1
PPy = (N” >k (w > u)) (3)
i=1 t=2
DR (T_l S i1 Aty — 5‘1)
1IN - oT -
N1 L wu.gi (T 23 s Uzth)
DAY (T_l S i1 Aty — ;\i)
1/2
~ _ N ~— _ T ~
WNT (N 1Y wu.gi (T )P u?t—l))

The ADF-type test PPy is based on autoregressions to correct for serial correlation, where

PP = N2

PP’ = N7/? (5)

two auxiliary regressions are performed

K;

Aty = Y 7wtk + Crir (6)
=1
K;

Ujp—1 = Z Y2ik Aljt—1 + Co4t (7)
k=1

with the lag lengths K; chosen in practice by e.g. minimizing the Akaike (1969) information
criterion (AIC) in Ady = pitijr—1 + ZkK;l ik Aty + @'t. Denote the OLS residuals of the
above regressions (6) and (7) by CAlit and égit, the residuals from the regressions fut = pifgit +

0;: by éit and their estimated variances (needed later) by &gi. Furthermore define 612VT =

2PP is used as acronym for Pedroni pooled test. Below we use PG as acronym for Pedroni group-mean
test.



ﬁ ZZ]\L 1 ZtT: Kit2 élzt The essential part of the pooled ADF-type statistic is then given by

N ~-2 17 22
D i1 Wy (T Dot Kit2 Clit@it)

1/2
~ _ N ~—-2 —_ T
ONT (N 1Y it One (T 2 zt:Ki—i—Q <22it)>

Asymptotic normality using sequential limit theory, with T" — oo followed by N — oo can be

PPy = N2 (8)

established for the above test statistics by applying the so called Delta method (this requires
knowledge of the asymptotic means and variances of the building blocks, which are obtained
for practical purposes by simulation). The mean and variance correction factors, upp(r,s,!)
and 0% 5(r, s,1) depend upon the test considered (r € {o, p, ¢, df}),? the deterministic variables

(s € {1, 2, 3}) and upon the number of regressors [, i.e.:

PP° — N1/2
PP =171 ep(rs D) -y q)

(0%p(r,5,0) "

Pedroni develops three group-mean tests against the heterogeneous alternative. These

are: a test based on the first order autoregressive coefficient PG, a test based on its t-value

PG} and again an ADF-type test PGg4r. The essential parts of the test statistics are given by

—15T (o s — N
Pay = NTEN PGy, = N2y, T Eo(fedid)

) T ~9
T=23 005

PGy = N2y PGy, = NTV2RN T Yo (Bu1Adi =) )

i=1 "~ — T -
=1 ww(T 22t:2u12t—1)1/2

_ T e
PG?lf = N-U2 Zfil PGZfZ. - N-1/2 ZN T=1 Yk, 42 CritGait

=1 Go, (T2 Z?:Kﬁz G5/
Appropriately centered and scaled group-mean test statistics converge to the standard normal
distribution in the sequential limit by applying a central limit theorem to the i.i.d. (across

N) sequences, i.e.:

_ PG2—N'2upg(rsl) _1/2 N PG} ,—upc(rs)l)
PG, = (G%G(T787;)G1/2 = N /Ei:1W = N(0,1) (10)

with r € {p,t,df},* s € {1, 2, 3} and [ the number of regressors.

The five sets of different correction factors needed for the seven tests and three deter-
ministic specifications are displayed in the appendix in Tables 5 to 19. The results from the
response surface regressions are displayed in Table 1 for the pooled tests and in Table 2 for

the group-mean tests in Section 4.

3The correction factors coincide for the PP; test and the PPy test.
“The correction factors coincide for the PGy test and the PG test.



Westerlund tests

Westerlund (2005) develops two simple non-parametric tests that extend the Breitung (2002)
approach from the time series to the panel case. He proposes both a pooled test, referred to
as WP, and a group-mean test, referred to as WG. As for Pedroni’s tests, the residuals ;;
from estimating (1) by OLS are the starting point. Define 7; = S0 42, 7 = N~' 2N #
and é; = 22:1 @;;. Using these quantities the essential parts of the test statistics are given

by

Wpe = N2 (iTQ<T—4zT:é2>> (11)
r t=1 !

i=1
N T2 T

WG = Nl/QZf'(T‘lZé?t) (12)
i=1 " t=1

Applying the Delta method to W P° and a central limit theorem to WG° (seen by writing
WGe =N—1/2 Zf\; 1 WGY?) leads to asymptotic standard normality under the null hypothesis
in the sequential limit when using appropriate mean and variance correction factors, i.e.:

WP° — N'2uwp(s,1)

(UI%I/P(S’ l)) 2

WG — N'Y2uwa(s, 1)
(Ji%VG(S»l))I/Q

with s € {1, 2, 3} denoting the specification of deterministic variables and ! the number of

WP = N(0,1) (13)

W@ = N(0,1) (14)

regressors. The correction factors are displayed in the appendix in Tables 20 to 25 and the

results from the response surface regressions are displayed in Table 3 in Section 4.

3 The system tests

The second strand of the panel cointegration literature is based on panel extensions of VAR
cointegration analysis (see Johansen, 1995). Without imposing any homogeneity assumption
the panel VAR DGP is given in error correction form by
pi
AYy = Cy; + Coit + i 311 + Z LAY 4 wig (15)
j=1
with Y € R™, Cy;,Co; € R™, «y, 8; € R™*Fi with full rank, I';; € R™™ and wy cross-
sectionally independent m-dimensional white noise processes with covariance matrices ¥; > 0.

To ensure that the processes described by (15) are (up to the deterministic components)



I(1) processes, the matrices o I';3;1 have to be invertible, where a;; € RM*(m—ki) 3. €
R™*(m=ki) gre full rank matrices such that o a;=0and B, B =0and T, = I, — Z?;l Lyj.
In this case the space spanned by the columns of the matrix (; is the k;-dimensional cointe-
grating space of unit 7.°

In the VAR cointegration literature the following five specifications concerning the deter-
ministic components are usually discussed. Case 1 is without any deterministic components.
In case 2 restricted intercepts of the form Cj; = «;7; are contained (in the cointegrating
space) and case 3 includes unrestricted intercepts Cy; that induce linear time trends in Yj;. In
case 4 unrestricted intercepts and restricted trend coefficients Cy; = a;k; are included. This
allows for linear trends in both the data and the cointegrating relationships. Finally in case 5
unrestricted intercepts and trend coefficients are included.

The statistical analysis, i.e. parameter estimation (via reduced rank regression) as well as
testing for the cointegrating rank (using the so called trace or max tests), is well-developed and
known for all five listed cases (see Johansen, 1995). Therefore we do not repeat a discussion

of the procedure here.

Larsson, Lyhagen, and Lothgren test

Larsson et al. (2001) consider testing for cointegration in the above framework under the
assumption that II; = «;8, = af’ = II for ¢ = 1,...,N. The null hypothesis of their
test is Ho: rk(Il;) = k for ¢ = 1,...,N. The test is consistent against the alternative
hypothesis Hy: rk(1l;) > k for a non-vanishing (as N — oo) fraction of cross-section members.
The construction of their test statistic is similar to Im et al. (2003) and hence the test
statistic is given by a suitably centered and scaled version of the cross-sectional average
of the individual trace statistics. Denote with LR{(k,m) the trace statistic for the null
hypothesis of a k-dimensional cointegrating space for unit ¢, where the superscript s indicates
the specification of the deterministic components. Using a central limit theorem in the cross-
sectional dimension and the appropriate mean and variance correction factors implies that

under the null hypothesis

LLL*(k,m) WZ LEi( “)L)ff/(f M N, 1) (16)
ULR

5The integer k; is often referred to as cointegrating rank. Please note that §; as used in this sub-section does
not coincide with §; used in the description of the single equation methods, where — in case of cointegration —
the single cointegrating vector of unit i is given by [1, —£.]’.



in the sequential limit with 7" — oo followed by N — co. The (asymptotic) mean and variance
correction factors are given by the mean and variance of the limiting distribution of the trace
statistic of Johansen (1995). As is well known the trace statistic depends upon m — k, and
the correction factors are displayed in this way in the appendix in Tables 26 to 30 for the
five different specifications of the deterministic variables. The results from the corresponding

response surface regressions are displayed in Table 4 in Section 4.

Breitung test

Breitung (2005) proposes a 2-step estimation (and related test) procedure in a panel VAR
where only the cointegrating spaces are assumed to be identical for all cross-section members.
In the first step of his procedure the parameters are estimated individual specifically and in
the second step the common cointegrating space (3 is estimated in a pooled fashion.”

For simplicity we describe the method here for the VAR(1) model without deterministic
components. In the general case lagged differences as well as (restricted) deterministic com-
ponents are treated in the usual way and are concentrated out in the first step, as described

in Johansen (1995). Thus, consider

AYy = ;if'Yi—1 + wi (17)
Pre-multiplying equations (17) by (a/%; 'a;)"'al%; ! leads to

(a;-Ei_lai)*la;Ei_lAY;t = BYy_1+ (aéE;lai)*la;E;Iwit (18)
AV = BYior 4w (19)
where the last equation defines the variables with superscript T. Note also that Ew; (w;g)’ =
(a;E;lai)_l. Now, under the assumption of its feasibility, use the normalization 5 = [I, 53]’
and partition Y;; = [(Y;1), (Y;2)'] with Y;} € R¥ and Y2 € R™*. Using this notation we can

rewrite the above equation (19) as

AY,f =Yy =BYE | +wy (20)

Breitung suggests to obtain the estimate of 3 by estimating (20) with pooled OLS using the

estimate (&3; 'd;)"1@;%" based on the Johansen estimates. Note that, given the known

5This procedure extends the Ahn and Reinsel (1990) and Engle and Yoo (1991) approach from the time
series to the panel case. Since this procedure is less well-known we include a short description here.

"Note that in the first step individual specific estimates of all parameters are obtained and used, including
first step estimates of G;.



covariance structure of the errors in (20) (and an estimate being available), pooled feasible
generalized least squares (GLS) estimation of (20) is also an option.

The test Breitung proposes for the null hypothesis of rk(3) = k is based on Saikkonen
(1999). The difference from the Larsson et al. (2001) test is that Breitung’s test incorporates
the homogeneity restriction §; = 8 for ¢ = 1,..., N in the construction of the test statistic.
The discussion is again for the VAR(1) case without deterministic components. Denote with

~; € R™*(m=k) matrices with full column rank and consider
AYit = i Yi—1 + 70 Yie—1 + wit (21)

Under the null hypothesis of a k-dimensional cointegrating space, v; =0 fori=1,..., N and
under the alternative (of an m-dimensional cointegrating space) -; is unrestricted (in a non-
vanishing fraction of panel members to imply consistency of the test against this alternative)

to allow for IT; = a; 8" + ;8 of full rank. Pre-multiply (21) with o/, to obtain

W AYy = o) Y1 + o wi (22)

@AYy = (B Yie1) + Wit (23)

where the last equation defines the coefficients and variables. Replacing «;; and 3, by the
estimates discussed above allows the estimation of equations (23) separately by OLS and the
construction of test statistics for the hypotheses Hy: ¢; = 0 for ¢ = 1,..., N. Any of the
Lagrange multiplier, likelihood ratio or Wald test statistics can be used. We display here the
Lagrange multiplier test statistic, which has the advantage that it only requires estimation
under the null hypothesis. Denote with fit = d; | AY;; and with g;; = BA’LY#, then the Lagrange

multiplier test statistic for unit ¢ is given by

T —1
S g (z fitf;t) o)
t=2 t=2

T T
Mi(k,m) =Ttr | fudi (Z git—lggt—l)
t=2 =2 —
which is sequentially computed for the different values of k = 0,...,m. The panel test
statistic is then, as usual, given by the corresponding centered and scaled cross-sectional
average (putting again the superscript s to indicate the dependence upon the deterministic

components). Thus, under the null hypothesis

N
B*(k,m) = N"1/2}"

=1

LM;(k,m) — i, (k,m))
(075 ke, m))1/2

= N(0,1) (25)



The correction factors u7 ,, and Ji’i/[ coincide with the Larsson et al. (2001) correction factors,
i.e. they are also given by the first two moments of the trace statistic and hence are as for
the Larsson et al. (2001) tests given in Tables 26 to 30 in the appendix. Consequently, the

results from the response surface regressions are those displayed in Table 4 in Section 4.

4 Response surface regressions

In this section we consider response surface regressions, as popularized in the unit root and
cointegration context primarily by the work of James MacKinnon (see e.g. MacKinnon, 1996).
In the time series unit root and cointegration literature response surfaces are performed for
the critical values of the non-standard limiting distributions. In the panel unit root and
cointegration literature often the appropriately centered and scaled limiting distributions for
both N,T — oo are standard normal. Thus, in the nonstationary panel context it is the
centering and scaling factors as functions of the time series dimension and the number of
regressors (for the single equation tests) or the number of common trends (for the system
tests) for which response surface regressions are performed.

The functional form of the response surface regressions we use is inspired by the response
surface regressions of Banerjee and Carrion-i-Silvestre (2006). Their suggested specification
also turns out to perform well for the tests considered in this paper, based on a variety of
experiments. Consider any of the tests and cases for the deterministic components discussed.
Then denote with x € {y, 02} either the mean or variance correction factor, which is modelled
as a function of the time series length 7' € {10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500} and
of 1 <d < 12. Asindicated above, for the single equation tests d = I, due to their dependence
upon the number of regressors. For the system tests d = m — k, because for the trace test
the limiting distribution depends upon the number of common trends, which is given by the
number of variables (m) minus the number of cointegrating relationships (k). Note that for
T = 10 we include only values of d up to 4. This implies that the total number of observations
for the response surface regressions is 136. Clearly, one could argue that also for sample sizes
like T' = 20 or 30 including up to 12 variables is probably too large a number. However, as
long as T" > d all the regressions necessary to perform the tests can be performed and also

the finite sample correction factors can be simulated.



The baseline specification of the response surface regressions is given by

2
K(T,d) = (coj + e T + eo T2 + e3;,777) &/ + (T, d) (26)
=0

where e(T,d) denotes the residuals. The results in the following tables are based on OLS
estimation of the above equation with model reduction performed by applying stepwise least
squares. In the stepwise search procedure the coefficients cgg, co1 and cg2, corresponding to
the asymptotic values with respect to the time series dimension, have been excluded from the
set of variables for which stepwise least squares search has been performed. Given that the
estimated residuals é(7,d) show some evidence of serial correlation robust standard errors
as proposed by Newey and West (1987) are used in the specification analysis. In Tables 1
to 4 we only report the coefficients included in the final equation obtained, i.e. empty entries

correspond to excluded variables.

10



TABLE 1

Results of response surface regressions for Pedroni’s pooled tests

Case 1 Case 2 Case 3
7 o’ 7 o’ 7 o’
PP,
coo  -0.9335 42.9951 5.3771 76.3677 15.0585 236.79
clo 84.5553  -12,877.37  -101.27 -13,822.22  -136.04 -33,204.3
€20 601,633.1 5,636.67 650,212.1  8,103.47 1,461,661
cso  1,076.93 -4,034,887  -38,117  -4,307,032 -53,972.12 -9,839,589
co1  3.7642 19.7761 3.1358 10.9848 2.9211 -45.8134
c11 7,467.13 70.8503 8,097.15 100.65 18,508.21
co1 -1,076.83 -326,056.6 -3,285.56 -355,675.2 -4,590.12 -776,026.7
c31  3,062.65 1,757,638 18,850.81 1,890,962 25,131.11 4,343,904
co2  0.0156 1.4981 0.0577 2.2478 0.0677 6.7963
C12 -590.94 -5.6561 -642.44 -7.7481 -1,435.01
coy  134.52 24,735.32 313.87 26,923.16 397.56 55,050.31
c3z2  605.48 -696.96
PP,
coo L2451  12.9593  -2.0144  11.2377  -6.7056  22.8178
€10 560.19 -8.6362 411.06 -7.1086 174.40
coo  -659.26 -454.21 -316.31
cs0  H,831.34 -69,511.31 4,567.16 -57,078.76  3,815.7  -50,190.74
col  -3.8462  26.2931  -3.7869  24.4422 -3.654 92.2309
c11 -7.4332 -520.91 5.3581 -436.32 18.1073 -519.69
C21 568.4 439.74 -2,269 342.74
c31 -4,578.47 53,562.4 -3,919.49 65,449.98 -3,561.42  54,423.99
co2  -0.0085 -0.8045 -0.0115 -0.5659 -0.0178 -0.3875
c12  5.7543 -33.79 5.4551 -46.3982 5.2893 -45.2887
cos  -101.3 1,539.47 -103.41 1,884.3 -109.52 1,903.95
czz 68252  -16,061.26  708.33  -18,102.03 749.89 -18,992.54
PP,
coo  -0.584 0.7882 -1.3748 1.0342 -1.9644 0.6830
clo  -4.1598 -0.633 -4.1945 -4.3101
c20 2354021  12.1282 4.5137
C30 490.96 340.29 130.21
co1  -0.5492 0.2181 -0.4276 -0.0516 -0.3566 0.0050
c11 3.2827 4.0863 -2.7262 5.6216 -2.3971
co1  37.071 51.1496 37.6843
c31  -H68.12 -226.69 -134.83 -55.7596
co2  0.0172 -0.0202 0.0111 0.0012 0.0077 -0.0012
c12  0.3716 0.2722 0.1301 0.2374 0.0951
cos  -7.9692 -2.1943 -1.3963 -4.4724
c32  86.5335 35.7399 -20.0680
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TABLE 2

Results of response surface regressions for Pedroni’s group-mean tests

Case 1 Case 2 Case 3
7 o’ u o’ u o”
PG,
coo  -1.857 10.0917 -5.0569 20.7052 -9.7333 34.5197
€10 273.18 14.8251 -164.55
o0 -631.9 -417.09 2,991.73 -369.35
cso  6,305.02 -41,440.06 4,731.35 -59,919.38 4,206.14 -33,598.25
co1  -4.0361 16.5257 -3.9849 16.1141 -3.8462 16.6875
c11 4.0981 -320.57 16.5067 -375.36 29.0607 -560.98
o1 531.03 -1,999.36 377.59 -1,221.65 246.92 3,051.01
c31 -H,011.37 53,749.31 -4,211.11 55487.74 -3,608.18 34,978.93
co2  0.0023 -0.0813 -0.0004 -0.062 -0.0071 -0.1171
c12  5.7298 -48.7525 5.4381 -48.9814 5.2212 -40.9663
coy  -115.05 1,749.99 -116.04 1,867.89 -119.18 1,776.41
c3z  837.71  -16,456.08  860.13 -18,369.3 881.89  -19,043.07
PGy
coo  -1.0445 0.8162 -1.6823 0.6907 -2.2175 0.5782
10 -5.4311 -3.828 2.7886 -4.6666
€20 68.54 17.4594
C30 -337 219.01 101.55 182.24
co1 -0.4921 -0.0698 -0.4038 -0.0336 -0.3418 -0.0076
c11 3.6238 -0.5843 4.4786 -1.5976 5.7424 -1.6642
c91 12.7381 32.565 35.4064
c31 -33.1355 -270.68 -150.81 -168.44 -143.70
co2  0.0148 0.0039 0.0101 0.0016 0.0073 0.0001
c12  0.2846 -0.0261 0.3093 0.0457 0.2501 0.0522
cos  -1.8769 1.7478 -5.9623 -5.1892
32 -11.9386 51.3486  -11.9608 41.4558  -17.6730
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TABLE 3

Results of response surface regressions for Westerlund’s
pooled and group-mean tests

Case 1 Case 2 Case 3
[ o’ [ o’ [ o’
WP
coo 0.1444  0.0311 0.049 0.0021 0.0118 0.00006
€10
€20 0.9693 0.2957
€30 1.8842 0.1287
co1  -0.0305 -0.0069 -0.0105 -0.0005 -0.002  -0.00001
C11
€21
€31 -3.7713 -0.2667 0.0028
co2 0.0016 0.0004 0.0006 0.00002 0.00009 0.0000005
€12
€22
32 0.2362 0.0183 -0.0002
WG

coo  0.1027  0.0068  0.0333 0.0005 0.0095 0.00002
€10
€20 0.8192 0.3095 0.0003
€30 1.9565 0.1746
co1 -0.0217 -0.0016 -0.0071 -0.0001 -0.0016 -0.000005
C11
€21
c31 -1.0981 -2.9565 -0.0956 -0.2774  -0.0011
co2 0.0012 0.00009 0.0004 0.000008 0.00007 0.0000003
€12
€22
c32 0.0895 0.1855 0.0078 0.0166 0.00005
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Appendix: The correction factors

Correction factors for Pedroni tests
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TABLE 8

Finite T correction factors ppp(p) and o%p(p) for the pooled autoregressive coefficient test
statistic of Pedroni (PP,) for case 1

T/1 1 2 3 4 5 6 7 8 9 10 11 12
10 n -2.76  -5.54 -7.85 -9.66 - - - - - - - -
o? 21.04 37.37 40.04 32.17 - - - - - - - -
20 m -2.76  -5.94 -8.90 -11.563  -13.87 -15.95 -17.80 -19.38 -20.79  -22.12 -23.23 -24.31
o? 2261 46.56 60.15 58.85 52.25 46.84 40.76 39.70 36.36 33.74 32.30 28.73
30 m -2.79  -6.03 -9.35 -12.37  -15.13  -17.64 -19.96 -22.11 -24.07 -25.88  -27.58 -29.15
o? 2379 5257 67.63 64.50 69.73 63.51 60.18 56.85 54.45 52.57 51.09 49.19
40 m -2.79  -6.12 -9.59 -12.77  -15.81  -18.63  -21.28 -23.76 -26.02  -28.22 -30.32  -32.19
0?2 2449 5545  73.68 77.82 75.09 78.77 77.42 72.41 72.92 72.61 69.45 68.13
50 m -2.78  -6.17  -9.68 -13.06  -16.30 -19.27  -22.04 -24.83 -27.37  -29.85 -32.18 -34.36
o2 2459 56.81  79.69 81.65 81.94 83.83 83.10 85.79 84.07 82.57 84.06 83.09
60 m -2.77  -6.28 -9.78 -13.25  -16.54 -19.70  -22.74 -25.64 -28.39  -31.00 -33.54 -35.89
o? 2462 59.07 8257 84.70 85.72 87.33 90.94 93.23 94.24 95.29 98.01 96.24
70 m -2.77 -6.27  -9.86 -13.34  -16.80 -20.03  -23.17 -26.22 -29.08  -31.82  -34.50 -37.20
o2 2425 56.11  80.22 89.90 97.42 96.87 98.27 101.12  103.13 105.37 107.84 107.14
80 m -2.77  -6.26 -9.86 -13.48  -16.95 -20.28  -23.54 -26.59 -29.61  -32.57 -35.35 -38.11
o? 2464 60.03 84.30 92.63 91.82 98.15 106.88 109.70  107.85 113.27 115.36 117.82
90 m -2.78  -6.25 -9.91 -13.58  -17.06  -20.47  -23.75 -26.89 -30.12  -33.12 -36.05 -38.83
0? 2485 59.91  80.01 91.85 104.73  103.42 108.83 114. 26 116.51 121.57 122.33 126.70
100 p -2.79 -6.29 -10.01 -13.62 -17.17 -20.59 -23.90 -27.22 -30.561  -33.57 -36.51  -39.49
o 2473 59.72  79.75 99.46 102.86 115.42 115.12 118. 50 120.87 126.87 133.36  134.48
200 p -2.78  -6.35 -10.15 -13.94 -17.68 -21.31 -24.98 -28.66 -32.19  -35.68 -39.16  -42.55
o2 2604 6045 88.65 103.95 110.50 119.34 129.80 139.39  146.30 154.60 165.56  173.37
500 p -2.78 -6.35 -10.24 -14.12 -17.95 -21.85 -25.63 -29.54 -33.35 -37.08 -40.96  -44.63
0? 2556 63.45 93.60 107.61 128.75 131.49 141.45 152.83  165.74 177.31 187.24  200.99
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TABLE 9

Finite T correction factors ppp(p) and o%p(p) for the pooled autoregressive coefficient test
statistic of Pedroni (PP,) for case 2

T/1 1 2 3 4 5 6 7 8 9 10 11 12
10 m -5.48  -7.48 -9.26  -10.68 - - - - - - -
o? 16.46 22.68 22.23 21.75 - - - - - - -
20 m -5.72  -8.42 -1099 -13.32 -15.37 -17.23 -1890 -20.35 -21.66 -22.87 -23.96 -24.91
0?2  22.83 3437  40.60 41.30 41.88 39.79 36.47 33.91 31.94 29.66 27.69 26.60
30 m -5.84 -8.78 -11.71 -14.43 -17.00 -19.30 -21.49 -23.46 -25.35 -27.07 -28.63 -30.13
o? 2537 40.89 50.86 57.36 57.11 58.21 56.37 53.58 51.56 49.35 49.00 45.94
40 m -5.85 -8.95 -12.11 -15.04 -17.93 -20.51 -23.09 -25.40 -27.61 -29.70 -31.70 -33.51
0? 2682 4397 56.30 66.54 67.02 72.55 69.10 69.53 68.18 67.18 66.53 63.80
50 m -5.92  -9.08 -12.30 -15.43 -18.49 -21.34 -24.07 -26.70 -29.14 -31.55 -33.73 -35.86
o2  28.08 47.13  61.70 70.62 77.22 80.68 80.63 80.47 82.29 81.40 81.16 82.05
60 m -5.93  -9.11 -1246 -15.69 -18.87 -21.92 -24.84 -27.57 -30.29 -32.80 -35.25 -37.62
o? 2828 48.85  64.47 75.85 81.34 86.77 88.36 91.17 93.95 93.11 93.66 95.47
70 m -5.94 -9.24 -12.57 -15.95 -19.19 -22.30 -25.39 -28.24 -31.10 -33.80 -36.39 -38.92
o? 2895 49.39  66.00 77.28 85.18 93.77 95.81 101.17 103.79 103.61 106.31  107.24
80 m -5.95 -9.28 -12.63 -16.04 -19.45 -22.62 -25.78 -28.84 -31.75 -34.57 -37.31  -39.99
o2 2880 50.86 68.20 79.76 90.45 100.04 103.86 105.08 109.02 112.19 115.73 115.65
90 n -5.97  -9.31 -12.74  -16.23 -19.62 -2291 -26.12 -29.31 -32.28 -35.19 -38.09 -40.77
o? 2954 51.33  68.94 83.35 93.87  101.73 106.19 111.71 114.86 121.24 120.69 125.18
100 n -6.00 -9.29 -12.82 -16.31 -19.78 -23.16 -26.35 -29.63 -32.70 -35.73 -38.77 -41.49
o? 30.10 52.53  69.56 83.67 93.94 105.44  111.35 115.67 119.04 124.47 130.80 132.69
200 p -5.99  -9.43 -13.08 -16.78 -20.44 -24.04 -27.71 -31.24 -34.74 -38.23 -41.74 -45.06
o? 3081 5491 76.24 93.00 108.65 118.31 128.08 141.83 151.01 159.67 167.31 174.69
500 p -5.99 -9.50 -13.22 -17.04 -20.91 -24.76 -28.58 -32.36 -36.18 -40.03 -43.68 -47.42
o2 31.02 56.74  80.44 97.27  116.91 133.62 142.39 159.57 169.89 178.96 192.00 206.90
TABLE 10

Finite T correction factors upp(p) and o%p(p) for the pooled autoregressive coefficient test
statistic of Pedroni (PP,) for case 3

T/1 1 2 3 4 5 6 7 8 9 10 11 12
10 m -8.66 -9.96  -11.10 -12.14 - - - - - - - -
o? 13.70 15.49 16.13 16.06 - - - - - - - -
20 m -9.59  -11.75 -13.80 -15.73 -17.45 -19.02 -20.43 -21.79 -22.92 -24.01 -24.99 -25.87
o2  24.85 30.55 33.79 34.82 34.88 35.20 32.80 29.93 28.57 26.63 25.57 24.94
30 m -9.96  -12.47 -14.93 -17.27 -19.57 -21.69 -23.61 -25.45 -27.10 -28.71 -30.18 -31.52
o?  30.13 39.52 46.35 50.13 51.10 51.61 50.83 49.96 48.56 46.64 44.71 43.53
40 pu -10.10 -12.83 -15.57 -18.27 -20.76 -23.25 -25.54 -27.69 -29.81 -31.70 -33.51 -35.25
o?  33.27 43.29 53.05 58.44 62.65 64.91 65.22 66.83 65.15 64.28 64.03 61.82
50 pw o -10.19 -13.08 -15.96 -18.84 -21.58 -24.28 -26.82 -29.25 -31.60 -33.75 -35.88  -37.89
o2  35.33 47.06 57.30 64.37 71.62 75.31 77.55 78.87 80.47 79.73 79.82 77.96
60 pn -10.26 -13.26 -16.24 -19.21  -22.17 -25.03 -27.75 -30.38 -32.90 -35.31 -37.65 -39.86
o?  36.38 50.49 62.65 71.26 79.65 82.64 87.53 89.94 90.98 92.33 92.89 92.40
70 pw  -10.30 -13.29 -16.41 -19.50 -22.50 -25.51 -28.38 -31.19 -33.87 -36.47 -39.05 -41.34
o?  38.03 52.47 65.25 75.64 84.38 90.35 94.46 98.34 100.74  102.65 104.54  105.49
80 p -10.34  -13.35 -16.55 -19.73  -22.88 -25.94 -28.94 -31.84 -34.65 -37.44 -40.07 -42.63
o2 3825 54.43 67.87 78.88 87.49 96.83 100.23 104.67 108.64 110.99 114.24 113.63
90 pw o -10.40 -13.46 -16.67 -19.94 -23.15 -26.32 -29.41 -32.32 -35.32 -38.14 -40.87 -43.60
o?  38.99 54.95 69.03 82.23 91.06 99.91 105.26  112.20 114.96 119.97 124.00 124.81
100 p  -1041 -13.48 -16.78 -20.08 -23.32 -26.53 -29.73 -32.83 -35.84 -38.74 -41.58 -44.36
o?  39.07 55.42 70.66 83.99 93.82 103.20  111.73 117.25 121.31 125.55 130.09 134.37
200 p  -10.51 -13.79 -17.21  -20.82 -24.33 -27.87 -31.42 -34.84 -38.39 -41.80 -45.08 -48.42
o?  41.68 59.75 77.91 94.44 109.66  120.36  133.30 143.45 152.21 163.89 171.56 178.23
500 p  -10.54 -13.92 -17.50 -21.20 -24.96 -28.70 -32.47 -36.22 -40.01 -43.78 -47.41 -51.20
0?4279 63.72 82.80 100.19 11849 135.85 148.41 162.62 178.04 187.21 19797 215.35
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TABLE 11

Finite T correction factors ppp(t) and 0% p(t) for the pooled t-value
test statistic of Pedroni (PP;) for case 1

T/1 1 2 3 4 5 6 7 8 9 10 11 12

10 p -083 -1.15 -1.23 -1.17 - — — - — — - —
o2 106 085 064 0.52 - - - - - - - -
20 p 092 -1.41 -1.69 -1.85 -1.93 -1.94 -1.92 -1.86 -1.77 -1.65 -1.51 -1.36
62 124 109 089 066 051 042 037 035 034 032 031 0.29
30 p -096 -1.49 -1.85 -2.09 -2.25 -2.36 -242 -246 -247 -245 -241 -2.36
02 133 125 097 069 061 049 043 039 036 0.34 0.33 0.32
40 p -0.97 -1.53 -1.93 -221 -242 -2.57 -2.69 -2.78 -2.83 -287 -2.89 -2.89
0?2 139 131 106 082 064 056 049 044 040 0.38 0.36 0.35
50 p -0.98 -1.56 -1.97 -2.28 -252 -271 -285 -297 -3.07 -3.14 -319 -3.23
02 142 134 113 085 067 059 051 047 043 040 0.38  0.37
60 p -0.98 -1.58 -2.00 -2.33 -2.58 -2.79 -297 -311 -323 -3.32 -3.40 -3.46
0?2 144 140 1.18 088 070 060 054 049 046 043 041  0.39
70 u  -0.98 -159 -2.03 -2.36 -2.64 -2.86 -3.04 -321 -3.34 -3.45 -3.55 -3.64
02 142 133 114 092 077 064 058 052 048 0.46 044 041
80 p  -0.99 -1.60 -2.04 -239 -267 -291 -311 -328 -3.43 -3.56 -3.67 -3.77
0? 144 144 1.22 096 073 065 062 055 0.50 0.47 045 0.43
90 p -099 -1.60 -2.05 -241 -270 -295 -3.15 -3.33 -3.50 -3.64 -3.76 -3.87
02 146 144 116 095 083 068 061 057 052 049 046 0.44
100 -1.00 -1.61 -2.07 -243 -272 -297 -3.19 -3.38 -3.55 -3.70 -3.83 -3.95
02 145 143 114 101 081 075 064 059 053 051 049 0.46
200 p -1.00 -1.64 -2.12 -2.50 -2.83 -3.11 -3.36 -3.60 -3.80 -4.00 -4.17 -4.34
02 155 145 1.26 105 08 076 070 0.65 0.60 0.57 0.56 0.54
500 g -1.01 -1.65 -2.15 -2.55 -2.89 -3.20 -3.47 -3.73 -3.96 -4.18 -439 -4.58
62 152 152 1.33 1.08 098 082 074 069 066 0.63 0.60 0.59

TABLE 12

Finite T correction factors pupp(t) and o%p(t) for the pooled t-value
test statistic of Pedroni (PP;) for case 2

T/1 1 2 3 4 5 6 7 8 9 10 11 12

10 p -1.39 -1.43 -1.38 -1.24 - — — - — — - —
o2 057 052 046 047 - — - - — - - —
20 p -1.56 -1.80 -1.96 -2.04 -206 -205 -2.00 -1.91 -1.80 -1.68 -1.53 -1.37
62 070 0.63 055 047 044 040 036 035 033 0.32 031 0.32
30 u -1.62 -1.92 -216 -2.32 -2.44 -251 -255 -2.56 -2.565 -2.52 -2.47 -2.40
02 075 071 064 057 049 044 040 038 0.36 0.34 0.33 0.32
40 p -1.64 -1.99 -2.27 -2.47 -263 -2.75 -2.84 -2.90 -2.95 -297 -297 -297
02 0.80 076 067 062 053 050 044 041 038 0.37 035 0.34
50 p -1.67 -2.03 -2.32 -256 -2.75 -290 -3.02 -3.12 -320 -325 -3.30 -3.32
o2 0.85 0.80 073 065 058 054 047 044 042 039 038 0.36
60 p -1.68 -2.05 -2.36 -2.62 -2.83 -3.01 -3.15 -3.27 -3.37 -345 -3.52 -3.57
02 084 084 075 068 061 056 050 046 045 042 0.39  0.39
70 pu  -1.69 -2.08 -2.39 -2.67 -2.89 -3.08 -324 -337 -349 -3.59 -3.68 -3.75
0?2 0.86 0.83 077 069 062 058 052 050 047 0.44 042 0.40
80 pu  -1.69 -2.09 -241 -2.69 -2.93 -3.13 -3.31 -3.46 -359 -3.70 -3.80 -3.89
0 0.8 085 079 070 065 061 055 051 048 0.46 0.44 0.41
90 p -1.70 -2.10 -2.44 -273 -297 -3.18 -3.36 -3.53 -3.67 -3.79 -390 -3.99
02 0.88 0.86 080 073 067 061 056 053 049 048 044 0.44
100 p -1.71 -2.10 -2.45 -275 -3.00 -3.22 -3.40 -3.58 -3.72 -3.86 -3.99 -4.08
02 0.89 0.88 080 074 067 063 058 054 050 0.48 0.47 0.45
200 p -1.72 -2115 -252 -2.84 -3.12 -3.37 -3.61 -3.82 -4.01 -419 -436 -4.51
6 091 092 087 08 074 068 064 061 059 0.56 0.54 0.52
500 p  -1.72 -217 -256 -2.90 -3.20 -3.48 -3.73 -3.97 -4.19 -4.40 -459 -4.77

N

0.92 0.95 0.91 0.83 0.78 0.74 0.68 0.66 0.63 0.60 0.58 0.58

q
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TABLE 13

Finite T correction factors ppp(t) and 0% () for the pooled t-value
test statistic of Pedroni (PP;) for case 3

T/1 1 2 3 1 5 6 7 8 9 10 11 12

10 p -162 -148 -1.30 -1.07 - E - - E - - -

o2 039 040 043 048 - - - - - - - -

20 @ -1.97 205 -2.10 -2.11 -2.07 -2.01 -1.93 -1.81 -1.68 -1.54 -1.37 -1.20

o> 045 043 041 038 036 035 034 032 031 030 030 029

30 pu 208 -225 -2.38 -247 -253 -257 -2.57 -2.56 -2.52 -247 -241 -2.33

o2 050 049 047 043 040 038 036 034 033 032 031 031

40 214 -235 252 -2.66 -2.77 -2.86 -2.91 -2.96 -2.98 -2.98 -2.97 -2.95

o2 053 052 050 047 044 041 039 038 036 034 033 033

50 @ -2.17 241 261 -2.78 -292 -3.04 -3.13 -321 -3.26 -3.30 -3.33 -3.34

o2 056 054 052 049 047 045 043 040 039 037 036 034

60 p -219 -245 -2.67 -2.86 -3.03 -3.17 -3.28 -3.38 -3.46 -352 -3.58 -3.61

o2 057 057 055 053 050 047 045 043 041 039 038 0.36

70 @ -221 -247 271 292 -3.09 -325 -339 -3.50 -3.60 -3.68 -3.76 -3.81

o2 059 059 057 054 052 049 046 044 042 041 039  0.38

80 p 222 -249 274 -2.96 -3.15 -3.32 -3.47 -3.60 -3.71 -3.81 -3.90 -3.97

o2 059 061 059 056 053 052 048 046 044 042 041 040

90 @ -223 251 277 -3.00 -320 -3.38 -354 -3.67 -3.80 -3.91 -4.00 -4.09

o> 060 061 059 058 055 053 049 048 046 044 043 041

100 p -224 -252 279 -3.02 -3.23 -3.42 -359 -3.74 -3.87 -3.99 -4.09 -4.19

o2 060 062 060 059 056 053 052 049 047 045 044 042

200 p  -2.27 -259 -2.88 -3.16 -3.40 -3.62 -3.83 -4.01 -420 -4.36 -4.51 -4.65

o2 063 065 065 064 062 059 058 056 053 053 051 049

500 @ -2.29 -2.62 -2.94 -323 -350 -3.74 -3.97 -419 -4.40 -459 -4.77 -4.95

o> 065 069 068 067 066 065 062 061 060 057 055 0.56

TABLE 14
Finite T correction factors ppc(p) and obg(p) for the group-mean autoregressive coefficient
test statistic of Pedroni (PG,) for case 1

T/1 1 2 3 1 5 6 7 8 9 10 11 12
10 p 491 -752 -949 -10.96 - - - - - - - -
o2 1330 13.21 12.03 10.44 - - - - - - - -
20 @ -533 857 -11.33 -13.68 -15.82 -17.65 -19.20 -20.75 -22.04 -23.24 -24.27 -25.23
o2 1830 2299 24.97 2546 2548 2443 2322 2215 2068 19.22  18.07  16.59
30 @ 549 894 -12.09 -14.92 -17.50 -19.82 -21.99 -23.97 -25.80 -27.49 -29.06 -30.56
o2 2057 27.82 3270 3596 37.15 37.97 3851 37.82 37.05 3612 3477  33.82
40 556 -9.21 -12.56 -15.61 -18.47 -21.12 -23.63 -25.97 -28.12 -30.22 -32.18  -33.96
02 21.88 3122 37.89 4246 46.13 4855 50.32  51.05 51.62  51.60  50.61  50.22
50 @ 564 936 -12.76 -16.03 -19.12 -21.99 -24.64 -27.29 -29.70 -32.06 -34.29  -36.40
o2 2298 3317 40.92 4744 5218 5681  59.58  61.52  63.19  63.59  63.72  64.34
60 @ -567 -9.47 -13.02 -16.33 -19.51 -22.54 -25.49 -28.28 -30.92 -33.41 -35.80 -38.16
02 2363 3448 43.94 5140 5741 6210 6654  69.84 7218 7418 7578  76.85
70 568 -952 -13.12 -16.54 -19.90 -23.02 -26.02 -29.00 -31.78 -34.41 -37.02  -39.62
02 2385 3567 4569 5396 6141 67.07 7197 7644  80.35 8229 8584  87.40
80 @ 570 -9.57 -13.18 -16.76 -20.06 -23.33 -26.54 2050 -32.39 -35.29 -37.97  -40.67
02 2410 3652 4701 56.60 63.64 70.19 77.30 8248  86.28  90.26 9254  96.50
90 @ -572 958 -13.25 -16.88 -20.31 -23.60 -26.84 -20.93 -33.00 -35.96 -38.79 -41.53
02 2448 3715 47.63 57.83  66.37 7457 80.73  87.99 9210  96.92 100.98 103.53
100 p 573 -9.61 -13.37 -16.96 -20.47 -23.83 -27.08 -30.31 -33.49 -36.51 -39.39 -42.28
02 2455 37.38 4921 5889 68.96 77.32 8453  91.22 9694 102.00 106.12 111.35
200 @ 581 980 -13.70 -17.47 -21.19 -24.86 -28.50 -32.11 -35.60 -39.03 -42.50 -45.83
o2 2597 4028 5419 6651  79.02 90.74 10248 111.58 121.99 130.65 140.24 148.82
500 @ -5.83 -9.88 -13.86 -17.75 -21.61 -25.54 -29.35 -33.25 -37.00 -40.77 -44.55 -48.31
02 2675 41.79 5644 70.76 8511  99.77 113.86 128.33 140.89 154.79 165.24 179.11
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Finite T correction factors upa(p) and obq(p) for the group-mean
test statistic of Pedroni (PG,) for case 2

TABLE 15

autoregressive coefficient

T/1 1 2 3 4 5 6 7 8 9 10 11 12
10 uw -7.08 -9.00 -10.54 -11.77 — — — - - — — —
o2 11.71 11.36  10.13 8.94 - - - - - - - -
20 uw  -7.92 -10.66 -13.11 -15.23 -17.11 -18.79 -20.29 -21.60 -22.81 -23.90 -24.89 -25.80
o2 19.76 2299 24.21 2422 23.85  23.00 21.63 20.40 19.31 17.81 16.63 15.51
30 uw -831 -11.35 -14.21 -16.81 -19.22 -21.37 -23.42 -25.24 -26.98 -28.59 -30.07 -31.46
02  24.07 29.96 3344 3575 37.04 37.26 37.27 36.59 35.66 34.59 33.53 32.43
40 uw -8.46 -11.73 -14.82 -17.70 -20.41 -22.89 -25.32 -27.51 -29.61 -31.59 -33.48 -35.19
o2  26.67 34.26 3946  43.73  46.61  48.40  49.53 49.94 50.06 50.15 49.50 48.44
50 uw -8.61 -11.97 -15.21 -18.24 -21.21 -23.95 -26.56 -29.06 -31.42 -33.68 -35.78 -37.83
o2 2834 37.06 44.32 4931 53.74  57.28 59.42 61.24 62.66 62.92 63.50 63.48
60 uw -8.67 -12.13 -15.47 -18.67 -21.75 -24.70 -27.48 -30.14 -32.74 -35.17 -37.50 -39.80
o2 2931 39.39  47.09 53.92  59.75  64.21 67.41 70.59 72.32 74.09 74.79 76.30
70 uw  -874 -12.28 -15.67 -19.03 -22.16 -25.20 -28.20 -30.98 -33.73 -36.32 -38.83 -41.29
o2  30.36  40.93 49.75 58.15  63.87  69.30 73.67 77.93 81.03 83.03 85.25 87.38
80 o -8.77 -12.38 -15.82 -19.16 -22.52 -25.63 -28.70 -31.64 -34.49 -37.22 -39.91 -42.48
o2 3113 4227 51.62 59.89  67.51 73.32 79.68 83.68 87.66 91.30 94.43 95.60
90 uw -8.83 -12.43 -15.96 -19.43 -22.76 -25.98 -29.10 -32.23 -35.13 -37.98 -40.76 -43.40
o2 3149 4324 53.33 6270 70.70  77.83 83.99 89.42 94.11 98.59  101.49 104.60
100 p  -888 -12.46 -16.05 -19.55 -22.99 -26.30 -29.43 -32.62 -35.61 -38.59 -41.56 -44.22
02 3228 44.15 54.66 64.73 73.14  81.10 87.31 93.60 99.19  103.79 109.05 111.77
200 p  -8.97 -12.74 -16.49 -20.26 -23.95 -27.52 -31.15 -34.67 -38.14 -41.55 -45.02 -48.30
o2 3417 48.00 61.26 7346  86.09 97.09 107.89 117.79 127.42 134.85 143.97 151.98
500 u  -9.04 -12.92 -16.77 -20.67 -24.56 -28.42 -32.23 -36.06 -39.84 -43.65 -47.32 -51.07
o2 3579 50.70 65.24 79.92 93.91 107.60 120.80 135.53 148.01 159.64 173.89  187.52
TABLE 16

Finite T correction factors ppc(p) and obq(p) for the group-mean
test statistic of Pedroni (PG)) for case 3

autoregressive coefficient

T/1 1 2 3 4 5 6 7 8 9 10 11 12
10 p  -9.72 -10.95 -12.01 -12.92 - - - — — — — -
o2 9.59 9.12 8.30 7.29 - - - - - - - -
20 p  -11.43 -13.58 -15.53 -17.33 -18.93 -20.40 -21.68 -22.91 -23.95 -24.93 -25.84 -26.64
o2 2156 23.33 2383 2339 2266 21.64 20.34  18.99 17.75 16.55 15.36 14.31
30 pu -12.15 -14.71 -17.12 -19.38 -21.54 -23.55 -25.34 -27.08 -28.63 -30.11 -31.51 -32.77
o2 2883 33.01 3535 36.78 3698 37.09 3625 3551 3453 3335 3217  30.79
40 p  -12.49 -15.27 -18.04 -20.65 -23.07 -25.45 -27.62 -29.67 -31.68 -33.47 -35.21 -36.83
o2 33.14 38.74 43.52  46.38  48.38  49.37  49.98  50.27  49.88  49.54  48.74  47.52
50 p -12.71 -15.70 -18.61 -21.43 -24.10 -26.73 -29.15 -31.49 -33.74 -35.81 -37.85 -39.76
o2  36.16 43.74  49.47 53.63  56.99  59.67 61.37  62.39 6290 63.42  63.63  62.69
60 pu -12.88 -15.99 -19.02 -21.97 -24.88 -27.64 -30.27 -32.83 -35.25 -37.568 -39.81 -41.93
o2 3855 46.60 5326 59.15  63.94  67.13  70.16 7237  74.03  75.68  75.44  75.57
70  u  -12.99 -16.12 -19.31 -22.38 -25.33 -28.28 -31.07 -33.78 -36.36 -38.91 -41.40 -43.64
o2  40.25 4880 57.20 63.73  69.06  74.20 7824  80.81  83.05 85.66 86.93  88.53
80 p -13.06 -16.26 -19.54 -22.72 -25.80 -28.85 -31.73 -34.56 -37.30 -39.98 -42.56 -45.02
o2 41.18 51.38 60.10 67.90 73.83  80.13 84.01 88.30 91.53  93.99 9620  97.64
90 p -13.16 -16.43 -19.69 -22.99 -26.15 -29.29 -32.29 -35.16 -38.07 -40.81 -43.49 -46.14
o2 4233 5288 6197 7025 78.00 8440 89.26  93.74  98.36 101.00 104.65 107.30
100 ju  -1320 -16.47 -19.85 -23.17 -26.40 -29.57 -32.72 -35.75 -38.69 -41.51 -44.31 -47.03
o2  43.01 54.09 6423 7292 80.92  88.01 93.72  99.31 103.73 108.48 111.93 116.28
200 p  -1346 -16.95 -20.51 -24.17 -27.72 -31.27 -34.80 -38.20 -41.70 -45.09 -48.33 -51.60
o2 4743 6047 73.07 85.14  96.12 107.48 117.94 127.18 136.67 145.11 153.91 159.01
500 u -13.60 -17.24 -20.97 -24.75 -2858 -32.33 -36.11 -39.84 -43.63 -47.39 -50.99 -54.80
o2  50.00 64.85 79.48 9451 108.19 121.00 134.85 147.31 160.24 173.52 183.94 197.79
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TABLE 17

Finite T correction factors ppc(t) and o%4(t) for the group-mean t-value
test statistic of Pedroni (PGy) for case 1

T/1 1 2 3 4 5 6 7 8 9 10 11 12

10 po -1.08 -1.33 -1.36 -1.27 - - - - - - - -
a2 0.54 0.34 0.28 0.25 — — - — - - - -
20 po -1.23  -1.65 -1.88 -1.99 -2.04 -2.04 -2.00 -193 -1.83 -1.71 -1.57 -1.42
o2  0.64 0.46 0.37 0.33 0.31 0.29 0.28 0.27 0.25 0.25 0.23 0.22
30 po -129 -1.76 -2.06 -2.26 -2.39 -2.47 -2.52 -2.55 -2.54 -2.52 -248 -241
a2  0.67 0.52 0.43 0.38 0.35 0.33 0.31 0.30 0.29 0.28 0.27 0.27
40 po -131 -1.82 -2.16 -240 -2.58 -2.71 -2.81 -2.88 -292 -296 -2.97 -2.96
a2 0.70 0.54 0.46 0.42 0.39 0.36 0.34 0.33 0.32 0.31 0.30 0.29
50 po -1.33 -1.8 -2.21 -248 -2.69 -2.85 -298 -3.09 -3.17 -3.23 -3.28 -3.31
a2 0.72 0.57 0.49 0.44 0.41 0.39 0.37 0.36 0.34 0.33 0.32 0.31
60 po -1.34  -1.88 -2.25 -2563 -2.76 -295 -3.10 -3.23 -3.34 -3.42 -3.50 -3.55
a2  0.73 0.58 0.51 0.46 0.43 0.40 0.39 0.37 0.36 0.35 0.34 0.32
70 po -1.34 -190 -2.28 -2.57 -282 -3.02 -3.19 -3.34 -346 -3.56 -3.65 -3.73
a2  0.73 0.59 0.52 0.48 0.44 0.42 0.40 0.38 0.37 0.36 0.36 0.34
80 po -135 -191 -230 -2.61 -286 -3.07 -3.26 -3.41 -3.55 -3.67 -3.77 -3.86
a2  0.74 0.60 0.53 0.49 0.45 0.43 0.42 0.40 0.39 0.37 0.36 0.36
90 p -136 -191 -231 -2.63 -290 -3.11 -331 -347 -3.62 -3.76 -3.87 -3.97
a2  0.74 0.61 0.53 0.50 0.47 0.45 0.43 0.42 0.40 0.39 0.38 0.37
100 p -136 -192 -233 -265 -292 -3.15 -3.35 -3.53 -3.69 -3.82 -3.95 -4.06
a2  0.74 0.61 0.54 0.50 0.48 0.46 0.44 0.43 0.41 0.40 0.39 0.38
200 p  -1.38 -196 -239 -2.74 -3.04 -3.30 -354 -3.76 -3.95 -4.14 -431 -4.46
a2 0.77 0.63 0.57 0.54 0.52 0.50 0.49 0.47 0.46 0.46 0.45 0.44
500 p  -1.39 -198 -243 -2.79 -3.11 -340 -3.66 -3.90 -4.13 -4.33 -4.54 -4.72
a2  0.78 0.64 0.59 0.56 0.54 0.53 0.52 0.52 0.51 0.50 0.49 0.49

TABLE 18

Finite T correction factors ppc(t) and o%4(t) for the group-mean t-value
test statistic of Pedroni (PGy) for case 2

T/1 1 2 3 4 5 6 7 8 9 10 11 12

10 p -1.52 ~-1.54 -1.47 -1.33 - - - - - - - -
o2 040 033 029 0.26 - - - - - - - -
20 p -1.76 -1.98 -210 -2.15 -2.16 -2.13 -2.07 -1.98 -1.87 -1.74 -1.59 -1.43
62 049 041 036 033 031 029 028 027 026 025 024 0.22
30 u  -1.85 -2.13 -2.33 -247 -256 -2.61 -2.64 -2.64 -2.62 -2.58 -2.53 -2.46
02 053 046 041 037 034 032 031 030 029 020 028 0.27
40 p  -1.89 -2.21 -2.45 -2.63 -2.77 -287 -295 -3.00 -3.03 -3.04 -3.04 -3.03
02 057 049 044 040 038 036 034 033 032 031 030 0.29
50 p  -1.92 -226 -2.52 -2.73 -2.90 -3.03 -3.14 -323 -329 -334 -337 -3.40
62 059 051 047 043 040 038 036 035 034 033 0.32 0.31
60 p -1.94 -229 -2.57 -2.80 -2.99 -3.15 -328 -3.38 -347 -355 -3.60 -3.65
02 059 053 048 045 042 040 038 037 036 034 0.33 0.33
70 p  -1.95 -232 -2.61 -2.85 -3.05 -3.23 -338 -350 -3.61 -3.70 -3.77 -3.84
02 0.60 054 049 046 043 042 039 038 037 036 035 0.34
80 pu -1.96 -2.34 -2.63 -2.88 -3.11 -3.29 -345 -359 -3.71 -381 -390 -3.98
6? 0.61 055 050 047 045 043 041 040 0.38 0.37 036 0.35
90 p -1.97 -235 -2.66 -2.92 -3.15 -3.34 -351 -3.66 -3.79 -390 -4.01 -4.09
02 0.62 056 051 048 046 044 042 041 039 039 037 0.37
100 -1.98 -2.36 -2.68 -2.94 -3.18 -3.38 -355 -3.71 -3.85 -3.98 -4.09 -4.19
02 0.63 056 052 049 047 045 043 042 041 039 039 0.38
200 p -2.00 -241 -2.75 -3.05 -3.32 -3.55 -3.77 -3.97 -415 -432 -448 -4.63
6? 0.65 059 055 053 051 050 048 047 046 045 044 0.44
500 p  -2.02 -244 -280 -3.12 -3.41 -3.67 -3.91 -4.13 -4.34 -455 -4.73 -4.91

N

0.66 0.61 0.58 0.55 0.54 0.52 0.52 0.51 0.50 0.49 0.49 0.49

q
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Finite T correction factors ppc(t) and o%4(t) for the group-mean t-value

TABLE 19

test statistic of Pedroni (PGy) for case 8

T/1 1 2 3 4 5 6 7 8 9 10 11 12
10 p -1.67 -1.54 -1.37 -1.15 - - - - - - - —
o2 032 030 027 025 - - - - - - - -
20 p  -2.09 -216 -220 -2.19 -215 -2.08 -1.99 -1.88 -1.74 -1.60 -1.44 -1.27
02 037 035 033 031 030 028 027 026 025 024 023 021
30 u  -2.23 -2.39 -251 -259 -2.63 -2.65 -2.65 -2.63 -2.58 -2.53 -247 -2.38
02 042 039 037 034 033 031 030 029 028 028 027 0.27
40 p -231 -2551 -2.67 -2.79 -2.890 -296 -3.01 -3.04 -3.05 -3.05 -3.04 -3.00
02 044 042 040 037 035 034 033 032 031 030 029 0.29
50 p  -2.35 -2.58 -2.77 -2.92 -3.05 -3.16 -324 -3.30 -3.35 -3.38 -3.40 -3.41
02 047 044 042 039 038 036 035 034 033 032 031 0.30
60 u  -2.38 -2.63 -2.84 -3.01 -3.16 -329 -3.40 -3.48 -3.55 -3.61 -3.66 -3.69
02 048 046 043 041 040 038 037 035 035 0.33 0.33 0.32
70 p  -240 -2.66 -2.88 -3.07 -324 -338 -351 -361 -3.70 -3.78 -3.85 -3.89
0? 049 047 045 043 041 039 038 037 036 035 034 0.34
80 p  -242 -2.68 -2.92 -3.12 -3.30 -346 -3.60 -3.71 -3.82 -391 -3.99 -4.06
62 050 049 046 044 042 041 040 038 037 0.36 035 0.35
90 p 244 271 -295 -317 -335 -352 -3.67 -3.79 -3.91 -401 -410 -4.18
02 050 049 047 045 044 042 040 039 039 037 037 0.36
100 p -2.44 272 -297 -319 -339 -356 -3.72 -386 -3.99 -4.09 -4.19 -4.28
02 0,51 050 048 046 044 043 042 041 039 0.38 0.38 0.37
200 p  -249 -280 -3.08 -3.34 -3.57 -3.78 -3.98 -4.16 -4.33 -4.49 -4.63 -4.77
62 053 053 051 050 049 048 047 046 045 044 044 0.43
500 p  -2.52 -2.85 -3.15 -3.42 -3.68 -3.92 -4.14 -435 -455 -4.73 -491 -5.08
02 056 055 054 054 052 051 051 050 049 049 048 0.48

Correction factors for Westerlund tests
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Correction factors for system tests

TABLE 26

Finite T correction factors upr and o2 for case 1

T/m-k 1 2 3 4 5 6 7 8 9 10 11 12

10 m 1.00 497 11.40 19.78 - - - - - - - -

M

o 1.75  8.32 19.39 34.71 - - - - - - - -
20 m 1.06 5.45 12.90 23.03 35.61 50.24 66.71 84.95 104.78 125.83 148.15 171.74
o? 192 9.05 21.03 37.62 58.62 84.27 113.31  148.14 184.39 226.09 271.19 320.41
30 m 1.09 5.66 13.54 24.47 38.20 54.51 73.08 93.92 116.69  141.48 167.88 195.98
o? 201 9.48 21.75 39.14 61.75 88.48 117.93  152.72 193.06 237.08 284.01 336.21
40 m 1.10 5.74 13.88 25.30 39.71 56.88 76.86 99.28 123.98 150.95 180.01 211.09
o? 206 9.73 22.29 40.10 63.23  89.36 121.90 158.13  198.57 244.92 293.25 346.30
50 m 1.10 5.82 14.09 25.79  40.62 58.49 79.28 102.71  128.85 157.32 188.24  221.35
o2 205 9.90 2295 4123 6397 91.55 124.31 161.67 202.75 247.66 298.42  357.47
60 m 1.12 5.85 14.28 26.11 41.31 59.67 80.99 105.26  132.33 161.95 194.07 228.72
o? 215 9.83 23.44 4190 65.21 92.74 127.47  164.55 207.47 254.13 304.52  358.61
70 m 1.12 5.91 14.37 26.39 41.81 60.47 82.26 107.12  134.89 165.41 198.64 234.42
0? 214 1008 23.44 4219 66.12 94.90 128.93 166.05 208.39 257.97 307.79  369.28
80 m 1.12 5.94 14.45 26.56 42.16  61.08 83.33 108.53 136.97 168.09 202.06 238.98
02 212 1009 23.68 4241 66.40 95.85 129.08 169.05 211.98 262.02 313.65 371.03
90 m 1.12 5.96 14.53  26.77  42.42 61.60 84.06 109.80 138.45 170.22 204.96 242.70
o? 213 1022 23.77 43.50 66.64  96.19 130.49 170.71 213.41 260.29 317.19 375.56
100 1.13 5.96 14.57 26.84 42.69 62.04 84.73 110.63 139.85 171.96  207.29  245.47
0? 216 1027 23.97 43.18 67.53  96.97 132.94 170.64 215.28 266.49 320.99 377.86
200 p 1.13  6.04 14.83 27.44 43.88  63.90 87.75 115.12  146.11 180.60 218.52  259.80
02 219 1037 24.48 44.17 69.79 100.86 136.66 178.12 224.39 279.63 336.48  394.70
500  pu 1.14  6.09 1496  27.82 44.56  65.17 89.67 118.03  150.13 186.00 225.74  269.25

M)

2.22  10.60 24.81 4529 71.04 103.68 141.29 183.52 233.34 289.01 344.85 413.23

q
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TABLE 27

Finite T correction factors prr and 0% for case 2

T/m-k 1 2 3 4 5 6 7 8 9 10 11 12

10 pno 322 8.96 16.72  26.17 - - - - - - - -

M

02 509 1449 2811 4592 - - - - - - - -
20 p 359 1024 19.65 31.50 4551 6143  79.11  98.30 118.94 140.82 163.96 188.04
o2 581 1601 31.04 50.38 7402 101.92 13514 170.36 210.06 252.84 300.82 347.16
30  p 373 1079 2089 33.86 49.43 67.37 8751  109.60 133.81 159.59 187.12 216.12
02 612 1690 3235 5249 77.52 107.03 140.33 180.46 221.95 266.18 317.92 37130
40 p 380 11.09 21.60 3521 51.65 70.82 9255 116.59 142.83 171.25 201.69 233.86
02 625 1745 33.32 54.68 79.33 110.98 144.42 184.69 226.89 275.85 32878 38185
50 p 3.86 11.27 22.05 36.05 53.15 73.12  95.83 121.23 148.88 179.12 211.52 246.06
o2 640 17.85 3420 5562 81.71 113.28 148.06 189.04 232.97 282.80 336.08 391.97
60 p  3.90 11.36 22.34 36.62 5413 74.78  98.19 124.38 153.28 184.80 218.74 255.15
o2 651 17.89 3440 5575 8279 11480 150.95 190.61 237.51 284.44 341.12  400.51
70 p 3.92 1147 2256 37.12 5496 7591  99.92 126.87 156.63 189.04 224.23 261.89
o2 651 1814 3556 57.01 84.99 116.19 152.63 193.24 242,18 292.74 347.74  410.06
80 p  3.93 11.56 22.77 3746 5553 76.82 101.30 128.67 159.18 192.45 228.51 267.12
02 651 1851 3546 57.88 8534 117.65 154.69 194.41 243.23 293.13 351.59 408.80
90 p  3.94 11.60 22.89 37.78 55.96 77.61 102.42 130.25 161.28 195.21 231.88 271.34
02 6.63 1850 3543 5835 86.07 11816 156.11 19841 24540 297.28 355.44 412.20
100 p 3.95 11.65 23.04 37.94 56.36 7821 103.20 131.55 162.90 197.40 234.83 275.03
02 6.66 1848 3590 5856 85.85 120.17 157.46 200.23 246.99 29891 357.41 418.69
200 p  3.99 11.84 2355 3897 5811 80.97 107.48 137.43 171.02 207.98 24859 292.28
o2 672 1919 37.07 60.54 89.44 124.84 163.45 208.60 258.08 316.24 377.25 442.71
500 p  4.03 11.97 2384 39.61 59.32 8279 110.16 141.31 176.29 215.07 257.55 303.71
o2 681 1922 37.82 6206 91.65 12825 168.56 214.31 269.14 32844 391.92 461.76
TABLE 28
Finite T correction factors prr and 0% for case 3
T/m-k 1 2 3 1 5 6 7 g 9 10 11 12

10 m 1.00 6.13 13.14 21.73 - - - - - - - -

M

o 2.02 10.32 22.06 37.82 - - - - - - - -
20 m 1.00 7.03 15.70  26.67 39.80  54.87 71.61 89.87 109.48 130.55  152.58 175.78
o? 201 11.59 24.80 42.09 63.89 89.64 120.57  153.31 192,50 232.73 276.72  326.25
30 m 1.01 7.43 16.82 28.88 43.55  60.65 79.87  101.12 124.24 149.15 175.69 203.66
0? 203 1228 26.69 44.68 67.26 94.73 126.01 163.09 201.99 245.51 296.49  348.48
40 m 1.00  7.62 17.41 30.16 45.70  64.01 84.74 107.86  133.14 160.56  189.96 221.29
o2 201 1258 27.33 46.47 69.45 97.56 130.57 167.31  210.10 255.71 307.56  362.07
50 w099 775 17.80 30.99 47.14  66.26 88.01 112.34 139.28 168.46 199.87  233.50
0? 195 1290 28.13 47.82 71.45 100.84 134.01 170.88 215.57 262.25 311.43  368.27
60 m 1.00 7.85 18.08 31.54 48.15 67.73 90.28 115.65 143.54 174.08 207.01  242.30
0? 204 1318 28.88 48.80 73.02 103.21 136.37 176.03 218.73 265.96 321.32 376.13
70 m 1.00 7.92 18.29 31.94 48.88  68.96 92.06 117.99  146.77 178.35 212.41 249.11
0? 199 1350 28.96 49.10 74.03 104.47 139.61 176.93 221.35 272.42 32291 384.19
80 m 1.00 7.97 18.39  32.29 49.42  69.79 93.35 119.85 149.31 181.56  216.61  254.26
o2 1.99 1347 29.26 49.89 75.15 105.69 139.68 179.88 224.96 274.09 326.32  386.03
90 m 1.00 7.99 18.54  32.51 49.85 70.56 94.36 121.39 151.39 184.30 220.04 258.77
0? 198 1359 29.44 50.28 75.72 106.62 143.20 181.91 227.37 277.58 329.77 393.15
100 1.00 8.05 18.65 32.68 50.26  71.07 95.24 122.60 152.95 186.47 222.93 262.24
0? 198 13.62 29.93 50.67 76.15 107.02 143.69 184.28 228.62 276.88 337.40 394.47
200 @ 099 817 19.03 33.64 51.91 73.82 99.35 128.39 161.02 197.08 236.39 279.30
02 1.93 14.00 30.73 52.67 79.67 111.83 149.76 193.45 240.25 295.07 352.65 416.60
500 w099 825 19.34  34.29 53.01 75.59 101.99 132.18 166.19 204.00 245.43 290.75

»

1.97 1431 31.78 54.43 82.13 11594 155.02 201.71 253.81 307.90 367.34 434.40

q
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TABLE 29

Finite T correction factors upr and o2 for case 4

T/m-k 1 2 3 4 5 6 7 8 9 10 11 12
10 p 414 10.15 17.74 26.70 - - - - - - - -
02 6.16 16.00 30.01 47.34 - - - - - - - -
20 p 5.03 12.69 2271 34.80 48.88  64.64 81.86 100.49 120.52 141.62 163.83 186.95
o2 753 1867 34.11 53.81 7823 106.66 137.53 174.30 212.12 255.28 302.04 351.78
30 543 13.80 24.89 38.62 54.63  72.81  93.11 11527 139.10 164.66 191.72 220.20
02 832 2031 36.57 57.21 82.68 112.75 146.05 185.01 226.36 272.51 322.24  380.27
40 p b.61 1441 26.17 40.80 58.00 77.72  99.86 124.17 150.66 179.01 209.23 241.36
02 865 21.37 3828 59.58 86.25 117.20 151.45 192.42 23572 283.36  335.43 394.13
50 p  5.75 14.82 26.98 4210 60.19 80.98 104.34 130.19 15845 188.89 221.48 255.98
o2 897 2217 39.77 61.08 89.30 120.15 153.72 196.79 239.78 293.55 346.37  400.24
60 p  5.82 15.07 27.564 43.09 61.73  83.29 107.56 13457 164.02 19597 230.33 266.85
02 9.06 2259 40.70 6276 90.35 123.03 159.36 201.46 245.69 298.38  350.03 412.23
70 x589 15.26 27.93 43.88 62.86  84.98 109.93 137.77 168.22 201.48 237.10 275.10
o2 932 2290 41.21 6423 91.31 125.07 162.69 203.69 250.92 302.86 357.78 418.92
80 p 596 1541 2825 4447 63.81  86.28 111.88 140.32 171.66 205.64 24226 281.56
o2 946 2319 41.96 65.37 94.64 125.63 164.71 205.86 254.07 306.95 359.60 423.67
90 u 599 1553 2849 4488 6452 87.36 113.33 142.38 174.36 209.09 246.69 286.86
02 967 2358 4235 66.03 94.73 127.95 166.09 209.43 260.46 309.55 367.29  430.26
100 g 6.02 1561 2871 4524 65.11 83824 11453 143.99 176.40 211.89 250.19 291.17
02 960 2393 4248 66.36 94.86 129.49 168.54 210.94 258.85 312.01 372.00 436.40
200 p  6.16 16.08 29.64 46.94 67.82  92.35 120.48 151.95 187.07 225.49 267.27 312.42
o2 10.07 24.73 4459 70.05 100.41 136.18 178.96 222.20 276.05 330.16 392.91 463.94
500 u  6.26 16.33 30.26 48.03 69.62  94.97 124.17 157.26 193.96 234.45 278.66 326.68
02 1044 2535 46.02 71.86 104.10 141.53 185.03 234.67 286.81 345.58 411.83 481.41
TABLE 30
Finite T correction factors prr and 0% for case 5
T/m-k 1 2 3 4 5 6 7 3 9 10 11 12
10 099 6.54 13.57 21.84 - - - - - - - —
o2 197 10.79 23.04 38.66 - - - - - - - -
20 p 099 811 1747 2891 4220 57.16 7358 91.49 110.62 130.84 152.13 174.49
02 1.95 12.89 27.02 44.88 67.09 93.01 122.73 156.37 194.05 234.06 277.62 326.94
30 099 876 1023 32.17 4742 6487  84.35 105.57 128.60 153.27 179.50 207.03
o2 200 14.16 29.54 4870 72.24 100.28 132.29 167.96 206.37 252.34 303.15  352.81
40 g 1.00 9.15 20.18 34.09 5052 69.41  90.76 114.13 139.86 167.28 196.68 227.90
02 201 1476 31.02 51.21 75.15 103.80 138.47 175.47 217.52 263.76 315.05 368.66
50 p  1.00 9.39 20.83 35.26 52.59 7248  94.93 120.01 147.30 176.82 208.46 242.26
02 199 1536 31.91 5278 77.99 107.68 141.87 180.82 223.07 271.82 318.77 378.48
60 p 1.00 9.564 21.29 36.13 53.97 7463 97.96 124.19 152.77 183.78 217.22 252.90
02 1.99 15.64 32,98 54.46 80.15 110.42 146.35 184.05 227.37 277.56 329.12  386.89
70 099 9.65 21.61 36.73 54.98 76.26 100.36 127.27 156.89 189.04 223.76  260.91
02 1.98 1594 33.76 54.78 81.63 112.63 146.98 188.32 234.51 283.27 337.15 394.53
80 p 1.00 9.76 21.87 37.25 55.87 77.51 102.18 129.77 160.01 193.25 229.02 267.38
02 201 16.35 34.04 56.48 83.29 113.42 149.59 189.78 237.91 286.84 343.06 403.27
90 p 1.00 9.85 22.06 37.64 5644 7845 10352 131.61 162.73 196.49 23321 272.45
o2 199 16.34 3449 57.02 84.09 11580 151.94 193.11 240.19 291.46 347.52 404.28
100 p  1.00 9.90 2223 37.96 57.06 7927 10471 133.25 164.83 199.20 236.60 276.91
o2 198 16.68 34.83 57.65 85.45 117.73 154.11 194.74 241.14 290.08 348.40 412.78
200 p  1.01 1019 2298 39.41 59.48 83.09 110.16 140.93 175.10 21255 253.55 297.61
o2 203 17.36 36.78 60.98 88.95 123.56 161.88 207.05 257.35 311.83 370.54 436.12
500 w 1.00 10.34 23.46 40.38 61.06 85.63 113.87 14590 181.75 221.43 264.54 311.53
02 1.99 17.86 37.84 62.78 93.65 129.56 171.20 216.27 269.89 327.17 389.63 458.78
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